
approximately midshaf c9.5 mm
(auper-o-inferior), c1 (ante~'ropos!:',e:r:ior).

th~ t.ot a.l, length of the fragment Js 97.9 nun. 'l'he
1/

sigmoid cu:r:vaturebf the specimen is moderately
pronounced and scores a curvature value of 3 - 4

on the authors scal~ (see Figure ) .

'1Ii7.3.1.2.3
A.L. 333-94

(left clavicpl~l~ fragment (Figure 62})

(LoVe) oy et: e l . I 1982]:))

This is a .left lateral clavicle f:r:agmelttthat
is 51.:2 mm in length and includes part of the.
inferior Surface, trapezoid line and origin of
deltoid. The remainder of the specimen has
either been lost or is too damaged t.o eJ<:hibitany
identifiable surface moxphology. 'llheestimated

\1
J/~;\\\ant'erop\j'l~teriord.iameter at the conoid

.1

13.4 mm.

tubercle is
The estimated superoinferior diameter at

the conoid tubercle is 8.6 mm.

Ii
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approxJmatelymidshaft are: e9.S rom
o

.(supero- inferior), 012.3 mm (anteroposter.ior).

The total length of the fragm.e!lt is 97.9 ,mm.. The
-r> <

sigmoid cuz'va truz-e of the spe,cimen is moderately

pronounced and scores a curvature value of 3 - 4
1/

'on the authors g:';:l!le (see Figure ) .

u

7.3.:1..2.3

A.L. 333-94

(left cl..avicular fragment (Fi( iEl 62})

(Lovejoy et: ai., 1~l8?b)

This is pt teft lateral clavicle fragmetit that

is 51.2 mm i!.n l,ength and includes part of the

inferior"surf'.ace, trapezoid lil'le and !origin of

deltoid. T~e remainder of the speoime~has

either been l()st or is too damaged to exhibit any

identif iable lsurfaee morphology. The estimated

anteroposter~or diameter at the oo~pid tUbercle is

13.4 mm, The es t Lmar ed su:peroi.nfe~±:or diameter at

the conoid t.ubercle is 8.6 mm.
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7.3.1 .. 2 f)

'the Humeri

'7,.3.1 .• 3.1

A.It. 28S"1::r

A" L • 288,;- 1m
/

(left p.r:oximul humerus; right humern s (Figures 63

& (:)4»

('1'axep et: al. I 1975; Johanson et: ell. i 1982 j

fragment comprised of two separate pieces. The

proximal end is badly damagftd and the art:l.cular

surface o.f the head only preserves the central

p'brtion.., MOSt of the, If'..:sser tubercJ.e and a

portion of the greater tubercle are present. The

superior part o·f the intertubercular' groove

appears undist.orted. JClhanson et: aJ. < (1932)

report that moat, of the, meaningful mo:cp17,ological

detail has beel:\ lost i:q. tb.e head iteg:Lon.

Reconstructed length of this specimeri haS been

reported as 236.8 mm. 0

The A.• t... :,288-1:r:' humerus (Figure (:)3) is

better pre~erved in . \s proximal part. It is



\,

comprisf3d of approximately the superior one-third

of the humerus. The articular surface of the

head" is almost completely preserved but has :been

damaged by compression distaJ71y and has bL.Jn

displaced posteromedially. This compression has

not appare.ntly 0.1tered t.ne mediol.ateral diameter

o.f the head and this is recorded as 31..1 mm,

Anteroposterior diameter of the head must be

~:timated due to the compression damage and this

Ls recorded as 026. e by the author frqm a cast.
(.I.

The .resulting humeral head index is 86.2%'.

The anatomical neck of A.L. 288-1:r is damageci

by internal expansion. The intertubercular

sulcus has been badly damaged and meaauzements are

not possible. The lesser and greater tuberCles

of t~e head az e both damaged and .their surfaCt~

mQrphology Qbscu:t'ed. However I it does c",notappear,:,

that they would have projected over the articular

su:r.faoe of the he,ad of the humerus.

7.3.1.3.2

A.I.. 333.-87

(left proximal humeral shaft (~igure 6~)

(Lovejoy at a1., 198ib)
\1,
\\
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A badly weal;:heredproximal "sha.ftof a left ')
i'·)
(__)

humerus that is missim.g the articular head. The
specimen is extremely robust with what appears. to
be a deep intertubercular groove. A small
portion of the greater tubercle is preserved '·and,

this exbibits a depressed area for ths attaohment
of the infraspinatus muscle. Only a small
lateral part of the lesser tubercle is preserved.
The total length of the specimen is ~49.~ mm.

7.3,'1 .•3.3

A.I.. 333·,107

(:p:ightproximal humerus (F.igure 67))

(Lovejoy et al., ~982h)

This spe~imen()is the proximal one- third of a
~~~UB~ right bumerus. It has a relatively well
preserved ~ead but the shaft is in poor condition
due to exfoliation of the surface and generalised
fracturing of the bone. It has a d~ep and wide
i.ntertube:r'culargroove (minimul1'lintertubercular
width = c7.9 mm).

"
There is a large ridge for

the at t.aohment; of the teres maj or muscle, The
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greater tuberole )ies appJ::-oximately1.0 mm below 0

the most superior point of the humeraJ..head.
'there is a large circular depression on the
posterior surface of this tubercle for the
,insert.ion of the infraspina~us muscle. The
attachmE;lntarea for the teres minor muscle is seen
as a sm,lL boss just inferior and posterior ~o

jJ
'~//this depression.

The total length of the specimen is 128.2 mm.
Mediola,teral aad diameter is 39.5 mm ,

Anteroposterior head diameter is c34.0mllt.

Mediolateral shaft width at the distal point of
breakage is cSQ.Omm. Anteroposterior width at
the same point is C29.5 rom.

7.3.1.3.4

(right humeral shaft (Figure S6})

(Lovejoy at al.~ 1982b)

This specimen is the right shaft of an
extremely robust humerus . The specimen is
broken proximally j.ust below the anatiomfca),neck,
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and distally just past nd,d~shaft. The total
length of the specimen ~Ls c138.0 mm, Only t.he
distal part 6£ the int~rtubercular groove is
preserved. The grooV(e runs distalJ;y from the
superior point. of breakage for apprpximately 60.0

mm , Al though the groove is wide. (c s.. 5 rom)tit is
apparen.tJ,;Ynot very de.ep. There is a strong ridge
on the medial side of the groove that is
presumably for the attachment of the teres major

()

muscle.

The deltoid tUberosity is massive and
pronounced, lyin!~ some 99. Q mm front the proximal
point of breakage.
junction is seen a£ a rugosity just~posterior and

\
\

inferior to the deltoid tUberosity. \adst below
this point j the shaft 'makes, what ~f'1ge~~rsto be a
medii:!-l"(retro) flexion of appro:>cimatc:lly10 Q • The
cortex of the specimen is ex.t.~eme~ythick
distally. 'J."hespec:j.menie ...:ved medially over
its whole length, possessing a distinct flattening

,
'iof e~lemedial surfaCe from ju's.tbelow the surg:i.ca,].

neck.
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7.4

Specimens Referred to Homo babili..s

7.4.1

Description

7.4 .. 1.1.

Th$ Clavicle

7.4.1.j: ..1,

OB 48

(left clavicle (Figure 70)

This specimen is a left clavicl~ from FLKNNI

at Olduvai Gorge. It lackS both the medial and

lateral. ends. The clavicular fragment is C130.0

mmin length. The midshaft anteroposterior

diameter is 14.8 mmand tile supe r o- inferior

diameter is 1.0.7 mm. Measurements at thE\ most

medial po Lnt; of breaka')e are: 22.2 mm

(anteroposterior) f 22.4 mm (superb-inferior), C3.0

mm (averaae cortical bone t.hLckrre ss , range 2.4-3. ~~..

mm). Measurements at. tl1:~ lateral point of

breakage are: c16. 8 mm (anteroposterio.r), and 10~.2

mm (aupez o- inferio·r) I c2.1 mm (average cortical

bone thickness, range 2.0 - 2.4 mm).
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Tllespecimen presents pronounced sigmoid
curvature and it thus scores a 5 on this author1s
scal,$. Oxnard (J.9 69) has reported the angle of

torsion of the OS - 48 clavicle at 520 - 600•

7 ..5

Specime~Referred to Robust Australopithecine.

7.5.1

De Be r ip. t. ions

7' • .5 • 1.J.

The Humeri

7.5.1.1.1

OMO 11 ~ - 2118

(left proximal humerus (~igl.re 71)
(Senut, J.978)

c'

-This specimen is the head and proximal shaft
of a left humerus. The head of the specimen
is well preserved with parts of both the greater
and lesser tubercles preserved. The specimen has
been damaged along the supt~rior part of the
articular surface, where cancen Lou s bone has been
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reve~led. 'I'hereis a1so some damage along the
anterior and posterior rim of·the articular
surface ,that has given the head a somewhat ovoid
appeara.nce. The lateral part of the greater
tubezcLe has been rnostly removed, but this damage
has not"~~scured the size of the tubercle, nor the
superior az-eas of "Inn,sicleinsertions. r.be

\\,\
\\

0)specimen has been b~6ken across the shaft just
below the surgical neck. A narrow fossilization

(I
crack ru~s from the greater tubercle inferiqrIY\~o
the most distal point of breakage. Numerous
other fossilization cracks are found on the shaft,
but none appears to have distorted the specimen to
any noticeable degree; There is approximately
115.0 mm of shaft preserved below the head.
Total length of the damaged specimen is 0147.0 mm.

On inspection,
I'

the head appears irregular in
shape, but; this impression is due mostly to the

articular surface. The mediolateral head ti,

damage along the inferoposterior rim of the

diameter is c40. 7 mm , t he an'teroposteri "head

284

diameter C38. 0 rom. Both tIlegreats!.'and less
tubercles are pronounced, and thtetop Q:f t'he



greater tubercle lies C4. 0 rom below the "top of

t-he hunle\~al head.. "On the greater tubercle, the
\ ;

" '\",..t.i. ,,', iareas o,.eJ.nsert:l.ons for the infraspinatgs and

teres minor muscles are rugose. There is a

considerable antEfFior "projection of the tUbercle

at the level of insertion of the tereS mu'sele,
I, i

'i /i

The lesser tubercle is br.oad. ~;he ins'ertion ~fea))

of suos capu Lar Ls into the tubercle is seen as a '~

series of pits and fiss·ures along the length of
I:

the tubercle. The intertubercular greave is wide

at its most superior point (c8.0 m~). The

ata.chment: ,area of pectoralis !~ajbr :f~f'ms an
~ J '. ~

overlapping ridge'> along the :r;jldst".§.rio~:;{d~e.o f the

groove as it blend.s supe~(~orliY with the crest of

the greater tubercle. The insertion area of

teres maj6r forms a bulbous ridge along the crest

ot the lesser tubercle that runs some 52:0 I\'1n:t

inferiorly from. the lesser tuber~le. !n tIle

floor ~f thA intertubercular groove a ioughened

area indicates the i.nsertion a rea of the

lat.issimus dorsi muscle.

On the auterior face of the shaftf c52.0 mm

bel.ow the greater tubercle, .~!:l an extremely r obus t
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i)
area of or~gin for the lateral head of the triceps

b:t.'achii. ThiEl, .area of origin cont1Ih{{¢ for
.,
II

»
. '" . (/

cbO. 0 inre.~i.orly to the infetl:,j_o:tr.brea:K- of the

shaft.
V:~J

The shaft J.S relatively stra'1ght.,

e:lchibiting little curvature in atl1\\di~~ection. oue

t(:> the general rugosity of the muscle attachmen,ts
:/'

01:: the specimen, t.he humerus must have belonged to

an extremely robust individual.
ii

't.5.1.1.2

KNMnER 739

(right humerus (Figure 69)

(IJeakey et: al., 1~)72)

This specimen is most of the shaft and

trochlea. O\f. a large right humerus missing the head.

and a small part of the proximal shaft. The

specimen has been'assigned to the genus

Atlstralopithecus by several authorS (R.E.F.

Lea.key, 1972; Leakey et: eL, 1971; MCHenry, 1973;

Day and. ~.E.F. Leakey, 1974; Day, :1.976). The

account that follows. is takeii'\\aJ.rnost wholly from
\
'.

t" .," ' , _,j"the original de~crJ.ptJ.on by '1:1'eakeyet al. (:1.971).
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The specimen is 0310.0 mm in length. Thl~;, .

shaft is gently curved along its entire lengtJ:i\.
~j

it haa been described as trial'lgular in

cxos s- section lh its pJ."oximal, two thirds" becoming, . U

\1~he intertubercularovoid 2n its distal third.
\\

r , \1

su Lcu s or'ests a,t\iewell develop~\d. 'rhe minimum
II. Ii

\)". . _ _ \',; _ _ _ .: _ _ !i
width of the int~~rtubercular sti,llcus is 0'10.0 mm,

~ ~
1\

'rhld!\,ins~'rtion a~l\ea ,of j~he c;Lati'~\ISimus dorsi muscle
o (I \.

IS represented blr a slight rough\ntng o.f the floor
II

"of j;!'he sulcus. ~~he irlsertion arel\'a ,of, the
[ "'.: ': ~,

pectoralis maj~r\\}nuSOl€! is promin~\nt, and ;is
i\ \\
',, ., \'visible as a. st*,o.ng~.ydeveloped cr~\st thq,t may be

regcl,rde.d as a "distal cont.Lnue.t Lcn of the cres'c of

'Th;epectoralis crest

diStally meets t~e deltoid iropre,sion some 167.0

mmproximal to the most d~stal p3rt of the

trochlea.

287



fi
I)

C)

The l?unet:iQ:n.al Mo.rphology of the Austra.lop:l. t::bectJ.s

arri.cIJtJ.us ShouldeX' Gi.rdle

7.6.1
c

The Seapula

n

The total Mbrpholbgical pat~ern exhibited by
r ' c

the ity afric:a.nlls scapular fragments is different
Iifrom that observed in any modern hominoid

speaies. However, all the specimens exhibit
individual features that are either pongid or
humanlike whilst they also retain primitive
anthropoid features in certain characters.

Below, the discus.sion of the A. af!r:/.canl.1.s

scapu Lae is divided into two paJ;"'bs:fi:t:'stlyI the
glenoid area, head a;-1 spine and secondly I the
body of the scapula.
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l\

7.6.1.1

')
~ u
',,~h.e Stw 162 and Sts 7 scapular fragments are

the only two A. afrioanus specimens that possess

oomparable glenoid, he.ad and spine regions.

These specimens are most similar in s,-7-zeto /che

scapulae of humans, chimpanzees and female

orang ...utans and are smaller than the scapu Lae of

male orang-utan, and gorillas. Both specimens are

oonsidera]?ly larger than thOSe of the hYlobatids.

One Sf the most striking features of the sts

'7 scapu.La, to whj.oh ConsidE~rable fUnctional

morphological Lmpc r t anc e has been attached, is

tha:c the glenoid oavity of Sea "1' is longer and

mor-e narrow than one might expect; in the scapulae

Of modern African apes and humans {Robinson,

197~; Senut .. 1978; Vrba, 1979}. The gl~:moid

index of sts 7 (e60.0t) indicates a glenoid

cavity bree'jtll. to length relationship which is

mo ab 1i1<.1.-)that observed in modern orang-utan

(Figu~e 54 and Table 6). The pre4icted value of

o60,Ot plaoes the glenoid index value of Sta 7 at
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least one standard deviation below the mean index

valu.e recorded for all horninoidS save for
cz

orang-utans and. male hylobatids. Thus, regarding
,)

the Observed glenoid index values, the speoies

with the most comparable glenoi.d cavity shape to

ste 7 is the orang""utan but ste 7· s glenoid index

fits within the sample ranges of all the hominoid

species examined by the author.

The perceived very lo:W'glenoid index va Lue

observed in St,s 7 has led several woiiters to
~:

associate this specimen's glenoid morpholdgy vdth

possible adaptat;;ions :fOl:' arboreal Climbing or

even brachiation behaviQur (Robinson, 1972; Vrba,

1979). However, it ils imti)ortant to his~.p.light

several features in this specime~ that indicate

that the lat ter of t.hese (':.wosuggestions' is

unl.ikely. Second~ Y» 'it~ is important to highlight

that sta 7 is not in fact as low in its glenoid

index value, in relation to modern hominoids, as

has been thought.

AS discussed in deta:i.l in. Chapter 6, modern

hominoid species exhibit an extremely wide range
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"<

of observed variation in glenoid index values
" ,.~', '0 "(Table 6 and Figure 33). "The glenoid index value
calCulated for Sts 7 fallS just with~n the lowest

sampie range obseI"ved'Jfor this index in all extant
hominoid species save for siamangs and female
gorillas (although admittedly only just below the
lowest index value, observed in the latte)....).
However, the calculated mean index values for the
data collected by tihLs author are in almost every
case skewad and may not be considered tOlbe
representative of the central tendencies of the
data. The calculated weighted mea.ns fOr the data.
move the central tend~ncies of the human and
gorilla data f..urther from the sts·, index value.

; .

Nevertheless, the weighted meana (Tabla 6) do not
significantly alter the central tendencies of the
data for any of the modern hominoid species.
Therefore, one must concu ude that the Sta 1
glenoid Cavity is in faci extremely narrow
compared to th~ m~an values for modern hominoids.
However, if stw 162 also represents a member of
A. a:fr.iCflI1t1S, it is likely that the narrow glenoid
cavity o£ Sts 7 does not represent the
,;4ust:ralopit:heaus arr:i.aanus ndbrt but rather
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observed variation for thi. species. The glenoid
indek~~lu~ of St. 162 (c70%) is most si~ilar

,
\

to t:q.,oseof modern humans, with the observed
index value for this specimen lying ve'fY close to
the mean index values calculated f01' Homosapiens

and Symphalangus syndactylus (respectively 73.5%

and 73.9%) (Tabl~ 6). Xt is therefore likely that,
with a sample range of 60.0% - '(70.0% (U:=2), the
variation in glenoid cavity length to breadth

1\

{/

ratios in A. africanus is high and that the
narrow glenoid cavity of Sta "'I s;i.mplyrepresents

t\

morp.hology that would be in the lower part of the
range Of observed variation in this species.
Therefore I from the differences ir~,the glenoid
Length to breadth relationships ~etwee~ these two

I'

specimens, one may infer that'l\thesample ,;t::ange
observed in the glenoid index values for A.

l

afrioanus i.snot unlike that observed in all the
modern, large-bodied hominoid species, but is not
as great as that of the highly specialised"
gibbons.

Ii
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/ l\'Iorphological featur.es ·visible on the bet tar

fr±:'verved gJ.enoid cavity Of Sew 16.2 indioate

fu<tther similarities in this;, sped1menl~~s

architecture with that of humans. The costal
\\ . '-::

margin notching of the glenoid cavity o.r Stw 162

is ra.~ely observed in the s capua ae of non-human
,;}'

"dYhominoids, but is frequently present in rob\1.,';,

human scapul~e (Figu:-:e 32). The presence of a

pronounced notch on the costal margin of the human

glenoid cavity ha~3l:)'een explaine'!:l by F'ahlstrom

(1981) as indicating a robust and enlarged

humeral Les sez" tupercle. This;i.s ptes,p,mably
Ii

because an enlarged subs capu.Laz-Le au tache s to a

greater area of le~ser tubercle surface. In

addition, the increased notchihgOf the coscal

glenoid eavity margin may indicate a general

enla.rgement of the mass of the subscapularis

muscle and its investing bursa, since the soft

tissues of this muscle artd its bursa pass near and

press upon the costal edge o~ the glenoid rim.

The reSUlting muscular stresses may be impressed

at or near theil-" point of passage (Fahlstrom,

1981). Sirtce the lesser tubercles of all the
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Ii

:;\humeri from St·erkfontein are ve:c~trobust do
not rise above the artict~lqr surfaces of
humeral heads, the glenoid margin tiotchinryin
St.W 162 may ~;Lndicateexpansion Of the
.subscapularis muscl!?:::::to "the degree fourld in modern
humans <,

The artiq,\llarsurfaces of the gllj~n.oidcavities
of both sta '1 and sew 162 are considerably flatter
than those of ~odern.humans, being most simil~r to
those of extant apes. Churchill and 'rrinkaus
(1991~ p.1S2) have "fouud that Neandertal scapulae
also ~have significantly flatt~r articular
surfaces than that fOund in modern bumatisu. To
these aubhors, this ':featureindicates a greater
f·reedcm of movement at the glenohumeral j oint in
this archaic form of l1omo sap:Len.s than is found
in modern humans. However, it may also indicate
some loss of structural stability 'at the joint.
The glenoid cavity depth indeX in the Sts 7
scapula (?S.7%) taIls just within one ~tandard
deviation of the meal1 observed in Churchill and
Trinkaus's sample of ~eandertal scapulae (8.4% ±

1.9, n • 16) but outside one standard deviation
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from the mean of th~ modern human sample (12".0%±

1'.6, n = 99) • ltiCOtttrast, ~he gleno~d d~pth
iIkgex calculated for Stw 162 (?:3. 9~d falls oJitside,,
the lower limit s Of variation for modern !ll,J:fuans

-;

and ,~~eanderr:als,'\beingmost similar to t.qie
Irr / ,. . "

observed means in Orang-utan.

If one were to consider the shallow glenoid
cavity alone, one might surmise that the
glenohumeral joint of Stw 162 possessed a higher
degree of freedom of movement, but inherently less
structural stability than is provided by the
deeper glenOid 'cavity articular surfaces Of
modez'n humans. Thus, the glenohumeral jOint
would be more prone to dislooation. However,
combined with the flatter articular surface Of Stw
162, there is a wid(3 and ·robust area of attachment
for the glenoid Labrum that is more,\\pronounced

than the labral attachment observed in most modern
apes and humans.' Xt is probable that this
enlargement of the glenOid labrum attachment area
may be directly associated with an enlargement of
the whole labrum (Ferrari, 1990).
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As the glenoid labrum is an important
\,\stabiliser in the rotat.or cuff, its enlargement

w.ould most likely act as a defence agaihst
exiernal disl.ocating forces (Hewell ,and Gr.Ui.~;let,
1989s,b). Therefere, whereas there ii ~n ~ncreased
likeliheod .ofthe stw 162 sheulder suffering
disle9ati.on .of the glen9hum.eral jeint due te the
gleneid cavi ty IS shallew depth, the enlarg,ed
glen.oid labrum. weuld most pr,ebably comperrsat.efer
the reduc.ed structural st;:.ability .ofthe j oLnt;
surface by previding adgitienal s.oft tissue
suppoz t.. To this author r this highly mob i.Le , but,
structurally stabie j.oint surface seems .0

ind±cate adaptati.ons tewards stresses that might
be enceuntered during activ~ties which require
weight suppert as well as a high degree .offreedem
.ofm.ovement at the \glenehumeral jeint.since there
are ne medern hemin.oid speCies kn0o/n te this
author that cembine flatt.ened articular surfaces
wit.h enlarged glene,id labra, it is difficult to
assocLat.ethis feature ""rithany single benavd our ,
altheugh this auther is tempted to associate Such

a combinatien .offea.tures generally with
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\
'\\\
11 ," d'adapta,t.l.ons to the stresses encountere du:r~ng

tree-climbfng activities.
I;

In her ~979 examination Of the st.s '1 scapula,

Vrba noted the presence of a npronounced

costolateral tu:erercular expansion" in the s.upe:r:ior

part of the glenOid cavity 'of Sts 7 I which She

named the I'pafaglenoid tubercle" (Vrba, 1979, p.

118) and thi)) author confirms the presence of this

feature. since the superior part ot: t.he glenoid

cavity of Stw 162 is damaged, the autiu.)l: is unable

to discern whether th~B specimen also possessed a

paraglenoid\\ tubercle.

does not post~ess such a f'~~ture. Howeyer, in,

individual great ape scapulae it is not uncommon,

to find a tubercle which is similar in shape and

for.m to the tubercle observed in Ste 7. Whilst

Vrba do~~ not attempt to explain the presence of

this tubercle in ste 7, one possible explanation,

presen.ts itself to this auth6r. It ::Lssuggested

that enlargement of the long head of the biceps

muscle, which has its tendinous origiri) at, the

supraglenoid tubercle, a.ccompanied by an enlarge~

superior glenohumeral ligament, may be responsible
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for the presence of this pa:r;aglenoidtubercle.
\1'

In ap.~scapulae where these tubercles are
\{) .itobserved, the~r presence is tYPJ.oally accompanied

by an enlargement of the attachment area of the
glenoid labrum (on the glenoid cavity arti.cular

"surface) 'as well as a relat!ive enlargement of the
supraglenoid tubercle. In add i.c Lon , in these
sf,'E:'!cimensthere is typically a widening and
deepening of the bicipital groove. In
combination, these features may indicate that the
presence of a paraglenoid tubercle provides
evidence for thickening of the superior
glenohumeral ligament as well as enlargement of
the longi head of biceps.

Since the superior glenohtlrrtera:i.ligament I

w'llenacting with the anterior capsule of the
shoulder helps to restrain external rotation and
stabilise the glenohUmeral joint as a whole
(Ferrari, 1990), an enlarged superior glenohUmeral
ligament, if it were present in the Sts'

shoulder, should have acted as an added stabiliser
for the rotator cuff. However, it shouLd be no t ed
that in monkeys, an enlarged supraglenoid tubercle
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has been shown to limit the degree to which the

humerus can move upwarc:l in the glenoiFi ~,a.vity,
".-,

since the tube~t'cle wedges into the intertubercular

groove on th:3 humeX'us (Ciochon and. corruccini,

1976). ;,Regardlesf;>, of whether the paraglenq~d

tubercle observed j,'1'1 sta '1 is in fact an
i'l

at trachrderit; for an :~'~'llarged gfertohum.eral ligament,
>;,

this tubet'cle must have placed some res't,rictions

in movement on the htimeral head ~~.~thin the glenoi~

cavity. In particular ,} contact with the humeral

head would have occurred whE?1 tl:le arm was, 'raised

above the head and moved post(:''''iorly, a

Ii,\\ functional restriction which :1,,(3 mo s t; pz:6bably

unacceptable in the s capu La of a. p:rachiator. This

alone implies that the superior glenoid !(l(.'rpholo9Y

of sts 7 was not adapted to this specialised form

of locomotion.

Of the two Sterkfontein scapulae, the

infraglenoid tubercle of Sts 7 may be considered

the more ape-like in morphology. It is elongate

and transversely thin and is ,t',hl1.s most similar in

appearance to the infraglenoid tubercles/b~/~rved

in the scapulae of gorillas f chilnpanzees and
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c:

female orang-utans' and least Ifke those observ1id. . if

in modern humans. There i9 a small protuberance

just dorsolateral. to the infraglenoid tubercle of

Sts 7 which Vrba {1979, p.ll9} thought was a

\ "postmortem deformation". I{owever I as the long

head of the triceps bJ:"aghii musc Le often continues

its ar-e'a of attachment dorsally Ln. extant

homino'j.ds (see Chapt'er 5) lit is possible that

this protuberance in Sts 7 is simply an extension'!

of the. area of origin. of the triceps muscle.

In contrast to the morJj'h.ology of' ii1e infraglenoid

tubercle in See 1, the infraglenoid tubercle of

stw lG2 is most similar in shape and form to those
!

of modern humans, being bulbous and large relative

to glen.oid cavity size (Plate la). These·

differences maybe associated with the more

robust features of fjt":w 16,2 and could be Gtccounted
;/'

for if stw 162 repres, l'ltsd a male scapula and,/Sts

7 was from a small male or female. !n addft~on I

ons may observe that infraglenoid tubercle

mor'i;rhology is highlY variable amongst homf.noLds

and simila.r tubercle morphology may be found in

numerous individual ape scapulae. Therefore the

differences in infraglenoid tuber~le morphology
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between the two sterkfontein ~capulae may not be

specificdlly diagnostic and probably simply

refLect individual variation within a species.

While there are overall similarities in the

structure of the glenoid ar~a between A. arricanus

and modern hominoids, the sample of A. Ifl.fric:anus

shares at least one important feature with the

mozrepronograde cercopd thecids. The difference

concerns the relative length of the scapular :heck.

,,[,hetwo scapulae of A. afric:anus possess a

collum scapulae which is more similar in length

and morphology to those of the c:ercopithecids
(l

than it is to those of modern hominoids. This

feature is be~t demonstrated when one plots the

glenoid cavity length and breadth against that

of the spinoglenoid notch depth. When comparedj

the spinoglenoid notCh depth values for both Sts 7

and Stw 162 '~all below ths expected values

observed in hominoid scapulae possessing similar
,

glenoid dimensions (Figures 34, 35 'and 36). In

faCt, the spinoglenoid notch depth values of both

fossil specimens fall at the lowest extreme, or

outside, the observ~d range of variation fO:i~'this
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measur~~ment in medium and J~a.rge sized extant

homd.ncd.da , Thus, both the fossil scapulae
','

attributed to A. a:eriaal!lUS possess shortened

scapular necks at the eJp'inoglenoid notch

relative to those of moo/ern hominoid species.

IJ:'herelati.onships of glenoid dimensions to

scapular neck length expressed in Figures 34" and
35 indicate that the A. a:fricanus s(~apular

specimens possess ana t.omd.caL relatipn'~,hips which
,>
~\\.

lie between those of mode:r,-napes and q1.tad~upedal
\,

\\
monkeys. In fact, for t~is relationshiP~ Gte 7

},
II

plQts outside the total ob se r-ved plot of t't1:tiJ:;;:~,

((
\\
I.,

relationship irt any .extant group exa~ined by

this author. Quantitatively, the outlying plotted

po,!sition in Sea "I is due to this specimen IS

re.latively narro'\.'l glenoid cavity. The narrow

gl~noid cavity serves to compound the effects of

an absolutely shallOW spinoglenoid notch. In

the same an;atomical region, stw 162 shares with

Ste 7 a similar mc)rphological relation.sni p.

However, the plotted values for stw 162 fall

just within the observed plot for modern humans,

but outside the plotted variation of all other
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extant hominoids (Figure 34), The plo,tted values

f''or bot~ fossil specimens lie between the lines of

fregression, Jnd '(Ivj..thinthe observed Variation in
~(
'~~

values, of hom"inoid and cercopithecoid scapulau.

The apparently shol!cened scapular neck in A.

afrioanus is, in its metrical relatiClnships, at

least as similar to those of cp.'l.adrupedal monkeys

as it is to ap~s (Figure 3-5).' This may indicate
1\

functional ad.aptations in the scapular head reg-io'n

of A. aft."ica.nus shared with quadrupedal forms I or

possibly a retained feature from ,an ancest;:,ral,

pronograde form. However, c~e may not exclude the

" po~&ibility that this feature is an autoapomorphy

;pf A. a.x'rio8.nus. This au chuz' acknowledges that it

may b"'l <found that oth~r extant primate sp eo.Les not
J"
v-.

e~:.amined in th.l3!present study may possess such
;.:/

skeletal r,elat i.nIlships in their s capu Lae,

However I there az-e, no e:x:tant.\ species known to

this autho~ that possess such features in

combination with the other hominoid charactert

cbserv~d in the 4.. a.fr:i.aanU$ ~capulae.

A possibly- important mOr}:.\ological difference

between. Sw,s 7 and, St'W'162 is that the
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1,1;
«(

architecture of the scapular head area of the St.
;'1

/11162 scapula ~s more robust than the same region in
ste 7. Whereas the \thole of the\ Ste 7 scapula
is relatively gracile in architr;;cture, 1;. (\

St. 162. is
more robust. Given the differences in glenoid

1\size between these J:.woscapulae, the differe.nces
j

betwe~n th ..are in keeping with ate '7being
either a small ~ale or a female ~nd St. 162 male.
However, S1);s7 was recovered in association with a
"large ... ,heavilY worn mandible n of what was
perceived to be an "old .. ad~lt male"
australopithecine (Broom and Schepers, 1941). It
has been assumed that the postcranial bones ~elong
to the same individual as the mandible and the
former were also considered to be male (Robinson,
1972) .

On the other hand, as we have seen, the
scapula of ste 7 is far more gracile and
femal-e-like than stw 1!i2. This seeming
contradiction raises severa],..questions: has the
mandible, in fact, been misidentified as male?
Do;es the mandible belong to the same individual as
.~he other bones? Is more than one species
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:t:.epresentedby the samp.le? Is.the Sts 7 a slender
\1..

male in contrast with the more robust male stw

162? The latter suggestion is supported by the
//

rel?ltively smaller absolute dimensions of the ~ts
7 specimen when contrasted with those of Stw 162
but more so by the recen.t re.covery.of very large
cranial specimens from Sterkfo~tein (Tobias, ~989;
Tohiast in press) , Thus, the Sta 7 scapula may
in fact be that of a sI.!allermale A. africartu$, .or
that of a ve=y large female.

The suggestion of a "second species" in the
Member 4 sample hd.salso been raised by Clarke
(1985) but confirmation of thid awaits more
detailed analysiS (Clarke, in preparation) and the
recovery of associated cranial and postcranial
elements.

The partially intact coracoid of ata 7 is the
only coracoid process t.ohave .been recov&red from
an australopithecine. vrba (1979, p. 1~2), after
preparation of the specimen, discovered that,
contrary to the previous opinion that the coracoid
process was comp Le t.e (Broom and Robinson, 1950;
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Campbe:q\l 1966; Robinson, 1972i Robertsf 1974.;

Ciochon and Corruccini, 1976), ~rJ.'fact lithe tip as,.

well. as bone dor:solateral to the tip I are

missing" . Man'y functional i!l}erpretations of the

sta 7 ~capu,la have been based on the assumption

that the coracoid was complete, ~nd its shape

!Iunique amongst all primat-es" (Ciochon and

Corruccini, 1976). However, most ,functional

interpre,tations based on coracoid shape that were

mad~ before Vrba's cleaning of th~S specimen are

incorrect due to her revelation of substant£al

damage to this area.

Vrba (1979, p.122), examining the cleaned Sts

7 Bp~cimen. concludss that the coracoid of this

specimen

ncould well have extended significantly

(per)J.aps by 10. 0 (JlIJJl) in an

i1lrerolat:eral d.J..:r:ect:i.oD. from the broken

pronounced tban those seen ill other

modern b.om:1noids".
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This author corrcurs witb,Vrpa that indeed th~.
coracoid of St;s7 is bro~en and would have
extended inferola"terally. Unfortunately, the
present writer is una.ble to reproducE::Nrba t S

i/

results and; predict the distap,;·ce:)llecoracoid
might have projected over the~glenoid cavity.
However, based solely on qualitative observati.ons,

('

one may"hold. that the surviving coracoici fragment
of Sts ·7 is larger than one would expect in a
hominoi.d scapula of comparable size. As Ciochon
and Corruccini (:1.979,p. 80) nate, the coracoid
fragment nis triangular in shape with the apex at
its most medial extent and a broader:.:edDa;seat its
most lateral extent II , Whereas this morphology is
not typical of the QQracoid in orang-utanst it is
fairly similar to the same region in modern
humans, chimpanzees and gorillas.

This author finds no basis for the claim that. ,

the "small slivers Of in-situ bone" that "curv_
from t~e superior surface onto the lateral edgell,
are indicative of "little laterally extending
bone II as VrPa (1979, p. 12:4) suggests. The most
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,::::'

I;-,

'II
\\

which this awthor may asce:r:tJin from these small

slivers of bone is that thJ'e was indeed some
()' c

lateral extension of the .cor3coid prior' to damage

and this indicates that the lateral extension ..of
I;:: < , __

the c6racoid would have been greater than that 1.1

vV'hichis present.ly observed. in the fossil

specimen. Unfortunately, this information alone

'is functionally and taxonomically of littllS' value.
\_;

Vrba (191~)also concludes that the

pronolJJ),ced tubelC..cle, which is located at the

highest par of the coracoid fragment of Sts '7, is

ho.mol.o9'ou.~'lTith the point of attachment of the"

conoid lig~roent, an interpretation with which th~';

author agrees ... then suggests that the conoid

attachment in sts 7 differs from those of the

extCl,nt pongids in "laCking a pronounced dorsal

pJ.:'oj~!jtion (Vrba, 1979, p. 122). :rt is likely

that in Sts 7 the ~oracoclavicular ligament~ of

which the conoid ligament is a part, was more

similar to thoSe of modern humans than to those of

modern pongids. 'rhis humanlike orientation may

be related to upright posture in A. africcUlUS

since both components of the coracoclavicular
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ligaPl""an.t;b:i.ndthe clavicle to t,hefscapula and thus
,,'~,

ndicate, to some degre<=, the position of the
clavicle in ,+-",e,latio,nt~~t.hatof the thorax:. The

more dorsally projefti~g tUbercles that are
observed in the scr.puLae =.:pongids are consonant
with the d:i.fferentposition of the clavicle on the
thorax in animals that pr1actise terrestrial
qUadrupedal ism. In addition, the conoid ligament
is considered to be part of the major support
str-uct.ur-es of the superior part of th,f!

Q~enohumeral j S>i!3;~ in.humans. In partl it i~ forr

this reason that vrba (1079) has suggested that
the enlargement of the conoid ligament may be due
to a general enlargement of the upper limbs of A.

arri,rCanus. Thus Vrba associates the observed
similarities in orientation of this tubercle
between A. arr:ican.us and modern humans with the
similarities in forces which the shoulders of the
two forms encounter as terrestrial bipeds.

\\

In contrast to the above finding, Vrba (1979)

"assesses that the two components of coracoid,

curvature in the sts 7 scapula are more comparable
to the condition found in extant pongids and
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difzer decidedly from the condition found in

modern humans .. Inde~d( the angle. between the

lpng ax;ts of tp.e glenoid. cavity and neck of the

coracoid process ct£~'J~?earsto be considerablY

g:r:e.ateri>ha,ri;{ir-~2t,h.e mode rn human scapulae, -iXdmined

in the-i<l;:>resentstudy.
((

In .addition, the coracoid
v;

curvature in Sts 7 appears to exceed the degree

of angulation of the coracoid process in most
\\individual African ape sc/~pulae and is most

similar to that observed~n orang-utans.
If:.,~
'-,_:~~~

:Secall.seof the extreme scoring on the dorsa.l

aspect of the base of the spin'5;,it is difficult

to conf d rrn Vrba' s claim that the. base of the spine

medial to the spinog~enoid notch is usomewhat mOre

thickened than is usual in mode.rn man " (Vrba,

1~79, p. 120). She goes f'urther and explains that

this thickened appearance is due to the "less

sharply angu~ar demarcation between spine and

upper scapular surface". Since there has been a

loss of an indeterminate amount of surface bone on

~oth the superior ~nd lateral aspects of the base

of the spine, it seems to be more like11 that the

apparent thicken:ing of this region is sim.ply a
\\
)\
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GSs of bone surface on thE::superior

and latera.l aspec1\r of the base of the spine. In

addition, much damage has occurred on the superior

and inferior surfaces of the base of the spine,

and along with the loss of bone laterally, this

indicates that the apparent basal thickening in

the specimen is most likely a preservation

phenomenon (what P. V. '.l:'ob:i.asC.alls a taphor.:~'lPic

feature) I and not a morphol(."Igical feature. In

contrast to that of the Sts 7 spe'e:imen, the ',base

of the spine of Stw 162 is ~'.xt~emely"robust and

we1-l defined. The angle bet~'re€it1t.he"·.ae.Ckof the

scapula and the base of the spi\ne is wide At the

point of dorsal breakage the spine has not started

its lateral curve over the ·gleribid.cavity. The

general appearance of the base of the spine of

stw 162 is most like that in modern humans.

From Broom's (1950) plate and illu~tratidn of

the SIts 7 scapula ('Broom et: al., 19'$0, Plate 2 and

Figure 9), it appears that the acromi.pn f:tagment

was nearly complete. unfortunately, some t';Lrne

after the I,'ecov;eryof the specimen by BrOL\rn;i.n

1947, but prior to 1965 when the rest of the St. 7
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scapula was again carefully examined, the acz-omdon

has b~\e;t lost CRobins~n, t~72). Robinson, Vrha

(19,79 )"(:;andthe present! auth~;r: have searcNea
:"-V \\\ .. .~l

extenSi~\elY through the fO'$s11 collections of tb,e
;-_l

Transvaar.Museuin for the misfiring fragment to ~o
:~'

avail. F01'7tunately r a photoll!lF,raphof the Sts 1

sp:ecimen, s ill encased .d.n~7itrixl but clearly

showing the ±'P:tact acr-omd on s a~':pea::-s in the 1950'
\

/?

monograph (Brc>omet 4'11. I 19S0>'\"i{ From this plate

Vrba (1979) surmises that t rie acdlmion of Ste 7
\ '
'i. I

proj ect.s IIwell o~~er the gleriy.i.a:·:ca'(1 ty as it does

in other liominoide,a '", Further, she notes that the

acromion appaars ~~pass over the glerioid rim at. ./
1 l'

approximately th'Er't\lidpoint of the glerwid cavity.

Thi,s morpho199Y would be expected 11"1,.the\ scapulae
:,1

of all :modern hominoid,s and arboreal mOr\keys,

but; it is unli,k.e the posi.tion of' the acrom:L.'onin

more terrestrial primates~

i··,

BroomIS pla'te of see 7 Indicates that as t.he

acromion passed laterally oV~:\lrthe rim of the

glenoid cavity, it flared out into a fanlike}

shape. This fan shape appears to represent part

of the base of the uhead" of the acr omdon . The
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ba.se fragm.ent is largest cranially, which. makes
\\

the whole acromion fragment a.ppear to be
orientatecf superiorly. If one assumes that the
lateral projection of the acromion fragment
visible in Broom's (19SU) plate represents the

(Joriginal lateral edge .of the Sts 7 acromion
process, then the acromion does not project as far
laterally as is found in modern humanpt gorillas

1\
and chimpanzees I but is more similar ~''Q, the

Ii
condition found Jih orang-utans. HoweVer, there
apparently is damage to the superior edge o'iiVthe
adromion whioh indicates ~hat there waa probably

1[··
lsome additional c.ranial continuation of the, . . . . '. - - - - u

acromial head, a .Eeat}ureshared by all extant
homino:i.ds.

The axillospinal angle can\lot be estimated in
the new Sterlcfontein scapula. :aoweverI much

discussion ~s been published on the prObable
axillospinal angle of the sts 7 sp$cimen <boon,
1962; Campbell, 1966; Oxnard, 1968a; Robinson,
1972; Vrba, 1979). In particu2ar, Vrba. (1979, p.
120) notes that
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":ttl sp:J.te or the dama.ge wb:l eb ails '7' has

, f;bs t place1iJent ""and ori.en ta tio;D. o£ tlle

spine :l.n ,tb.:i.s s'pec:1.~ell (Sea 7) .may bave

COD.d:l.t:l.oZ! in Homo sapiell~n.

un:eorti1nately, two important qualifiers limit t,he

importance of the estimated axillospi~al angle

value ill ste 7. First, the observed ranges of

values for this angle in extant homilloid species

overlap consid.erably (Coon, 1962; ,Ashton et; al. ,

19(5), and in most cases include th_ total range
,/;"

of values between 70 and 30~ that have been
Ii ' "c"':',,,,,,c"l(

estimated for this angle in Sts" (Co9n, :1.962;

Oxnard, :1.968; Vrba, :1.,9 7.9) . Secondly, due to

"the high variability in th~ position of the medial

continuation of the spine of the scapula and the

caudal corrcLnuatid on of the axillary margin of the

scapula in extfP·\t. hC''ninoids, estimations of this

angle .in a specimen as fragxnsntary as S";S 7 ar.e

beset wiih a high margiu of error.
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NeverthelG~S, only one of the ~cientists who
has examined the sts 7 scapula has predicted a

value for the ax'illos,t?inalang~e outside the
(.\

extant hominoid range of variation: Robinson
(1972).1 who estimal.',.esa value of 7 degrees on the.

, );-

specimen. After repeated,attempts at ~stimat.i~g
the possible range of values for this angle, this
author finds it.difficult to accept such a loW
value for the axillospinal angle in this specimen.

:Bearing in mind the qUalifiers mentioned in the,
previous paragraph. it ~eems reasonable to infer
that the,axillospinal angle would not ,:havefalle.n
below approximately 15° and not above 30°, figures
that fall we.ll within modern hominoid variation.
This author's "best guess" fOr the angle would

approximate that of Vrba (1979), namely 027 0

7.6.1.2

The A~:i.l1ary Margin and Body of the Sca.pu~ ..~

Only two specimens, sts 1 and Stw 431 have
SUfficient axillary margin parts preserved to
warrant comparison. Of these two, the stw 43i
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scapula fragment is most important because it
possess the only complete australo:r;d.thec:i,na,
axillary margin and inferior ang~e ~n the entire

"

l?lio-l?leistoc~ne £0$si1 hominid record. Although
its r.elative size is difficult to coIl.1.parewithout
a preserved glenoid cavity, the specimen compares
most Closely in size and.robustness to the
scapular axill$.ry margins of adul t female ''''
c]:t'impanzeesand orang-utans observed by the
author.

Compared to human scapular a::!Cil1Cl.rymargins I

that of Sew 4.1:1. is absolutely v'e.rylong. n: one
accepts the most superior point oJ:damage as
representing a point just be l.owthe glenoid cavity
(i.e.' the superior point wher'evthe greatest
length of the axillary margin is m.easured), then
the absolute 10ng~h of the ~xillary margin (143.0

rom) lies in the upper 20%' of the observed
variation in adult ~ale modern humans (Table zof.

In a.ddition, the·,axillary marg.in length of the
specimen falls within one standard deviation Of

the mean axillary margin lengths observed in
female chimpanzees and female or(;Lrtg~utans.
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'1'he expanded arr;as of attachment for t:.he

origin of the triceps muscle .Ln poLh Ste "}'and stw
.,'.1

431 are':?i(;lpelike in morp'lllOlogy, since in ,humans the

origin oJ; the long head 0·£ tr1.ceps is usual.ly
, \ l,_

) "':-;';

coni\ne~,~ to the inf:t:'aglenoid tubercle. Thus /
',- ,1 •

,
the ..A. a:frica.Ilus shoulder was most probably

capable of powerful adduction of the humerus and

powerful ex.tension at the elbOW, abilities

required by climbing primates. In addition, the

expanded origin of this muscle is indicative of

increased support of the whole shOUlder joint ·from

below.

Since n~ glenOid, cavity is preserved in Stw

431, tone axilldglelloid angle cannot be detEl1.~mined.

Uot'lever~ the Sts 7 scapula preserves sufficient

axillary margin below the glenoid cavit,y for

estimate~ of this angle to be made. AS Vrba

(1979) pointed out, the exact position of. the

axillary arm Of the B:x:illog1enoid angle of Gte 7

cannot be positively known. Nevertheless,

numerous attempts have been made to estimate the

axil,loglenoid angle of the specimen by proj ecting
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a line through the missing inferior angle and
producing a Ubsst guess" a.xis (Cam~bell, 1966,
oxnardl 19b8a; RClbinson, 1972; Vrba, 1979). The
most recent estimate of 1200 ha.sbeen made by Vrba"
(1.979).,afterpreparation of the axillary margin.

This author's estimate of the sts 7
~.j '_', .

a.xilloglenoid angle agree: ,:10ge1ywith her best
'..J: -"."

guess Of 120 Q , Compared to the values observed '.i

in modern humans these values a.revery low and
place Ste 7's axilloglenoid value clcse to the
lower limit of the observed values of modern
humanl:!but within the ranges observed for extant
great apes (Figure 68 and Table 12), If the c1200
estimate is correct, the g~enoid cavity o£ sts 7
is oriented more cranially than has been observed
in modern humans, However, it must be cautioned
that the range of observed values for the
axilloglenoid angle in modern hu~a.ns is extensive~
!f the ste '7 scapula'S original a.xilloglenoid
angle was estimated at only 1° greater, then its
value t"1ouldfa.ll into the lower limit of')observed
range of variation in modern human scapulae. The
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low a:x:illoglenoid angle" i9, sts 7 indicates a more
ii _/:11

ape/iikeI cra:q.iallyorientated glenoid cavity.
/' -

I!
i:

Thi;s feabu\re has been associated with ape.$ which
/;

hal~ituallY 'USe their arms in a raised po$ition
'Idu/king climbi.ng a,ctivic'ies (Oxnard, 1963).
II ,II iTh\~refo:q=,one ~;laysurmise that at least in this

j:
,. - - IIfeature, Ithe stiS 7 scapula is most similar to the

scapular morphoiogies ob~erved in :mooern great
apes.

Amongst all e,arly hcminids r only stw 431.
~'--

pr:eserJes the distal one third of the axillary
margin and the inferior angle~ The slight costal
curvature, which increases as one ~oves disBally
along the axillary margin of the Stw 431 scapula,
indicates it lay qp a gently curving thorax and

'1\

was probably posid\oned most similarly on the
thorax to the scapulae of hominoids.

The exact inferior angle value for Stw 431
cannot be measured since the medial margin has
been lost. However, the angle doeS not appear to
be as narrow as is observed in chimpanzees,
orang~utans and gorIllas, nOr as broad as that
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(\ .ol:merved in quadrup"edal monkeys, being xnos.t
C'

similar to the inferior angles of mcde rn humans.
The ranges g:E values /which re.present this author 's
Ifb,estg.uessesii, for reconstruction Q:E the infer~,crr
anSlle of stw 431 are ill1,1stratedon.the specimen

"in Figu.re 57. While this awthor aGknowl.edges
that these are only estimates, the maximum and
minimum values do illustrate the apparently very
wide, human-like inferior angle possessed by
this specimen (Figure 56). The wide inferior
angles. observed in human scapulae are most
probably as~ociated with the enlarg~ment of the
subscapularis muscle. In addition, the enlarged
area wbuld provide a larger area fo'3:'the
attachment of serratus anterior, a muscle whose
enlargement is associated with maintaining the
po si.cLon of the scapula em an er_ect thorax.

Despite the relative gracility of the Stw 431
specimen, all the observable muscle att.achment
areas are very rugose. Judging by the posit:j..on
and size of the various muscle attachments that
are visible on the specimen, the Stw 431 scapula
shares some similarities with apes but a majority
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Of its muscular attachments appear most similar in
po.si'tion.,shape and. form to those of humans.
Ho'WElver,one e;cception is that the att'1pnment area
Of the teres ma.jO.L:c muscle ne az the i'!lferiorangle

,
, 'is more similar 'Lna.ppeat:~nce and pOSitioning

to those of apes. In shape and form "it is most
comparable to the at.t.achment; areas; of this mus cle
observ"ed .Ln male ohimpanzees and male gorillas. and
is least similar to those observed in orang-utans

and hylobatids. 7'he'a\\tachrnent area for this
muscle is qertainly por.;;itionedmore 9ranially
than one would expect in the scapula of a modern
human. In addition, the exPansion. of the
axill9;ry margin at the area of attachment of the
teres maj Or muscle, to the degree observed in the
St:w 431 scapula, is rarely observed, in tt\.e
scapulae of humans yet is commonly ol~sel."'vedin
those of apes.

It has been est;ablished that in chimpanzees,
teres major is actively involved i.n assisting the
lowering of the forelimb during the first half of
the swing phase d.uring pendular arm-swinging, as

well as providing propulsive power during the
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second hal. f. of pendular ar-m-swinging (Jungers and
~

Stern" :t984j Larson and stern, 1986;' see alSo

Chapter 5 this study). 'l'herefore, the n

,~-.._ . tJ
'-~

simili~rity of t;",lis mus.cLe I s position and size. . . ~ in
)''''.,

.,'/" . ,'"
may indi<,tat.e some

(J

form of habitual arm- swqi'nging .or .suspensory

behaviour that ):..ras pract:L'sed b1l" the sew 431

individual.

The sub s capu La r Ls muscle was large and

, strongly affixed to the scapula in stw 431, as 'Ls

evidenced by the rugose muscu.lar lines of
[1

attachment visible on the costal' surface of the

inferior angle. As Subscapularis reaches its

largest size in humans, and more commonLy leaves

large, muscular lines of attachment in this group

than any other, the muscle's position and size at

the scapular attachment was probably most similar

no the condition observed in modern humans. The

likely reason for the probable enlargem~nt of the

subscapularis muscle in A. a£ricanus has already

been discussed.
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in stw 4.31, the attachment area. of se;;ra.t'lls
maqnus .Ln the infero.most PArt of the anterior

:' }

surface of the inferior angle does not appear to

be confined to the apex of the inferior angle and

i.sthus pos.itionE;dmore sf,milarly to those
observed in humans than to .those in aF..es. This
sug.gests that this muscle was acti169"in st.w 431
as it does in humans, most notably to assist in
the support the aoapuLa on an erect thorax (See
Chapter 5) •

7.6.1.3

Synopsis

Desp~te Day's (1978) assertion that the sta 7
scapuLa is "anatomically inadequate and too poorly
preserved for meaningful interpretation of the
mode of locomotion for which it is adapted", there
are certainly important morphOlogical features
which are preserved and observable in the
specimen which indicate that the sta '7 individual
was probably using its upper limbs in ways very

different from modern homino:l.ds. Furthermore,
with the addition of the new A. arricanus scapular
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spe cf.mens from Member 4, greater light is shed C),P-
\~
'\the mOJ:'ph.Ologyof this specie's'c sc~pUla and for

the first time, intraspecies morPl:l0logical

interpretatio.ns may be made. The data presented

in this section indicate that there are numerous

structural converge'nces in the A. a£ri..aarius

scapular anatomy ,witf~ the extant \Homin.oidea;
\,'
-.

there are also sig'niff.~.ant d.:Lverger1ces fraro. the

total ttlprpho1ogical p'att~j:.t~.\1xhibited by modern

nom.Lno Lde.,

The comb i.na t.Lon of morphological features·

associated with orthograde~osture with features

suggestive Of arboreal beh$.:viour
, ':\ imply to this

author that t.h e A. a:fricaIlUs scapular morphology

is not incompatible witl1 that ~'hich might be

observed in a non-specializ~d climber, although

One.which practiced behaviou:c tha involved

arm-swinging or suspension. It is improbable

that the combined morphologie:s of the spe(,~imens

indicate adaptations towards any form of habitual

pronograde or quadrupedal loco~otion,or of

specialised brachiation.
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.The morphologies of th~ sc?pular specimens
"\ '

irtdicate that the .:11. africanus Shoulc{er shares "

more similar characters with
c. ... \

modern hUmal'lsand

or'c'mg...utans than it does with African pongids or

gibbnns. The "rnqrphologies of the A, .arr.ioanus

gleuoid caviti~s )\as well as the interpretations I.)f

the soft tissue ass.oeiated. with the 'J'lertohumeral

join!;:'s mobility and stability, are most similar

to, but not idento.cal with, those of humans.

In combination wi·th the features assoc,iated with
';"-.1/-

L/
a high degree of mobility~ the scapula of A.

africanus also p<ilssesses powerful adductors and

abductors of the arm, which are. ',?st, ai?elike in

morphology. In Clontrast to these upp~'\rently

apelike ohaz ac t ez s of the soft tissues, several

mu.scuLo skeLet.a L jceatures whi(jh, are I in humans,

associated 1l:Tithf~upport 01: the s~~apula on an erect

thorax, are preslent in the A. africanus scapula.

In particular, the apparent enlargement of the

subscapu k az Ls muscLe in both St:w 162 and Stw 431

implies in these apec Lmens that this muscle was

adapted to exert~ng and resisting forces on an

upright: thorax in ways. very similar to that of

modern humaJ'ls.
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\1,I

However, the 11. afri cenus scapula cannot be
considered simply a .combj,naticm of orang-utan,

gene:r-alisea.ape and human morpholog'ies as it is
additionally unique in its combined morphology by

pos\'sess.ingfeatures in the scapular neck region
which one might consider convergent with
adaptations observed only in pronograde primates.
One is tempted to associate the relatively

shortened scapular neck exbibited by both, stw 162

and sts 7 t·lith t.hi:!pr~/:t(arilyuni ...direct ional.
prOl'lograde

quadrupedal!drn, where stresses are passed through
the s!7apular neck. '.rhus,one might infer that.
the presence of this feature in the scapulae of A.

af:r:1callus indicates that the head of the scapula
is either adapted to receiv~ug stresses ia

similar ways to those of prit ,s ~hat practise
pronograde forms of locomotion or, more plausibly,

has retained char-ac t era from an ancestor that
practised Some form of pronograde or palmigrade
locomotor behaviour. Since the remainder of the

scapular morphology, ae well as that of almost
every other postcraxtial area, suggest that the

326



species A. a£ricanus possesses :Clothan erect
t ncz-ax arid was,..a capable biped (Broom and
Schepersv 1946; Robinson, 1963, 1972; Napie:r;',

1963; Walker, 1973; Wood, 1976; Lovejoy, 1918;

Corruccini and McHenry, 1918; Day, 197B; McHenry,

1986; Junger.St 1991; Reed et: al .., 1993.)I then it
\\

see~s like~y t~at fbis species was not practisi~g
\'.

any :form of pronograde locomotion as has been
su,g'gestedby Sal'.nT'iento(pers. comm ij.. it is most

prODa!)le that elie apparently pronograde characters
_0 ~

c'::~;:< -

possessed b:i the A.. africat:ll.1..S Scapulae are

This author would concur with Senut1s (19V~)
and Vrba's (1979) fluggestiorts that the morphology
d~ the sta 7 scapula .is consistent with a more
apelike morphology for ~he whole upper limb of A.

africanu$" The examination ,of the rlew scapular
ma~erial from Sterkfontein sUggests a similar
conclusion to this author. In addition, not only
does the size Of the conoid t:'-6.berclesuggest that

the upper limb was heavier and perhaps longer than
in similarly ~ized humans, as has been suggested
by Vrba (1979), but the the sheer large sizes of
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all of the scapular material attributed to A.

art:iCaIlUS sugge$t upper 11mb p:t"oportions that are

very different front those, of modern humane ,

):n conc Lus Lon, 'the available sqapular

morphological!' evidence suggests t.hat A,

a.fricalll1s was (inot 'Ising nor carrying its uppe~J
~ I #
l'imbs in ,the \,~ameway.!Sas modern hominoid II

:',!

species. 'rhe '~capula of A. a:f:ciaallus does not

to nei"! specialisECi for the locon1oto;r.;"

behaviour of gorillas or chi.mpanzees I nox for

specl.,p.lised ,brachiation, a s ha's been suggested by

O:x:nar"j (196 Sa, 1969) and Campbell (1967). As

'has also been previously s.'uggested (Senut, 197,8 t

vrba I 1918) I the A. a:f:riCcl11Us scapula appe az s

adapted ,'!tow~rds the potential fo:.r climbing and

suspensory behaviour 1 put this must ble a :qehaviou:t'

that is not incompatible with.maintaining a

bipedal posture. The morphology' of the glenoid

area e)f the A. afric:ant~s scapula allows for a

high degree of freedom of movement, yet it appe ar s

to maj,ntain a high degree of strtlct'l.\ral stabi].i t:::v

th:tOUsrh the soft tissltas of the rotator cuff.

7,6.2
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The clavicle

The Stw 431 clavicular fragmeht ai;:>pearsto

possess a relatively low degree. of sigmoid
curvature, being more Similar to th,S= same region

;::1

observed in chimpanzees and oJ::'ang-utansthan it is;-1/ " . ...... .'. \\' " ,'-

to similarly sized human clavicles. The cross
section proflle at mid-shaft is anteroposteriorly
flatt~ned but .relative1y broad super6;.inferiorly

and maY.be cons;i.deretlmore a1'elike Mian human' ike.

The deltoid mUSCle seems to have been
enlarged in the individual and attached more
similarly to those observed in ohimpanzees a:nd
some pronograde monkeys. However, without more
complete specimens the functional implications of
this position±ng are at present uDcleai. The
strongly projecting tubercle of what appears to be
the area of attachment of the coracocla~ticula:r:

"

ligament, indicates a strong contact between the

clavicle and sca~ula. This feature is more

f..:equentlyobderv~d in t:n~ clavicles Of apes,
li

wheradislocating forces are at their highest
during suspensory behaviour and thus may be
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ass ocLacad "dt.h an emphasis on climbing.

R0wevert it is cautioned. that. a pr.oIlounoed conoid

tubercle is not unknown in humans and in these

instances has not been reported to be associ~.ted

with any unusual behaviour (see Chap!,er 4) •

In summaryI whit'st fragmentary, the Stw 431

clavicle is /ltto:Ueapel ike in its total

morphological pat~~rn.
{,

In fact, it.: bears l:Lttle

resemblance to any human.clav'icle and may be
c-

considered to exhibit definite adaptations towards

tree ..c],imbing behaviour.

7. (;.3

Al:L three of the humeral specimens referred"to
.'\\1\
:\A. africanu$ are very Similar in sise, being

metri.cq,lly most comparable to tl:1.eproxilnal humeri

of adult male humans, male chi.mpanzees and female

orang~ut,ans. The specimens are also relative.ly

robust. However, it is impossible to apply a

classical r~busticit~ inde¥ to these specimens

since in only the sta 7 humerus is there aome
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shaft preServed and this is very fragmented.

Rowevert as 11J'ith the s6apular material associated
,)

wit.h this spec.ies, it. may be surmised that the

P.umeral specimens are surprisin:gly large given

CUl\\rent weight and statu)::e recQtl"'truct.ions for A.
"

afriaanp.s (see Hartwig -Sch.e.:t'erI :1.993 for a recent

review of this subj e.ct) .

Both Stw 51.,7 and Ste 7 pOSSE~SS very round.ed

articular sur.faces that are most comparable to

those of hUmans, ora:Q.g-utans and gibbons (Table

15 and Figu.re sa). Alone, this feature indicate,s
i

that ).1. a£riaanus possessed a ~ligh d-egree of

freedom of movement at the glenohumeral joint

However, as is true for a flattened glenoid

cavity articular surface, a more rounded; bulbous
~\

humeral head offer\"~ less neck area. for: the

attachment of the capSUle of the shOUlder joint.

Thus in a. humerus possessing a rounded head,

stabiliLy and security in the joint are traded, to

aome degree, for a high degree of freedom of

movement dt the glenohumeral joint
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A.1.t.houghonly two specimens I Sta '1 and Sew

32S( possess even a portion of the superior part

of the greater tubercle, ned the!!!'spe.cimen at-pea:t:'s
to have either a greater or lesser tubercle that
extends higher than the articular surface of the
humerus. In this res.pect the}, are very ulllike.the
hU)Jv~'ral hea.ds of modern quadrupeds arid most
similar to those of the e~tant llominoidea. In

addition, in .eacn of the spe.c Lmerrs, both the
greater and les~er tubercles are very robust
re~ative to overa.ll size, a condition observed

,::_-,

most frequently in hominoids. Among hominoids,

this is due primarily to the increased attachment
needs of the enlarged short scapalar muscles iQ
shoulder joints whicb are required to withstand
multi~directional dislocating force. The
relative size of the at.t achmerrt.sat the bume ra
tubercles of these so Called short scapular

muscles has been associated with the stabilisation
of the glenohumeral joint (Ashton and Oxnard,
1963; Robinson, 1972). Therefore, one may infer
that the soft tissues that surrounded the head of
the humerus in A. a:fricall.u~~ acted as powerful
stabilisers for the Whole joint. It.is
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unfortunate that it is not possible tQ :tnfer any
greater functional detail from this region due to
the damage to this area found in all the

available speoimens.

TO judge by the width of the intertub$r.cular
groove of Stw 328, the bioeps brachii muscle and
associated tendinous sheath were robust and
similar in size to those of extant hominoids.
Both Stw $17 and Sts 7 possess intertubercular

\)

grooves! }hich ~~e broad and ~eep being Similar in
\ .I

relative size to those of African hominoids but
not to orang~utans and s:l,;~m~ngs. One may thus

infer that, as in most modern great apes, A.
africanus possessed an enlarged biceps brachii

muscle" The enlargement of this muscle in apes

has been associated with an increased ability to
flex and to supinate the forearm powerfully whilst
preventing dislocation of the humeral head from
the glenoid cavity by acting as a powerful
stabiliseI' of the joint (Basrnajian and De Luea,
1985; Larson and Stern, 1985). Howeverf the,
muscle was not developed in the A. atricanbs

scapula to the degree obserVed in orang-utans.
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This .indicates to this author that .ithe A.

afr;1canus shoulder was most probabl.y noc adapted

to .withs,tanding the powerful disloc~ating forces

enco1.lntere.d durir.l.9' brachiation.

7.6.3.1

synopsis

The proximal humeral. specimenrs referred to A.

africanus do not exhibit em exc Lns Lve suite Of

morphological features that would cl.a8si£y them as

being adapted for any s1ngle I r(~cogn.izable ..fc;rm of

lOcomotion, as practised by mo(~ern horninoid;s. In

addition, it may be ascertained that A.

africaIlU$ possesses proximal. ht).Ineral heads t1hat
i\

dif~er little in their mo~phologies from tho~e of

extant. hominoids in the permitted range of

shoulder movements and are most similar to the

rounded, very mobile joints possessed by

or.ang-utans, gibbons and humans ..

All the short muscle attachments at: the head

of the A. afJ::J..canus humerus are robust implying a

great deal of structural stability in the
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glE!nohumer~J joint. 'l,'hi$emphasis on stability in
-;. . ,

the 11. af:).~:j.canus glenohumeral j oint. is a
\J

ch,aracte.ristic of the j oLn.t.sof non- human
hom'inoids and is almost cert'a:l:nlyrelated to thel
requireme.fttsof resisting dislocation forces
.;dur:i.ngclimbing behav·.iottr.

The author's ability to make fUrther
functional conclusions is extremely limited by the

"

fragme.ntary natruze of the humeral apac Lrnerra . This
author findS little that the Morphology of the new
sterkfout:.einhumeral specimens add to Robinson's

{~912} functional mO~~hological assessment Df the
A. af:x."icanus humerus based solely on the sts·7

humeral fragment '. In short, Robinson concludes
that the morphology of the A. afri.ca.nus humerus
allows free ranging shoulder movement, but this

is combined with well-d~~eloped stabilising
muscles and thus may indicate adaptations to
:arboreal behaviour.
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7.6.4

Inte:r:prj:~t;.ation. Of the 'l'ot.al Fundtiona:t Morphology

of the

With the addition of the new Sterkfol'l.tein

shoulO_6:t' girdle e l.emezrts attributable to :\)L

affri oenue, we are gi.loser than ever berore \!.to

developin,g a modal s'pecd es cm.pdel of this

anatomical region. Based s~lely on the

morphology of Sts ~, it is understandable that

many early researchers have conc;;t.uded tha~<. .it.

africanus was performing some form of speC!ialised

locomotor behaviour such as brachiation, that

might be equated to a modern a,pe, analogue

(Campbell r 1967; oxnaz-d , 1968; Roberts, 1972)

vrba, 1979). :However, with the inclusion of the

new fossil material from sterkfbntein, as well as

the present re - analysis' of the stiS 7 materia?, a
::'~~c;~,-: -r,

clearer picture of the funct ional lt1lo\11-~",I !))gy d"f
',~" ,~. . . \i

Ii
the A. a:fri aenu s shoulder girdle is revealed. ii

i'
Ii
!1

From these new data it may be asceriained that~the

A. Ci:frioanus shoul<ie--::_:::~does not appear to be~-/,_..
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specialised towards any recognised fox'mof uPl)er

limb dependent locomotion, nor towards frontal
"body manipulative behaviour as perfo;~me<1by modern~,

humana , The ,A. \af:t;icanus shoulder girdles I., \,

apparent capahili\'tiesare incompatible neither
))

"'''·dthsome fOr!}}all norr-specialised climbill&\ I' ',) -,-"\;

behaviour, nor with the flexibility of movement

that characterises orthograde I e:cect pOJ3ture,

although, in the latter instance, not identical

to that practised by modern humans.

\As has been suggested by Vrba (1979) I ?ne is
\'

tempt~d to conclude that the bones of t1+e

.~houlder girdle of A. a:fr:i.cCit:lUs were positioned

on the thorax more s~milarly to those of extant

apes rather than to those of modern humane, sdnce
'.' . ..". ..' . !J.. • 'the skeletal elements pos~ess such ap~11~e

features as a low ax±lloglenoid angle, a long

axillary margin, a lateral; Y posd.t Lorred conoid

ligament and a clavicle that exhibits a low degree

of sigmoid curvature. However, without a

complete clavicle and acromion process from A.

a:fricenus it is difficult to assess whether the

shortened scapular neck would have affected the
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position of the glenoid cavd cv on t.het.hoz-ax, It- .' !J

is Plausible that the whole shoulder girdle Wa,$

oriented qui te :Laterally on >:Fhethorax .as in

modern humans and quadrupeds, in order to

facilitate free-ranging movement at the shoulder,

but the f£nal answer to this question wili h&ve to

await the discovery of further, more compl~te

specimens.

The ph~siGally large size of the A.

africa:nus shoulder girdle fO$silS, combined with

the observation that these elements shape many

similar muscle att<B.ohments with extant apes,

LndLc ate to this ;;;lthor that A.. africaIl;~;;swas

most likely practisins some form of arboreal,

upper limb dependertt Locomo t Lcn that is not the

same as any upper limb dependent behaviour

practised by modern non~human hominoidS. In

addition, the new material supports the

suggestions of Senu~ (1978) and Vrba (1979) that

in size alone, the upper limbs of A. africa:nu$

we:r:emore robust and probably longer than those of

comparably sized modern huma~s.
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Combined with the ().ppa'l:."entlya;~~borea..llY'

oriented upper limb dependent modeJof locomotion

that t.his author suggests :Eor JL cl''frir:::a.nus, at

appears that A. a#ricanus was al.s e a fully
capable bJ..ped.', albeit ,practising bipedalism which

waS diffe·;r,ent from that currently practisElid by

modern humans. The relat:ive.ly sC~lr~\e pelvic and

lower limb material from Sterkfontein and

Mak.ap~nsl~at seems to imply that P... aft"lcanus was a
l)\J

capab Le , facultative biped (Broom et: al. I 1950;

Robinson~ 1963, 1972; Napier, 19"3; La Gros Clark,
1971; W: 1978; LovejOy, 1978; Day, 1978;

JUngE'r~ir 1982; Mclienry, 1:986; Reed et: ea., 1993).

'rhus one may ii~fer t.:Lat A. a:fricanus was a

functionally capable biped, which additionally

practised capable arboreal behaviour involving
Elxtensive use of the upper limbs to bear weight

and provide active force during Climbing. In
nther words, it was a a generalized
arr"lreal/terrestria.l 'b:!.pedprobably as capabl(;;1of
climbing in trees as of bipedal'activities on the

ground.

Generalized Climbing behaviour as part of a

locomotor repertoire ror A •. arricanus bas already



b~en suggested by $enut (1978) and Vrba (1(79).

Whilst slow clin1.bing or vertical climbing

beha'\}iour, as sqggested by Sarmiento (:t$S5) and

Hunt (1~90)for australopithecines, are plausible

modes of Lccomotidcn for A. afr.ioa12t1S, without

modern a,nalogues an interpretation of thE~exact

form of arboreal locomotion practised by A.

a:frioanus rema;Lns rpe oul at.Lve . The question ,~f

whether the above~described shoulder girdle

morphology precludes use of the foralimk) in

precise, manipulative activities, such as are

required for s·;tone tooJ. manufacture seems to have

been a.ddressed by Ricklan and Tobias (in l?ress) I

who find that the A. africanus hand appears well

sui ted to manipulative behaviOUr of preci.sion

levels equal to the requirements of a stone tool

culture and to u greater degree than is possessed

by modern apes.

Finally, given the currently suggested stature

reconst:ruct.,ion for A. afrioanus, the observations

made in the present study indicate that A.

africanUB pOSGeS51ed very large shoulder gi.fdl.e
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complexes for th&ir proposed he~ghts ~nd weights

(s~e Hartwig-Scherer, 1993 I for a review) . The

A. a:fricanlls shoulder girdle.s, are mo:r:e similar</ . .',(

in size to those of large male humans, male

..:;. chinlpatl,..zees an.d female orang-utans than they are

intermediat~ in size between .chimpan~ees' and

hgmans t 'as has been suggested by other postcraflial (1

elements {Broom et: al. ( 19150.; McHen.ry, 1.988;

Jungers, 1988; Reed et: al., '1993), This may

indicate different upper.-body t~o lowel; "-ldy size\ ·'u
relat:ioX1Ships than have been previously proposed

(MCHenry, <,,1.98'8; Jungers, 1988).
'iAS has b~en

suggested by Hart:y,lg-Scherer (+993) I weight

reconstructions for A. africanus that have been

based solely On human stature ~Qdels are almo~t

certainly inaccurate. Meldels that use ape ttpper ...

to lower-body size rela.tionships may be more

app Ld cab Le, but must be used 'If:ith some restraint

since there are no living, bipedal, n~n-human

hominoids to intlude in the model.

There are few observahle size differences

between the A. a,i5rical1us 8119ulder girdle s,pecimens

that might suggest a degree Qf sexual di,morphistn
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that is any greater than that observed in modern fj

humans. However, several authors have r~centlY
()

noted in other postcranial bones, as well ~s in

the crania, that the sexual dimol:phism present; :fiI

this 'species may have been moz e equivalent to, or·
c

() u

greater tihan , that observed in mode:r:'p.cnintpanzees

(Hartwig-Scherer, 1993; ReE!d..et: a1.·, 1'993 etc.).

G

Qriemay t.hus conclude t.hat; there are no

f~.at.ures observable Ln should;::pJ.;;\girdle. specimens

that originate from Sterkfontein MemberA that
f . . . . .. .. 1;1poa.nt; to a greater degree C)f morphological

dive;rsity tl1an one would expect in a sh1!gle

modern hominoid species.

(I
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7.7

The )~U:nctioll.al Mc,\rphology of the A. ;f',rsrens3.s

ShoUlder Girdle

The DCapula

1.7.1

In size, the A.LQ 288-1L scapula is emly
sl:i2.htly larger in all metrical dimensions than.
the scapulae of gibbons and smaller than even the
smallest female human specimens obs~t'ved in the
present study. Whilst admittedly fragmentary, it
p9,ssesses sevleral intriguing anatomical features
that indicate convergence with both ape and human
mo:r.phclogy. However., one may infer th~tt the A.
L. 2S8-1L scapular morphology is unique when
contrasted with that of the modern'HOminoidea.

The glenoid cavity may be described as

67.5% and 70.8%- calc~1.ated for the glenoid index

generalised in its lllorphology. The values of

(Senut~; 1978; Johanson et al., 1982) fall within

one st~ndard deviation Of the means of the
values calculated for the entire extant hominoid
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series, save for the orang-utans ('I'a,ble 6 and

Figure 54). However, the es''fi~at~d values are

within the range Of variation of the values

observed for the latter species. The calculated

glenoid index value for A.I. .. 288-11 is therefo~e

of little taxonomic or functional value since it
fallS at a point of extreme overlap of the

observed values fo~ the hominoid series.

;l\Tevertheless ,ane may infer that the glenoid

avity shape possessed by A.L. 288-11 was not

restrictive and would have offered a high degree

of freedom of movement at the glenohumeral joint.

All the attachment areas for the stabilising

muscles of thiS rotator cuff that are discernible

on the sPE:,cimen are robust. 'rhe s".1.praglenoid

tub"'~'cle . s ~lt;rongly developed, most probably

:Lr..dic<~ting t.hat the long head of biceps was \'1ell

developed at its area Of attachment. The.

attachment area for the glenoid labrum is

pronounced wherev~r visible. As the size of the

glenoi~ labrum attachment area may be directly

relate/d tQ a general enl,argement of the wh.ole
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labrum (Ferrari, 1990) and since the aleio~d_, Ii

labrum is also consi.dered to be an important

stabiliser in the rota.tor cuff CRowell and

Galinet, 1988; Chadwick. et: al'.1 1.990; 'E'erra:r:i,
\

l,St·90) I its enlargement in A.~I' 288-11 is most
lik.ely a de£snce against disLocating force in
relation to a large huemral h;ead. Thus the
glenoid cavity articular surface
288-:1.1 presents a morphology that may be described
as generalised when compared to those of extant
hominoids, but which allows a high degree of
freedom Of movement: whilst maintaining structural

l\
\\at the gl~\nohUmeral joint.stability

The glenoid cavlty of A.h~ 288-11 is
orientated more cranially in relation to the line
of the axillary margin than is typically observed
in modern human s . However, aa was noteo. for the
Sts 7 specimen, it must. be strongly caut.ioned that
the range of observed val~es for this
axilloglenoid angle in 'modern humans

Stern and Susman's (1983) and Susman
I
I'

et: \\~l. 's
11
jI

(1985) estimates for the axilloglenoid a.r\gleOf
\ .A.L. 288Ml1, as well as this author'S up~~r
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estimates for it, are within the lower end Of the
calcul,ated range of values for this inde:l<!in

modern human s~apulae (F~gure 6al. Only Sen.t'~
(1978) nbest guesslt of a:r.ound115 degrees for this
angle is outside the range of variation observed.
in moder.n humans. Neverthele.s$, Q.J,l.1the estima.tes
for the axi\lloglenoid angle values of A.L ..288 -11,. .',

a.reclosest to the mean observed in orang-utans
and within the range of variation observed in the
scapulae of both chimpanzees and gorillas.

A low a.:xdlloglenoid angle has been associated
with ape-like behaviour in which the forelimbs are
hahit1.:iallyused
climbing activities (Oxnard, 1963). It is
tempting to infer from this feature of A. L'~ 288 ..1
that )1. ararensis exhibiteq climbi;ng behaviour.

The neck of the scapula of a.,L. 2$8 -11 m.ay be
considered short relative to _~s glenoid cavity
dimensions 't.".hencompared to that observed in
modern~umans and apes (Figure 55). Whilst
admittedly not witrd.n the 95% confidence limits of
the data for any e~tant hominoid, the relative
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neck length is still within the bounds of the
slope repres.ent.:i.ngthe outer limits of the total

range of variation ohserved in the scapulae of
modern hominoids.

BeCause of the ~mall size of the A. afa~ens1s

scapula, ':'t. is difficult:\to assee¢'"the relative
robustna.=:sof the specimen. ao'W~ver, the overall
arahi tecture of the spec:limenmay be described as

omore gracile than one :might expect in even a very
small hlllnanscapulal and is only slightly more

r6bust than ~hose of SimilarlY sized gibbons.
AS overall gracility of architecture is
considered by this author to be a characte~
possessed by the more arboI:'.ea.lmodern groups
(Chapte3:."6), one is tempted to infer\i that this is

also 'true fo·r the A. a:()rensJ.s scapula ..' Rowever I

o~e must be extremely cautious in his

int.erpret;at:t-,onsbased on the apparent gracility of
1\ _ :_..

the A.lJ. 288,.11 scapula. Given the potential
difficulties inherent in assessin~allometric
changes Ln such a small specimen when the only

• . r '

comparable ..sized extant hominoid practises a

highly specialised form of upper limb dependent
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arboreal locomotion., one must approach behavioural
elucidatiOJls with '~ome,caution.

7.7.1.1

synopsis

The available scapular morphology Of A.r: .

arareI1.sis,. based on'the single A.It. 288 ..11
specimen, may be described as unique amongst
modern hominoids, if solely because the specimen
combines extraordinarily small size with
functionally unspecial.ised morphology. Overall,
its morphology is more apelike than humanlike. It
is small When compared to th~' scapulae of mogt
modez-n hominoids I the only exceptions being those
of gibbons and sLamanqa . The low axil·..;ogle;noid
value indicates that the A.,lI. 2&8 -11 scapula was
moat; likely positioned on the thor-axmore
similarly to those of extant apes. The presence of
a glenoid cavity whose surrounding Boft tissues
provide stabilising strength, yet allow a high
d~gree Of mobility, implies an adaptation towards
stress resistance similar to those observed in the

348



(/

c'scapulae 01; modern hominoids that include
~~ree -climtdng in t:b.eir'locomotor repertoire.

7.7.2

The Cla.vicle

The variation. in'''~(fzein the Austra19pi tuiecu«

afarensis Clav~cUlar»$erieS is ex.treme and

emphaSises the ap'pal:'emthigh degree of sexua.t

dimorphism in this· species (:E1'artwig.,SdhererI

1993) • A. x.. 288" 1 is the s.'mallestspecimen in
the series b~ing most simila~ in size to the
clavicl.es of siamangs, and those of the smallest
female humans. The largest clav~cles are the
two specimens from the so-ca~.led II f±;t'stfamilyu,
A.L. 333-94 and A.L. 333-6/9. These specimens
are relatively gracile in build but most similar
in size to those of chimpanBees and female
orang ...utans.

Due to the universally poor p.reservat
the lack of articular ends, th~re is little

functional morphological value which may be
ascertained from the anatomy of these spectimens.
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Hcwever, in generalr the morphological

arohitecv;ure of all the specimens may be described
. 'r",. . . ..

as be~ng l'~.jre apel~ke than humanlike. All the

spe.cimens poaee ss the flattened inferior Surface

and concave supe.rior surface that is more commonly

observed in the clavicles of modern ..uon ..human
c I)

homd.noLds , 'l'he observabl e muscle G/;·tt acnment; are'as

do not differ sign:i.ficantly enough from those

observed in any Of the large bOdied hQminoids to
()

make meaningful functional interpretations. It

may be stated that the sigmoid curvature exhibited

by A.L. 333~6/t is at the law end of normal
{l'll

J
varicrtion for human..clavicles a1hd is m(~§tti··~limilar

to those of chimpanzees I gq;:c:t:J..lasand some

orang-utans.
<\

7.7.2.1

Synopsis

The clavicleS of A. a:fareD$iS appear somewhat

more apelike than humanlike in possessing a

relatively low degree of sigmoid curvature and

super c- inferiorly flattened bodi.es. However, due
()

to the fragmentary nature of ;:-,"eSample, it is
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(I

difficult to make ari'y tneaningful fUl'lctional

statements about; .tl+e specimens.

7.4.4.3

Tbe EUlI\erus

Despite there b~ing more proximal humeraJ

fragments pt'eserved in the v., A.. a:EClre:t1sis spfi'es
""

i .), """" I, , ' ,I(
than in any other eazLy homd.nEd ser~es, th\~ severe

exf-oliation of the bone surfaces, as well as ;"the

fragmentary nature of the humF'ral arti~ular

st.trfaces j make this material of limi ted value for

taxonomic comparisons and functional

interpretations. Nevertheless, several

inte:restj,ng functional interpretati.ons may be made

fr.om the t'W'o specimens th9-t have relatively

intact heads, A.L. 288-1r ~nd A.L. 333-107.

The humeral head index is low in both the

A.L. 299~lr and A~L. 333~107 specimens, being

outside th~ range of the indA~ values .of all the

great apes and sLamanqs cu.~d on!y\~ust within the
((
{J

rallgB of values ()bserved in humans and gibbons

(Pigure 58 and Tabl~ 15)• The index values
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observ,ed in the two Hadar hume.ri are remarkably

similar despite the appreciable size differences

be~ween A.L. 288-1R and A.~. 333*107. This may

indioate thac the long narrow humeral articular

Functionally, one may infer that this feature is

indicative of adaptations to an erect thorax,

s~ace both extant specie. (huQ~n and gibbons)

which exhibit humeral head index values as. low as

tJlOse :cound in A. a:ear.'ensis share the relatively
\f

I:
unique primate locomotor behaviour of not using

any form of guaditl.pedalism in their locpmotor

r~pertoire ('leagle, 1988).

The short muscle at t a.chmencs at the h~\ad of

the A. l':ilrarens.is humeri are t'obust and this

implies st:ruct:.ural stabilitlr in the gleno.humeral

joint. This emphasis on stability in the

gleri\Q\ttu:neraJ. j oint is more a feature of non..human

h01fl.inoidSthe\t are forelimb-dependent climbers and

is most likely related to the requirements of
\.

reSisting disll'Jcation f.l1rces during these

activities.



IJ

The intertubercular sulcus width index
(intertubercular sulcus width I humeral head

breadth x ~QO) indicates that the A.L. 333-107

humerus is most similar I in huny~ral head l:)J~eadth
.'.
~< ~~' ,

to int.ertubercular sulcus wiq.\hhre'la\tionship, to
thos.e of modern humans (Figure 69). However I

I)

the estimated valu~ of 22y9 fo~ this index in the
...

Hadar specimeh falls.withiri one standard deViation
c

of ,)themeans for the o'bserved index va.Lues in all
"

extant homino:i.::Us('l'ablE.~16).

AS reCently demonat.z-at.ed by liartwig-scherer
(1993), the size differenQes between the humeral
elements from the A.t. 333 site and those of
"LUCY" (A~l';,\.Z~8"lL) are extreme. Her multivariate
analyses a! the posteranial bones have indicated,
that if all of these spec.imens l'epresent a singl~~
species and if the- may be considered as
representative of the sexual dimorphism within
that species, then ~he degree of sexual dimorphism
exhibited may be greater than that found in any
.te~tant ape. The humeral speCimen A.L. 333~107
prov~des her most reliable upper weight estimate

of 90kg, whilst the "LUCY" humerus indic~tes a
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body weight Of ar6und 27kg, the latter being
app.roximat~ly one ~third of the fo~mer estimate
tHartwig~ Scherer I 1993).\ ,

'<,:-:_-::::::--;:::

Int(;,!rpretation of the T()t~l Functional
<)

Morph.ological PJ.:.ttern of the
A. a.:fa:reruli.s Shoul del:' cU rdl e

Functional and mo:rphological a.nc;tlyisOf the
Aus tJ:;aiopi ciieatu: a:fa:r:ensis shoulder girdle is
made dif:f'icult.by the very fragmentary nature of

':;.

the fossil shoulder girdle ~aterial as well as the
absence of key skeletal parts. Because there

is only a Single A. afarsnsis soapular specimen~
and the articUlar surfaces of almost every other
Hadar fossil bone examined here are severely

idamaged, it is impossible to develop an ac..I.;.'urate
picture of the total morphologioal and fun~tional·
pattern of the shoulder girdle for this species.

Ne:vert:heless, based on this fragmentary sample,
the total functional morphological pattern of the
A. atarensls shoulder girdle may be described as
generaliSed, being suited to almost any
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non-specialised climbing' behaviour. E[owevert

several features, including the moderately low
axilloglenoid. angle value estimated for'the

~capula, indicate that the functional anatomy of
the A. afarensis shoulder (~9;ttdleis not adapted to

)}

frontal body maniwulative behaviour as is
performed by modern humans. It is equally

,
unlikely that A. a,farensis practised any forni,of
forelimb-dependent quadrupedal locomotion or
specialised braChiation due to the high
axilloglenoid level when compared to modern
gibbons and the low' a:xilloglenoid angle when.

i i' ,compared to mf4keys, as well aa reduced breadth of
the humeral head articular surface. The latter
feature alone may indicate that A. afarensis

pOSSessed adaptations in its glenohumeral joint
to the fr~edom of movement benefits and
restrictions that are di.ctated by an erect thorax.

The evidently strengthened short muscle$ of
the soapu.Lazs-head area whi,':!hare observable in
the ~lpecimens, combined with the overall
robustness of the hum~\ri of the larger A.

afarensis morphotype, also indicate probable
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utU.isation ot the forelimb i.n climbing behaViour,

'This author suspects tm.at the general skeletal

enlargement ~ndicates enlarged mUSCUlature of the
.\'

upper ..1imb .

axilloglenoid angle observed in the scapula and

the reduced sigmoid curvature observed in the~'·

clavicula, il1dicate that the sCCiPular gleno.ird'

cavity faced more superiorly than one woulq

expect ih th~ scapula of a modern human. '1'his

feature alone indicates adaptations :f~r use Of

·the forelimbs in a :ta.ised position as in the more

arboreal apes.

Despite the above-mentioned inClicatio.ns that
U

A.. afa:r:en,sis practised ,,;\capable, arboreal,

upper-limb dependent mode of locomotion, it

appears that this species was also a :ful~y

capable terresltrial b.:i.fJed, albeit one which

practised a form of bipeCl.alism different from that

performed by ~odern humans (Day, 1978; Lovejoy,
;'j

1978; 'l'ardieu/ J.979, 198~, 1983; Johan~bn et: al.,

1982; Jungers, 1982; Jungers and Stern, 1983;

Schmid, 1993, 1991; stern and Su~man, 1983; Sanut

.and'l'ardieu, 1985;.Susman etal., 1995 etc,).
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climbing. AS was suggested for A. afr.i.aallus,

Thus one may infer that A. afarensi.s \'1a8 a
Q 0

functional terrestrial l"~ipedf that also

pr<.... ",J.sed some form of ali'boreal behaviottr

i,nvolving e~tensive us e of the upper limbs fOr

Weight ~bearing during suspen sd.on and for

withstanding active dislocating farcies during

slow climbing behaviour, Or large circumference

vert.ical climbing bebaviour, as suggeste.d by

Sarmiento (19aS) and Runt (1990) for early hominid

locomotor behaviour, are both plausible hypotheaes

for a mode of locomotion for wh.ich the A.

afarensis shoulder girdle is adapted. Regardless

of the exa ct; form of locomotion practised by A.

ararens'.is, based on the observable shOUlder girdle

morphol,t>gy I this au thor concurs wi th;i the pl."evious
"

results of other researCh.era ~lhich concl'4-d;B that

the post~ranial Lo.eomotioz mo:r.,'phology of A.
I,

af~l1."e1'lSis eXhibits a propenei tl' for climbi:r~9' and

probably suspensory behavio1.l1: at's ~!eJ.l as

bipedalism (Senut, 1978, 1980; Tardieu, 1979~

19818 1983; Tuttle, 19a1; Jungers, 1982; Schmid,
/;

1983; Stern and Susman, 1983; SuSrth'a-'Q,It)83;
'.\
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Jungers and stern, 198:3; Senut and 'I'ardieu,1985;

7?sman eta 1 • f 1985) .

The evidence provided bJ{ the p!t\esentanalysis
'./ .' '.'

neither confirms nor rejects the sing;J.especies
~~ . ". i

status of A. a£a1;'£;1:181.s, but the large size
difference in the sample may support a th!:l~l~ lecies
hypothesis. Hbwe7er, whereas the degree of
sexual dimorphism in the ,.Zl.afarel1siS sexies is

1/-'functional anatomy, bu.t thes~i featurer..~may also be

aarge, the humeri o£ both the large and small
morphotyp.es are relatively homogeneous in r . r

considered widespread throughout the hominoid
family. The aame is apparently true :i.nother
postcranial regions and in ~he cramiodental
r.emains referred to this species ('rardieu, 1981 i

Zihlman. 1985; Johanscm et: el , , 1982b; Lovej.qy et:
\ ,;

al., 1982; Seul.l'c,and Tardieu, 1905; Aiello and
Dean, 1990; Hartwig-Saherert 1993), suggesting
that the species possibly e~~ibits greater sexual
dimorphism than is presellt in any extant ape
species with the exception of gor~ll

198~; Zihlman. 198!; Senut and Tardieu, 1985;
Hartwig-Scherer, 1993}.
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7 •.8

Tbe Func.tional :MOrphQlogy of the Homo Hab.1.1:l.s

Shoulder Git'dle

7.8.1

'I'heClavicle

1'heOlduvai clavicular speci:men was originally
described as be.ing :morphologically
indistinguishable from those of :modern Homo

sapiens (Leakey'et. al., 19(4). However,

subsequent evaluations of the specimen have
indicated that th~re may be some .morphological
similarities that.are comparable with modern ape
clavi~ular morphology {Napier, 1965; Oxnard,
1969).

In the positions oe its :muscular :markings th~
specimen does not differ from those of n\qdern man
(Napier, 1965) '. However, oxnard (1969) has noted
that. the angle of torsion of the Ol:t- 48 claviCle

.,

(520 w 600) differs markerlly from the angle
observed in modern man, being most similar to the
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degree of torsion measured in extant ponsids
(Figure 48). This indicates that the relative

(9.egreeof angulation of the clavicle at the
shoulder was more similar to that of modern
nq}l.~humanhomiil.oi~sin being oriented I?mperiorly.

'f

However, as discussed in Chapter 6 (this volume)
the measurement of clavicular torSion is extremely

c-difficult in specimens that lack articular ends
((

and. Oxnard's (1.969) rea!.lts must be viewed in
light of this information ..

7.9
The li'unetional MO:t'phology of the Robust

Auat~alop'theeine Shoulde~ Girdle

7.9.1
The Sumer!

Both the humeral specimens aze large and
robust, being equivalent in size and robustness
to the proximal humeri of male orang-utans, male
modern humans or even small female gerillas.
:tnthe omo humerus I the preserved part of the.
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shaft is st:r:;;l.ightand is most similar in this
i> respe ct;to those of modern humans.

\~

In concra.st I

the Koobi-Fora humerus is massive but it also
_//possesses a great deal of cur-vatune alo."g the
length of the shaft. MCHenry (1973) and Pay
(1978) have pointed out the uniqueness of the
morphology of the ltNM-ER 739 humerus, indicating
that there are no apparent adaptations towards
knuckle-walking in the morphology of the spec Lmen .
However, this author cannot agree with Day's
interpretation that the specimen's ·sheer size
would appear to rule out brachiation .ac an

::-,

habitual form of locomotion" since maTe
orang-utans certainly possess humeri as long and
large as this specimen. In addition, there are
no morphological features observable on the
specimen that would donclusively rule out
arboreal locomotion. Xn fact, the great length
of the specimen, the massive deltoid attachment
area and the hypertrophic appearance of all
muscular markings moat lik.ely'imply some form of

upper-limb dependent behavioural adaptations. It
is worth mentioning that the only other early
hominid fossil hUllleriWhich exhibit such massive
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ben!bing of the shaft and expansion of the deltoid
are the larger specimens at Hadar. The taxonomic

\, )

a.sscc'd.at.Lon of this specimen with the genus
J.lustralopi.theous (R.E.F.L~akey, 1972; R.E.F.Leakey
e~ al~J 197Z; McHenry, ~973; Day, 1978) is valid
since, as bay' (1978) indicated, it almost
certainly exceeds the recognised variation for
humeral mo:r;phologys,e~n in members of the genus

j\

Homo. How~lver, one must be cautious in one 's
taxonomic assignment given the scant fossil record
of the humeri of early members of tb..egenus Homo.

Fu:r;ctionalinterpretation of the articular
head 'j) .", \of the Omo 119 ..'J')':t.8humerus are difficult
du~ to the damage to the anterior surface.
HOWl~v\er,the length to breadth relationship of the
humeral articular surface is most similar to that
observed in modern humans in being long relative
to its breadth (Figure 58). In contrast, the
pronounced lipping of the articular surface over
the infra- articula1? area is most commonly obaez ved
in the humeri of chimpanzees and goni11as,. Th.,e"

, _I

sizes of the lesser and greater tubercles

i.ndicate that the short scapular muscles were
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robust and one may thus infer that the
glenohumeraJ. j oint of this specimen was st.able_
Since the only c.raniodental.('remainsrecovered from
the area in which this specimen was recovered are
of the If robust" australopithecine, A.

aethiopicus (Kimbel and White, 1988), it seems
reasonable to associate this specimen
taxonomically with this group_

7.10

Functional Anatomical and ~volutionary

Relntionships Among tlle Early Fossil Hominidae

Based on the 'rot,'al Morphology of the

Shoulder Ilirdle lUements

Direct comparison of.tiihetwo largest samples
(Sterkfonteift and Hadar) of early hominid fossil
shoulder girdle material is made difficUlt by

relatively small aamp Les and by the genera.lly poor
preservation. Nevertheless, several
morphOlogical areas are preserved in both the two
large samples I as well as in th~:individual
elements from other sit0s, allowing direct
comparisons to be made.
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1:1

Size, Differences" Amo'Jl9'st the A. a£z~3.ca:D.'us and A.

Tables :1.8 and 19 contrast the measurements a.nd

indi~s of the fossil p.ominid scapular glenoid

""cavi d~es of A. 4jf;;ri. cexiu s arid cA. araretJ.si.'IS.
»-:..... ,

'l'h~re are two distihct'\ fi?izes of eazLy p-omiriid
(_,;

(A. It. 288 -lL). While /'\f1e two Sterkfontein

s~')ecimens may be described as belongin-!:i, to medill,m",
'c ". <';. '~

to large-sized hominoids, ch;a ..,A.•:r... 286 .. lL,

specimen is extremely small I heing rou'ghly the

same size as a male hy;lobatid and appro:x:'lmately
(l

25%' smaller than the more gracile (and s"mallest)

of the tn\'o A. afr:iaanus scapulae (Sts 7), If, as

'suspected, sts '1 represents either a small mo.le or

a large :Eemstle )1, af:r::iaa:p.us, and ,1f A..L. 288-1L

were included. within the A. a.fr;ican7.1s sampf.e , the,n

the intrasample size variation would be i:l-round,

30%'.

If one compares the meaauz-ement s of t;""ieheadS
,C:;

of the Sterkfontein 'humeri (sts 1, $tw 328 and StJl~



.~

i/
/

lj

53.2) with thO\re of the Hadar humeri lLL. 333-107

and }\.lJ. 288 - i'-""('~a1Ple 21) , one fin.ds that one is
~ J,

once again able t~7 group the early homf.'nid .
\(\ ,\1,

specimens into la,tge- and small- fJiized hominids.

The, three Sterkfontein humeri are aJ.1 very similar

in sizer to the A.t,l. 333 ...10" humerus and thus'tnay

be grouped 'i10gether as the la1.:ge-j;llzed speOimens,

while the :Lucy humerus (alone) is in the small" >;

group The grass d.itference in size between the

two samples is approximately ;2$!t to 30%.

Hartwig"Sche'r.-er (1993) has compared the

differences in size of all of the individual

po s t e i,anial elements from the A. afaren.s:i.s series I

and has calculated a sexual dimorphism index of

around 3.3 (or an average differel1.Ce in size of

approximately 30% within the s~mple). Thus,

based on the si'2:e of inidividual elements alone,

the Sterkfontein A. afr:i.aanus upper limb material

might be grouped with the larger sized individuals

(in particular the 333 material) of the A.

afarens:i.S series.
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Whilst several authors have raised th.....'
possibility that the ext:r:emesi2!edifferences
observed between the A.L. 288~lL skeleton and the
A. L. 333 samp Le may be so g:r:eatas to pz-ecLude the
two being JErom the same species (e~g. Senut,1980i
Hartwig-Sche;r:er, 1993), at least two studies
('l'obias,1980; Reed et: el , I 1993) have indicated

'.\

that the degree of sexual dimorphism (or size
variation) within the A. a:fricanus sample may be
as great as that observed in an A. afarensis

sample that includes A.L. 288"'1. In addition,
several recently ~ecovered c:r:anialand post cranial
specimens from Sterkfontein Member 4 further
indicate that the sexual dimorphism within A.

africa.nus may be etx:treme. The posSibility must
again be raised that there are two species
represonted within the A.L. 333 I A.L. 288 series,
a larger more ancient (and primitive?) species
reptesented by the A.L. 333 series and a more
gracile (and derived?) species represented by the
A.L ..288 skeleton. One must then also consider.
this possibility for the Sterkfontein assemblage.
However, thiS author would caution the use of size
comparisons within the A. afarensis or A.
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africa-nus sari $S, since, at least for the forme\\::I

the samples are not Chronologically sympatric.

The extreme sizeDvariation observed between
A~L. 288~1 and the A.L~ 333 might not be
representative of the sexual <iimorphism of a
population ot ea:rly hominids but it could
represent the rot~ntial size variation within a
single spec ..es. Certainly a lOt si~e difference
may even be found between the bones o.ftW(1
individual Homo sapiens, a species c(\"\psideredto
be only Ilmode~atelytlsexually

//7.10.2

Discrete Morphological FQatures

In the present study, it was shown that
morphological ·packages· of features could be used
to discriminate between extant hominoid species,
but singular features are nearly useless, sincb
overlap in variation occurs in almost every case.
unfortunately, as mentioned previously, the bone
surfaO,e preservation from Hadar is poor. More
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importantly t howe'ver, "there are few comparable

individual shoulder git'dle fragments preserved

betw'een the two larger variants (A. L. 333 and,

Sterkfontein) I making specific comparisons ir~

difficul t ~o Nevertheles9, ( .ie must consider

whether the total shoulder girdle morpholos;y of

the Sterkfontein, A.I..- 333 and the A.L. 280-1

elements are different enough t.o p~eclt,1.de them

belonging to a single species.

Certainly there are notable differences
C"l')

;J
betweell the morphology o.f the ,~o "rJ. ~ 283 "'11:..elements

and the sterkf6nteiq specimens, but it is uncl~ar

w'hether these are purely allometric differences Or

"thether they are differences related to variation

in function"

the pronounced costal glenoid ntargin notching that

is present ~n the sterkfontein scapUlae, although

this may be a product. of lighter musculature of

the small A.. L :2 a 8..1 hoznd.n i.d , Fll:t'thermol.;'t), the
,~..

appaz ant; shortening of the "neck" of the soapu l a

in Lucy is not as great as Ln tIlle two St.erk~ontein

s~pecimens I but
<', '

this may a.lso be re1.. ted to the

small si~e of A~L. 288-1. The axilloglenoid angle
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estimated for both ste 1 and A~~. 2g8·1~ (120°), a

feature not ral&t~d tO,size, indicates that the
'\'
.,1

(1

sCa.:ghl'ia.,was positioned on the thorax in an
(I

apelike ra,ther than humanlike fashion in both',i'

these forms.

The hunuE.'r'al$lpec:unens present very similar

~torphology. The attachment areas and areas of
"

passage. for the .piceps muscle are relatively

enlarged" in each of the specimens ove r the modern.

human conditiofi, and are most similar to ihe

d~gree of enla.rgement one observes in extant apes.

The humeral head articular surfaces are rounded,

indicating that the modern hominoid pattern of ~n

extremely X'llobile and freely moving glenohumeral

joint was developed in the early hominids. with

the exception of the Lucy humeru.s, the humeri of

all the early hominids are uniformly large. and

robust, being relatively more robust than one

would expect to find in chimp~nzees and

orang'" utans I the only extiant; comparables being

he.avily muscled humans and gorillas.
I

"

:.evertheless, it seems that the Hadar specimens
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are slightly mOre robust in the shaft than the
;,~

sterkfontein specimens.
JI~J,I

Ji,

\\fro~l Sterkfontein and the HadarThe clavicle
clavicles are very apelike in appearancel being
ant<;lroposteriorly flattened and possessing
apparently reduced degre,es of sigmoid cur'vature .
The stw 431 clavicle is the most distinctive

specimen eximined since i~ possesses an enlarged
deltoid crest that no other clavicular specimen
exhibits.

Individually, all of the early hominid
shoulder girdle specimeul3 exhibit robust
attachment areas for the ligamentous and muscular
structures. at least to the degr~e that these may
be interpreted from their i'ttacl'lmentareas on
bone. In partibular, the soft tissue areas that
appear most enlarged are those related to
stabilisation of the joints (glenoid ~abrum,
biceps brachii) ind abduction, addUction and
extension (biceps, serratus magnus, tetes major,
deltoid), all of which are movements which one
wou ld expect to be emphasised in a climber.
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7.10.3

The cOlnparative Functiona.l Morphology of the A.

a£arens:l.s ~,n.d A. arr:tca.1:ius Samples

\)Comparisons of the functional morphoiogy'of
the shc;;>uldergirdles of A. a:fa:r:ensis and A.

africanr1.s suggest that both species we):,ecapable
Of perform.tng som~'form of upper limb dependent
arboreal':otree~climbing and/or Sllspensgry

[f

behaviour. However; the diffe~!:'encesin the
morphology of the A. africanus and iL afarel1Si$

shoulder girdles from those of the extant apes,
S'uggest that the climbing behaviour may not have
been identical to that practised by modern apes, a
conclu~ion also raached PY Oxnard (196&b).
MoreOVE!:r-r although both A. a:farensis and )1.

a:f~~icanTJ.s are apparently partially arboreally
adapted, slow' climbing hominids, this ahou l.d, not
1::>einterpreted/as :meaning that LUCY, tfie A.L. 333

',I

group and elleSterkfonteiu australopithecines were
practising the same form of arboreal locomotor
behaviour.
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The shoulder girdles of both' A. ararensis and c

A. africant.ls a.reas close to the functional
morphological adaptationEl that are observed in the
shoulder girdles of extant apes as they are to
thOSE:of modern humans I but not identica',l.t'o
either group. Xn particular the sh9d'1~'..~rgirdles

'1

of A. africanu$ appear in some ways to be more
primitive in morphology, since they exhibit at"
least one p,robable symph~siomorphy, namely the
short scapular neck. This rnorpholosTYindicates
possible common ancestry with a hominoid
practising arboreal (or terrestrial) quadrupedal
lo6omotCir behaviour.

Current cladistic analyses, based primarily on
craniodental evidence, suggest that A. af.ricanus

evolved from A. afa.rensis (Skelton et aL..t 1986;

McHenry" 1~ 91.) f If true, one may pred~ct that
when more complete scapular material of A.

afarensis is recovered, it will present similar,
or more primitive, morphology to the A", a.fricanus

scapulae. If A. afarensis is found to possess the
more derived, modern hominoid scapula~ morphOlogy,
the proposed phyletic position of. A. africanus as
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\1
the. ancestor of die genu,s Homo 10U1d. have to be

);
re-evaluated (Johanson and WhiJ1e,.19'79). In

((
J)

addition, the propl1:~$edposition of A. af!arensis

as the direct: commonance..stor of A. africanus

would be p,r0t;l,Sht'into question.

The qtrest fon of whether the Sterkfonteill

Mem1:'\er4 shoulder girdle elements and the large

Hadar series may be interpreted as a single

functional morphotype, or two closely related

functional morphotypes ran/ains unanswered,

although there a::~ u!Jndeniably gross similarities

in .the behaviour inferred from tl:l~ morphology., ~

7.10.4

Co:m~,arison of the Functional Morphology of the
!early Hominid Should.er Girdle :mIe.ell,ts·Not

Associated with A. arr:l.cIJ.llus or A. araretls:/.s

From the very limited number of shoulder

girdle elements attributed to the robust

australopithecine lineage (Omo 11,·2718 and

ItW-SR 139), it appears that tBs functional

373



IJ

morpnology of t.his region is more similar t that

observed in the gracile lineage of
\\,

aU$tralopithecill.e~, than itv is to at least some

chronologically sympat~ic nj)embers c.d: the genus
V:,' /e

Homo. CertainlY the t\'ro hume r a), specimens

examined here are very large and robust,

eXhibiting enlarged musculatti.~e at1.drobust areas

of attachment for the ligamentous structures that

maybe associated with stability in the shoulder

girdle. ~ecent analysis of the shoulder girdle

morp~,ology of the approximately 1.7 million year

old juvenile Nariokotome llomo exeocue (-= H.

erg-aster, Wood, 1992), ltNM-WT 1;:;000, Lnd Lca.t es

t:'lat this individual possesses relatively modern,

humanlike shoulder girdle morphology (-Leakey and

Walker, 1988; Walker and Leaksy~ 1993). In

contrast/ the very fragmentary postcr:anial

mate~'$i,al oi-, the partial skeleton O. B. 62, whiCh

has been attributed to Homo habilis and dates to

around 1.8 mya (Johanson at a.1., 1987) I . presents

tantalising. evidence that the intermembral index

of this species of early Homo may have been more

apelike than humanlike (Johanson at eL , , 1987;

Hart'\'1ig- Scherer, 1993). The O..B. 7 clavicle,
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which is also attrib\tted to this species Of early

HomOt adds little information to this debate

although it stands out from the early hominl.d

sample in being r01..lnd~.(land humanl ike and by
, .c,

7.10.5

The ~unctional Morphology of th91 Eal.'"ly Hominid

$p,oulder Girdle and Infer:r~fl.Relat.ionships witb
. . 'f~

tl,l,e Evo~utioI!. of Early H,Qmin.:l.dBehavio,~r

The results of this study suggest that the

em~'rgence of modern human depend~\hce on

terrestrial. bipedalism r:lppearsto haye occurred

over a considerable time. The A. afa:censis and A.

africani:zs shoulder. girdle morphology reveals a '

stage of behaviour in which locomotor adaptations

of the upper limb appear to be a.daX;ted to

tree- climbing I whil.e the lower limb is adapted to

terrestrial bipeda~ism. A similar suggestion was

put forward by ROSe (1991, Figure 2) on the basis

o,f 'the presumed locomotor repertoire of the

hypothetica.l "protohominid". This study thus also

supports the suggestion th,p,tthe movement of early
';,
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hominids out of closed forests and open woOdlands
and into open grassland i.ladmost 1ikely not yet
odcurred :forat least t.hegra.cile
australppithecines (Rodman a.nd.McHenry f 1980) ..

At the ear;tiest appt)arance og_~frican Homo

ereatus in the fossil record, as in4icated by the
Narlokotome partial .skelEfton, the upper limbs in
,this species apprC3~ch the adaptive II1orphological

~'. \'

level of modern hnman s t indicating t,hat this !\lay
have been the stage at Which hominids moved from
arboreal dependeney to pure terrestrial

IIbiped.alism. Nevertheless I even at thi.s
comparatively late stage of hominid evolution,
(;::ertainareas of the lower limb .morphology of thiE~
e\:lrlyspecies of Homo appear to revee.l some
features related to arborealism retained from an
au_tralopithecine ancestor (Leakey and walker,
1908; Walker and Leakey, 1993).

It is therefore the.opinion of this author
that the evolutiqn of early hominid locomotor
behaviour is relat~:!\V~lyclear in the evolution of
the functional morphOlogy of the shoulde:J:'girdle.
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The earliest; for.ms of 'at.\stralbpithecine may be

characteri.sed by adaptations in their upper limbs

to arboreal', suspensory lifestyles, a form of~ , (

locomotion that might best be descriped as a

IIf·acultative climber". These australopithecines

were most probably a.t least facu:j.:tative

terrestrial bipeds but their up~~~rlimb

.morphology indicates tltat they. \IJ:erecapable of

highly adept climbing. Models sucl1.as Rose'S

(lS91, Figure 2) that<predicf'the ~rboreal
!-\

behaviour of Q.ustralopi thecines q.onsu:ming

approximately 20%' of the time allocated to
(;.

\,.

locomotion are, based the results of this

study, most likely too conservative.

The early ~ast African robust

australopithecines CA, aethi'Opicus and A. boisei)

and possibly the earliest forms of Homo (in

particular E:omo habilis) Ini!lyretain arboreal

capability. At the emergell,Ceof African Homo

erectuS', the requirements for upper limb

morphological adaptations to arboreal behaviour

have apparently been lost, and this presuIt\a.bly

indicates the first true adaptation to a total
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dependency on a terrestrial, bipedal lifestyle in
1\
\1

the hominid fossil redorcL

7.11

conclusions

The present study is limited in several ways.
small sample SiZ€fS have bee11 used :for the
osteometries And there is considerable overlap of
observed ranges for most of the qJ~antitative
featUl;'les.The fragmentary nature of the fossil.
hominid shoulder g.irdle material often precludes
comparison of,Vfeatures with both the modern and

/.,

fossil samples. Nevertheless, many ppints~
c . ~~

//
1/disc~sse~have relevance for the functional

'. iI. , .morphology of the early homln':tdshoulder glrdle as
well as for a consideration of relationships
amongst fossil bominid taxa. As a whole the
results support the hypoth~sis of many prev;Lous
researchers who have examined the fossil hominid
shoulder !:Jirdlernate:r:.:Lal;namely, that the

{!',

shoulder girdle of thi\gracile australopithecines
\\

is adapted for some for~~s Of arbo:t'ealbehaviour.
il,
,. . .I.iIn the opinion of this a\uthor, thet'e can be Ilt)

\\
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dou.bt that at least A. afrlcanus, whilst

appaz en.t.Ly adapted to tree ..climbing, ,ts also a

capable biped. :Cnaddition, the observed

shoulder mo,rphologi.es of JL afarenfjis and A.

afr.1..ca.:nus have been Sh01flnto be unique amorigs.t;

known hominoid morphologies.

AS Stern and SuSman (1985) have noted

"manypeople find it intuitivel.y difficult to
ac..::ept the existence of an animal that spent
a signif.icant amount of °tirne in th$ tre~s
wi thout b~i:~g as adept as an ape and thCi'!:t
also lived on the grou::ld .without being as
qUick af~d agile on two legs as humans. We
find it equally difficult to. conceive of such
a stage having been avel'.'ted by the human
lineage"

It is this author's contention that the

preponderance of evidence, from this study as well

as almost every study of the functional mot'phology

of other postor;;!.:nial elements of the A. ararensi.'7

and A. arx.:1.canU$ fossils, indicates that .both of.

these species are behaviourally and structura11tY
\1u

intermediate between forms that are entirely\. (I
.
\1arboreally adapted and forms that are adapted t;~9

terrestrial bipedalism.
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The r$sud.ts of the present. analySis indicate
tha,t comparison of the Should.er girdlE'! morphoJ:):)g'y
"Of tp.emiddle Miocene hominoids with that of

I.•,early hominids may prove productive. One should
be able to isolate the most probable ca;n.didates
for common ancestry with the early
australQpithecines whilst eliminating forms which
possess scapular morphology that is too derived to
have siven :rise to t.he A. arriaan.us scapula.
Neverthelesst when making predictions as to the
probable form of locomot~on of the common
ancestor of the apes and A, af~icaIlus, it seems
reasonable to eliminate the specialised forms of
locomotion practised by extant apes.

~n important result of the present study is
that there are indications that the shoulder
girdle morphology of the early hominids Changed
between the period 2. S - :2.0 mya, changes almost
certainly related to changes in locomotor
behaviour. It mayor may not be a coincidence
that tlleapparent transition between the a,pelike

morphology of the shoulder girdle of A. arricdPus
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and the basically modern human shoulder gi.rd1.e
morphology,~. as exh LbLted by African Homo erectll,slC/
occurs at about the same tin-Ieas, or Slightly
later than the first evidence for stone tool
manufacture C 2.4-2.5 mya) (Kuman( in press).
ThUS one might surmise that the morphological
changes Whicl;!. indicat.e movement from a primari.;Ly
arboreal to a terrestrial lifestyle might also be

linked in some ways to complex tool manufacture
and usag.e , Further researches into the
restrictions that an apelik(? shoulder girdle
morphology wO'Uld have on frontal body manipulative

.;

behaviour are ind~cated,

The results Of this study strengthen preyious
~<::.• :~

arguments that the gracile australopithecine
shoulder girdle is adapted for arboreal
locomotor behaviour. In particular, they support
the conclusions of Senut (1976, 1980) that the
shOUlder girdle mo~phology of the gracile

austra19pithecines indicate that they were
generalist Climbers that most probably spent a
considerable amount of time in trees. However,
the present investigation suggests that there is
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strong evidence that the locomotor repertoire of
the austra.ldpithecines was fundamentally d~-~f:~ent
from those forms of locomotor behaviour pr~ctised
by any e~t,,1':\.~.:hominoid ~pecies and thus
stren.gthens the coI;t§lusignsof Oxnard (1968b). In
partic~lar, the new ~padtmens trom sterk~ontein

i ,,,'- . ~..'

indicate that A. afr:i.6'a.'J:1US most likely practised
frequent arboreal, upPer limb dependent behaviour
that was functionally unique (if only becaUSe of
its coexistence \'J'ithb~pedalism) compared to those
practised by modern hominoids. The same was
apparently true for the slightly more ancient

'ispecies A. affarensist although the fossil
shoulder girdle mat~rial att~ibuted to this
species is very incomplete. Finally, if the
few perceived differences in mbrphology between
the shoulder girdle elements of A. africanu,g and
A. afarensis prove to be typical of these forms,
then the shoulder girdle may be found to be useful
as a taxonomic indicator.

The results of th.is study have implicatio.ns
for the J?hylogenetic J;'elationShipsof early
homd nd.da, If A. afrJcanus is the early hominid
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species that gave rise to the genus ~omo, then the
trapsition from. apelike to huntanlike shoulder

(... .

girdle morpholo~t'yappears to have occu,rred at some
time before 2.0 mya , ['heearliest African H .

.ereacue appears to possess a fundamentally modern
human shoulder girdle morphology. 'l'heJ7efore,
chronologically and phylogenetically, the most
probab~e candidate for a Morphology transitional
betWeen the australopithecine shoulder gi('~

\.., /'

morphology and that of Afri.can H. ex eotnus Ls
),

either H. habilis, or the proposed species s:
rudolfensis (:Wood,1992). !t remains to be seen
whethdr one 0]:: bo ch of these Species repre$ent the
transitional phenotype, or whether both retain the
more primitive australopithecine shoulder girdle
morphology. The r:ecovery of more hominid partial
nkeletons w'hich are taxonomically attributable,
in well~dated sediments in the 2.0 ~ 2.5 mya
period, may resol~e this question.

Pinally, the robust australopithecine species
also appear to possess adaptations in their
shoulder girdle morphologies to arboreal
behaviour. Although the fossil evidence is
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admi~te,dly paltry, the two humeral f~agrttents
, . "\

attributed to robust australopithecines Jpear to

sugge~t that this group re~ained the primitive
v - ~

shoulder girdle morphology 0:1:, the gracile

australopithecine lineage. This may indicate
"

:fundamental Lo comot.oz' diffieretlci'-e;,'?between th_ese
Ii " ' "", (I

latest a1,lsttalopi.thecines" and tl~E:;
,\
i

cht'onologically sympatric sp~cie's assigned to
()

the genus Homo. If, this proves to be the case

with the re'oovery of moze complete shoulder girdle

,material, then this anatomical region may prove

useful in assignin~' t.a~)nomic status to specimens

where. more than one species is found to be

sympatric.

'\\\,
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Table L Summary o/Extant Hominoid Shoulder Girdle Elements
I)

Species Gender Number of
Specimens

Source

Homo sapiens

male
female
male

female

29
27
18
22

uw
UW
81
51

GorUla gorilla

male
male

female

3 Uw
l2 51
5 m

Pan tr()gicliyteJJ

male
female

11
9

Pongo pygmaells

male
female

12
20

SI
SI

Hylobates species

male
female

9
6

SI
SI

• Symphalangus 5ymiacty/u.y

male
female

1
3

SI
51

male
female

16
12

uw
OW

Cercopithecus aahiops

male
female

20
16

uw
UW

UW, Department of Anatomy and Human Biology, University of the Witwaten.'mlld; 81 Smithsonian
Institution. Each specimen numbered refers to a complete set of shoulder girdle elements from a single individ~l.
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Table Z. SummCil,)! ofFossil Hominid Shoulder Girdle Elements by l,oc:ality

Locality Catalogue#. Description

Sterkfonteln
Sts 7

Stw 162

Stw328

Stw431

,.)--:'___.,
,.._~.-~.,.;;:._~

Stw517

Olduvai Gorge
OH48

Koobi Fora
KNM ..ER 739

KNM-ER1473

Omo
OMOU9 ..2718

Hadar
A.L.2ss..1.

:_1

A.I••33~-94

A.t. 3,33X-6/9

A.L. 333-8'1

A.L.3.:$~\o1

R proximal humerus; rt! :apular
fragment.

L. scapular fragment.

R. proximal humeral fragment.

R. clavicular fragment; rt. scapular
axillary margin.

L. proximal humeral fragment.

L. clavicle.

R. humeral shaft.

R.·proximal humeral fragment.

L. proximal humerus.

R. scapulaS fragment; It clavicular
fragment; ~~.humerus; L. proximal,
humerus. .

1. claviculas fragmerif.

R. cla'licular.shaft:. t
f

L. proximal h.un;l~rhlshaft.
Ir!
Ii

R. proximal humerus.

R. humeral sha11.



Table 3. Observed Frequency o.fthe Coracoclavicular Joint in Modem Human Population»

Population
or Region

Frequency
Percentage

(n)
(shoulders)

Method

Russian

French
2.631 38 Dissection

3.602 56 Dissection
j3.00! Dissection
0.602 453 Radiological

7.605 96 Dissection
9.90' 91 Radiological
0.12 3189 Radiological

27.006 300 Dissection
2.606 4644 Ral;!iological

0.307 358 Osteological
1.408 282 Osteological
2.809 180 Osteological
5.1O'() 491 Osteological
6.801 117 Osteological

0.0412 2300 Radiological

0.1813 7772 Radiological.

0.6014 2000 ,Radiological
(/

O,801~ 277 Radiological

1.2016 1000 Radiological

1.3817 3470 Radiological

3.00 300 Radio!ogical

4.304 276 Radiological

21.00~ 480 'Radiological

{==

Japanese

Singapore

European

Argentins;

Hawaii

Nigeria

Brazil

U.S.A

Czech

MalaY

Indian

Frequency l"efers to the percentage of observed OCCliJTCnt4~sin the total number of sMWders examined. RcfeI'ences:
l,Gntber (1861); 2, Fischer et al. (1971); 3, Poirier (1890); 4, Cockshott (1979); .5,Abe (1964); 15. Pil1!l.Y(967); 7, Cainbridge
and Tarazaga(1-956); 8, Parsons (1916); 9. Vallois (1926); 10, Jaluvka (1956};ll, Qika.® and Hatafuku (1970); 12, Ponde
and Silveira n938); l3, Moore and Renner (1957); 14. Cock;shott (1958); 15. Wertheimt:.T(1948), 16, Nutter (1941); 17.
Jaluvka (1959).
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Muscle

Table 4. Comparative Summary: the muscles - variation ill the origlh« d.rselected muscles

Hi sapien« Hylobates speciesG. gorilla P. troglodytes P. pygmaeus

(l) Deltoid

(2J Biceps
(sha.rt head)

(3) Teres major

(4) Teresminor

(6) Tl1lpf:Zius

(7) Atlantoscapularis
--'anterior

Caudcl surface scapular
spine,lateral uppt;!"S'.xr.i'.ac<:
of acromion. ventrolateral
lI3 to I14 nfthe clavicle.

-Iateral part co'1lcoid
process.

inferior angle of scapula.
tendinous attachment at
the superior lateral IIUXgin
ofllie scapula.

superior 2/3 to 112of the
axillary margin.

subscapular fossa of the
scapula

as in humans as in humans

as inhumans. as in humans

reduced area of attachment as in gorillas.
at the inferior angle. offhe
scapula, tendinous
attachment more superiorly
positioned en the lateral
margin of the scapula.

reduced area of attachment as in gorillas
O\~ that observed in
hUIl'at'.s.

reduced area of attachment as in gorillas.
over tha.! observed in
humans,

the ligamentum nuchae. as in humans,
spines of the 7th cervical
and all the thoracic
vertebrae, the ligamenta
supraspinalia,
the superior nuchal
line and occipital
protuberance.

'Usually absent. V ventral
transverse process of the
atlas

~'., .
attaches as in huni.h.,~
but always present. Ji

lack a nuchal surface
attachment at occipital.

as in gorillas.

4

ventrolateral 112of the
clavicle.

as in humans

as in gorillas.

as ingorillas

as in gorillas,

as inhumans.

as iIi gorillas.
rV additional
attachment at occiput.

superior part humeral head.

as in gorillas.

as in gorillas

as in gorillas

slight occipital attachment.

as in gorillas.
o



Table 4. continued

Muscle Jfyl(Jbqtcs speciesH.sapkm« G.gorilla P. troglodytes P.pygntqeUS

(8) Levator-scapulae

(9) Rhomboids

(0) Latissimus
dorsi

(lI) Coraco-
brachialis

(12) Subclavius

(13) AtIantoclavicularis

(14) Pectoralis minor

transverse processes Cl to as inhumans.
C4.
V reduced to CZ and e3.
V additional attachments
toC5 andC6.

ligamentum. nuchae, as in humans.
spine orC7. spine of'Fl,
posterior tubercles C3, C4
and associated ligamenta
supraspInlliiit.

spines and supraspinous
lig~£l.ents ofT5 to TI2.
the i1i;w crest, the fascia
thoracolumbalrs .

. V slips fro;n lower 3 or
4 ribs. '
rV wferior angle of
scapuJ-.

as ill humans.

apex ~cO~'Jid process. as in humans.
V slips !rem the lesser
tubercle ofthe humerus,

cranial borderof'the Ist
rih at the costochondral
junction.

absent in humans.

()

olller ventral surface
of ribs I through 5.

as inhumans.

as in humans.

as in humans.

.= as in humans.
~ ..~;;::'

as in humans.

spinous process of the
atlas.

outer ventral surface of
ribs 1 through 3.
V also ribs 4 and 3.

as inhumans.

as ingorillas.

as in gorillas.

5

aimliumans.
V additional attachment
to mastoid process.

as in.humans.
V spines ofTS ~!lJ6
rV external ocCipiial
protuberance.
rV superior nuchalline.

as inhumans.

as inhumans.
,)

as inhumans.

" as in gorillas.

as in gorillas.

as in humans.

no attachment at ilium.

as in.humans .

o

as in humans but
attachment extends
over ribs 1 through 3.

as ill gorillas.

as in gorillas.



Table4. continued

Muscle Hylobates ~~cics
f\

H. sapiens
.

G.gorilia P. troglodytes P.pygmaeus

(15) Pectoralis major as in humans.
c)

(16) Triceps

(17) Sternocleido-
mastoid

media11/2 of clavicle,
sternoclavicular joint
area, manubrium stemi,
2 to 7th costal cartilages,
aponeurosis of the
external obUque muscle.

• i)

intraglciioid niberele,
upPer posfet;:at.a.nd lateral
humeral shaft, capsule of
the shoulder joint, inferior
113 to 1/2~ftb~ humerus
shaft.

superior surface ofthe
clavicle near the sternal
end, manubrium sterni

as inhumans but the as inhumans.
clavicular attachment is
absent.
rV clavicular attachment.

superolateral1l1 axillary
margin, attachment on
upper shaft more distal,
attachment on inferior
part of humerus more
distal.

sternal attachment more
localized than in humans.
V encroaches on.sternal
;~mclllar surface.

as inhumans.

as ingorillas. as in gorillas. as ingorillas.

as ingorillas. as ingorillas.as in gorillas.

V refers to a common variant; rV refers to a rare variant.

6



Table 5. Comparative Summary:, the muscles - 'variation in the insertions a/selected muscles

Muscle Hy10bates speciesH. sapiens G.gorilla P. troglodytes P.pygrnlJelIS
,',--------------~--------------------------~----------~--------~--------~--------~~

(1) Trapezius

(2) Atlanroscapularis
anterior

(3) Latissimus dorsi

(4) Coraco-
brachialis

(5) Subclavius

(6) Atlanto-
clavicularis

lateral end of the
clavicle, su~olateral
acromion process,
cranial border ofthe
scapular spine and
medial tubercle of spine.

rV cranial margin of
acromion process, lateral
margin ofthe scapular
body•.

as in humans but
clavicuiar insertion is
heavier.

cranial margin of
acromion. process, lateral
margin of the scapular
body.
V lateral clavicular
attachment.

floor of'the as in humans.
intertubercular sulcus.
"if floor & medial lip of the
intertubercular sulcus

mid-shaft of the humerus as in humans.
opposite the deltoid
tuberosity.

inferior surface of clavicle clavicular attachment
near mid-body. more lat~. additional
rV coracoid process. fibres to h",~..nentum

cosro-coracoideum.

absent lateral end of clavicle
adjacent to trapezius.

as in gorillas.

as in gorillas.

as in humans.

as in humans.

as ingorillas.

as in gorillas but
often indistinguishable
from trapezius.

7

as ingorillas. as in gorillas.

as in gorillas. as in gorillas.

as inhumans. as in humans but never
attaches on the medial lip
pfthe intertubercular sulcus,

as inhumans, medial crest of'blcipital
groove only.

as ingorillas. as in gorillas.

as in gorillas. as .ingorillas.



Table 5. continued

Muscle Hylobates speciesII sapiens G. gorilla P. troglodytes Pi pygmaeus

(7) Omohyoid superior border of the as in humans.
scapula near the scapular
notch.

(&) Pectoralis minor coracoid process.
rV .rim of glenoid
cavity.

as i..humans nut with
an additional attachment
at the capsule ofllie
shoulder joint

middle of the superior
border ofthe scapula.

as in gorillas,

V refers to a common variant; rV refers to a rare variant.

8

as inhumans.

as in gorillas.

as in chimpanzees.

as in gorillas ..



Table 6. Variation in the Glenoid index Amongst Hominoidea

Taxon Observed range. Mean
of the Index
Values

(n) SD

Homo sapiens
male'
female'
both sexes'
both-sexes'
weighted mean

Gorilla gorilla
male I
femalel•
both sexes'
both sexes'
weighted me~

Pan troglodytes
malel
female'
both sexes'
weigbted mean

Pongo pygmaeus
malel
ferualei
both sexes'
both sexes'
weigbted ~an

Hylobates species
malel
female'
beth sexes'
both sexes1
weigbted mean

Symphalangus syndactylus
male'
female'
both se'i;est
weip,htfld mean

58.2 - 83.4
56.7 .. 79.9
56.1- 83.4
66,6 -85.7

69.2
67.5
68.3
76.7
73;6

. (3.0)
(32)
(62)
(100)

'; (162)

6.5
4.7
::'.7

59'.2 -77.4
62.8 -70.7
59,3 -77.4

66.1
65.2
65.8
76.9
. 67.a

"';,\.

q

(12)
(5)

(J.7)
{2)

(19)

60.1 -73,4
57.7 -68.7
57.7 -73.4

66.9
65.5
66.1
6(;.1

(7)
(9)

(16)
(16)

4.3
3.7
3.9

54 ..0 -72.5
56.3 -67.7
54..0 -n.5
56.5" 73.3

61.4
6];3
61'7
64.S
63.1

(1.0)
(19)
(29)
(1.0)
(39)

5.9
3.5
4.5.

53 •.0 - 89.2
89.7 - 99.3
53.0 -99.3

66.7
92,3
82.7

,84.4
83.0

(3)
(5)
(8)
(2)

(10)

19.6
4..0
17.1

84.8
67.0 .. 76.2
67 ..0 - 84.97

7.0.2
73.9
73.9

(1)
(3)
(4)
(4)

5.2
s.s

1This author; ~Valloi$ (1928 - 1946); 3 Senut (1918); 4 Churchill and Tnnkaus (1990).
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~'~:'

Taxon Mean (n) SD
of the Index;
Values

ce..

Homa sapiel1S (/ 55% (26) 7.0
<1Qrillagorilla 62% (22) 8.0

Ii
Pan troglodytes 63% (23) 9.0

0

Pongo pygmaeu$ 46% (2\4) 8,0

Hylobates specl¢S 89% (22) 9.0

II
II

~' I!
The data pl'e~nted in this table ate derived frQ~ Ci~hon and CQlrroccini (1977)

c-
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t\. _.... .. ' _ '. '. . .'. .., " .' '. _. ..' . ' .. '. . ,\,'table a.. Variatf01<in the Scapular Index (scapularbreadth Iscapular length x 1QO) AWQ}J.gstHorflinoidea

Taxon Mean
of th~\Index
Value's

so CV Observed raage (n)

Homo sapiens

male 62.S5 5.83 9.33 49.90 ~73.09 46
female 65.14 5.48 8.41 54.25 -13.56 37
both. sexes 63.70 5.79 9,09 49.90 .. 13.56 83

Gorilla gori1l'1

male 17.37 7J)9 9.17 63.90 ~92.31 15
ifemale 79.57 3.91 4.91 75.96 .. 85.85 5
both sexes 77.92 6.35 8.18 63.90 w 92.31 20

Pan troglodytes
\<~

male 76.92 10.32 13.42 62.18 .. 101.89 11
female 74.35 u.45 8.68 65.06 .. 87.89 9
both sexes 75.76 8.46 11.11 62.1S .. 101.89 20

Pongo pygmneus

male 70.93 8.29 u.ss 58.57 .. 89.90 12
female 63.63 5.81 8.46 58.74 .. 78.43 19
both sexes 69.52 7.15 9.83 58.57- 89.90 31

Hylobates species

male 12365 22.54 18.22 95.12 .. 161.08 9
female 128.85 19.60 15.21 95.94 .. 145.40 6
both sexes 125.73 20.84- 16.57 9:5.12 .. 1'61.08 15

~
\, Symphalangu$ ~)'11dactylu$

male 124.40 1
female 102.92 9.70 9.42 91.98 .. 110,49 3
both s~xes 108.29 13.35 12.32 91,98 -124.40 4

The data presented in jUs table are derived from calculations made by the author, The mean values for
both sexes are the weighted averal:.4eof means.
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,;' u n
1?,~ote9JJVarlation in th¢"Scapular Index~Scapular~ngth I Scapular Breadth x 100) in Diff'e).'entpopulations of

Humans" ()

\)

Population (~) v Mlde(M)
Mean Index

Values

Female (F)
Mean Index

Values
(I

I:;

Afr. Black (SSM, 15F) 66.6
Am. N~gr(l<126M,46F) 66.7
Egyptian (20M,lSF) 68.2
Egyptian (UM,6F) 66.5
Eskimo (4M,4F) 61.9
Eskimo (239M, t ,F) 62.4
European Whites (146M,102F) 63.7
Finnish (72M,14F) 62.4
French (78M,08F) 65.2
Fuegian (35M,28F) 61.8
Fnegian (47M,2F) 64.3
Fuegian (4M,6F) 64~~
Japanese (64)
Melal1estan (20M, llF) 68.6
Mexican Ind, (9tvl,12F» 65,5
Mongoloid (20M,4F) 66.9
Negrillo (4M,6F) 77.1
North Amer, Indian (229M,,179F) 65.9
NorthWest Indian (10M,14F) 64.3
Oceanic Black (9M,9F) 66.S
PecosInd. (19M,24F) 68.3
Peruvian Ind. (55M,39F) 64.2
Portuguese (37M.20F) 64.4
PrewKoniag (53M,S9F) 60.9
Pueblo Indian (46iv1:;36F) 67.3'
Utah Indian (18M,lOP) 67.4
Whites'{1200M,457F) 65.0

68.2
?~2

'>, 70~6;-,~\,\
~~8.6 ,,~"
"62.0
65.0
66.8
63.9
65•.9
64.3
66.1
,65.7
64.9
69.1
70.7
65.1
73.8
70.7
66.1
6'1.9
73.S
66.S
66.5
62,2
73.0
70.6
66.3

'i\
II

.(1

...All data from tables:: compiled by Hr41i&a (1942) from Liven (1819); HrdJi~ka (1910, 1931, 1931); Kajava
(1924); Vallois (1924, 1926u,b, 1927, 1928)andM~ (1928).

12
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II :.; . ",
Table .10. Variation in the.Fossorial.Index (.4rea o/Supraspinous Fossa I Are(l o!!n.traspinolfs j?SS(J x 100)

Amongst Hominoidea

The data presented in t.ms table at:~derived from measurements made by the author.

13



'table li. Variation in tM/Acromion Projection Index
( {Acromion Projection - SpfnogftmOid Notch Depth x 1ad] / Anatomical Length (;Jthe Scapula)

Allu/ngst Hominoidea andOldWorldMonke;ps ..

Taxon Observed Range
(n)

Mean
o(,ilie Index
Values

SD

Homo sapiens
15.8 ..46.4

(87)

Gorilla gorilla
20.0·~ 38.8

(20)

Pan troglodytes
21.1 ~46.8

(20)

(! p!)flgo pygmaeus
23.66~7.3

'\

(19,,'>-"~\.5
i (1:;)'\
1 !~;'. \\
,- i\

28.3 - 34.:l
(3)

Hylobateupecies

Syni'phalangus syndactylu$

f"apia ursinus

"1.3 -12.4-
(28)

Cercopithecus aethiops
0;4 ~ l3.9

(:\$)

34.2 4.8

\!

32.0 4.8

36.3 5.2

34.5

26.5 4.3

\\

3.131.9

4.6 3.2

5.2

The data in this table are derived front calculations made by the author.

14



Table 12. Variation in the A:d1l9g1enoid/kteAmol1gSf Hominoidea and Old World Monkeys~~~~==~=.~~~======l=-===~.~~(r=~...~~===...==_=__-__='c========'============~==~~/)

Taxon Mean SD cv Observed range (11)

Homo sapiens

male
female
both sexes .

Gorilla gorilla

male
female
both sexes

Pan troglodytes

male
female
both sexes

Fongo pygll1aeus

male
female
both sexes

Hylobaies species

male-
iemale
both sexes

Symphalangus syndactylus

male
female
both sexes

135.10 5,59 4.14 124.00 .. 150.5Q 54
132.55 5.75 5.09 120.90 w 152.70 42
133.98 ,1;.22 (i 4.64 120.90 .. 152.70 96

139.60

116.47 5.89 5.02 106.00 w 131.00 15
117.40 4.39 3.74 113.00 .. 124.00 5
116.70 5.87 5.02 106.00 ...13[.00 20

116,!J 7.08 6.09 104..00 .. 128.00 11
116.33" 6.84 5.88 107.00 .. 126.00 9
116.23 6.62 5.69 104.00 .. 128.00 20

10.20
8.26
8.88

8.45 101.00 .. 137.00
6.83 109.00 .. 150.00
7,35 101.00 .. 150.00
I .
.'_ .. ._ ~

12
20
32

120.67
120.95
120.84

106.00
106.67
106.27 (I

96.00
101.00
99.75

7.05
7.29
6;89

6.65 94.00;. 114.00
6.83 97.00 .. 117.00
6.49 94.00 .. 117.00

9
.6
15

3.61
3.86

1
3
4

3.57 98.00 .. 105.00
3.87 96.00 .. 105.00

both sexes

Monkeys (Papio ursinus & Cercopithecus aethiops)

4.45 3 83 124.00 .. 158.00 64

/J

The data presented this table are derived from measurments made by the author. the m('~n$given for
"both sexes" are weighted means. .
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(::) "",
Tabl~ 13.' Wriation in. the "Bar Glenoid .Angle" Amongst HooUnoiru;..a

ji

(/ (I

Taxon Mean SD n

r;-=------------------~----~--~--------~-----
J[ol1uvapiens

145.0 4.3 50

:'i

2.1 9
Gorilla gorilla

131.6

126.3 2,8 11

Pan paniscUs
125.9 12

Pongo pygntaeUs
121.4 3.4 s

The data in this table are derived from Cortl,tccini and Ciochon (1976), Tbese iluti'ors report that bE
~'b«a"1ing 10.6 degrees from the bar glenoid angles pre~ented in this table, one. may compare these datawith
those studies which use the axilloglenoid angle to expfi~s the, orientation of the gt~JlQid cavity jn relation to the
axis of the axiUaxymargin. .,

16.
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Table 14. Humem,s Greater Tubercle Height Relative to the Humeral Head

Ta.xo!.i Observed range Mean (n) \1 CV S1), c
I/,

Homo sapiens

both sexes ..(),3 .. "3.5 -1.7 (95) 33.l:f t·\ 0,6
/)
'/

ti "Gorilla gorilla

both sexes,~, ..Q,~/ .. -3;4- -1.9 (19) 35.9 (),'
i}t

Pa,fj frJ!1ftIQdytes

oothsexes 1.2 :ui~l ..0,.5 (20) 48.5 0,8
',\

Pongo pygmaetJs
1 '<'::'''';:::'-=:~;:i-;: ;;;-

bOthse~es -1.3- 4,4 -2.1 (30) 29.6 0.8
f)

By/obates speeles

both sexes 0.3 .. -2,1 ..1.2 (15) 41.6

Sympllalangus syndactylus IJ

both sexes -1.1 - -1.6 .,1.3 u(4) 18.S 0.2

The data in this table are con11t'iledby 01(:authQr. Values retol'ded as negative hltlicate the di~~nce by
which the top of the great$:r tt1bercle is below the most superior part (If the humeral head articular surface,

17
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Table 15. Variation in the Humeral Head Index (1!umerlilHead Breadth /Humeral.Head LeJlgthx 100)
Amongst Hominoidea

, Tazono .,'

, ,
Observled range ~Mean

of the Index
Values ()

(n) SD

Homo sapiens
--~.,----------~~~------:~--~--------------~------------------~--

both sexes!
both sexes'
we~gbted mean

Gorilla ~OI'iJla

84.5 -102.8
86.8 -104.9

94.9
96.2 ;,
95.2

both sexes!
both sexes'

99.1-110.6
78.6 -116,5

~\ weighted means

103.2
105.8
104.1

\'.
Pan tro~tlodytes

bi)th sexes!
both sexes'
w¢ig~ted mean

Pongo pygmaeus

both sexes'
both sexes'
'Weighted Olean

}'Rylobates species

both sexes'
both sexes"
weiglttcd Olean

..,.'\
SymphalongtJs s~ndactylus

\

both se",~sl
\,

'97.5 15
99.4 15
98.~ .~.II

102.1 4

91.1 -113.7
96.S -118.9

101.0
104.3
l02~9

94
30
124

4.1

90.7 -109.1
92.8 -114.2

98.3
,98.3
98.3

19
25

3.3

83.4 -104.3
92.5 - 108.7

99.6 -104.1

20
28

5.3

29
18

4.6

2.2

References: \This author; 2 Senut, 1978.
\
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Table 16, Variation in the IntertubercularSulcus I f[umer(JI f[ead Index Amongst Extant Hominoidea & Old
World Monkeys " .

(ISW IHHB X 100)

TaXon Observed range Mean
of the Index.
Values

(n) SD

Homo sapiens

both sexes 9.7 ... ~9,9 22.8 (94) 5.5

Gorilla gorilla

both sexes 10.3 ... 30.5 18.4 (19) 6,1

Pan troglodytes

both sexes 12.2 - 29.6 20.6 (20) 4.1
Pongo pygmaetls C

both sexes 18.0 - 46.1 26.3 (30) 6.2

Hylobates species

both sexes Id.5 - 24.8 19.5 (15) 3.8

SymphalangNd ~yndactylus

both sexes 18.8· 23.9 21.7 (4) 2.3

Monkeys (Cercopithecus aethiops & Papia ursin~'s)

both sexes 26.6 -44.7 34,0 (64) 5.3

The data presented in this table were calculated by the author,

19



""Table 17. Variations in Humeral Torsion Amongst the l-Jomil1oidea

Taxon Observed range SD (11).

IJ

Homo sapiens

both sexes'
both'sexes"
both. sexes'

146.1-112.4 161.2
162.8
145.1

Gorilla gorilla

both sexes'
bothsexes1.
bath sexes'
both sexes'

136.7 w 147.5 143.1
143..4
137.3
141.1

Pan troglodytes

both sexes'
both sexes'
both sexes'

141.1
133.9
128.1

Pong« pygmaeus

both sexes1
both sexes)
both sexes'

113.1
119.5
120.3

Hylobates species

both sexes'
both sexes'
both sexes'

113.5
110.7
112.0

Symphalangus syndaotylus

113.8

7.4
9.2

11.'1:

50
98
ISO

3.3
5.8
9.4

4
59
29
16

5.8
10.9

65
33
12

10.2
12.7

!52
14
7

10.9
9.7

80
48
10

12.1;' 8

The data in this table are derived from the work of tWs author; lSanniento (1985); jKnussman (1967)
and 4 Broca (1898).



'fable 18. 1vf(!~\~CCflCha"(Jcters()j/he gle110idcavities olthe./capUloe olaustralopitlleci11e,~
(( .. . .. L- .

.........;.....

#
Glenoid Glenoid Articu1atli Glenoid Glenoid
length bread.th breadth I depth index
(GL) ,.. (GB) (AB) if (GO) (GI)

- '/nun rom mm If mm %
if

-~~~-~-- __"""",,-~ ,'--_--__"----"""':,'--<f----'-- __'--_~----
\~

Sts 7 ,c38.0 22.0,23.0· 19.0,i~9.5·

17.1

1.5 58.0, 60S

Stw 162 c37.0 25.8 1.0 69.7

AL.288-1L 18.'1' 67.5,70.4

•The two values presented for tl.e GS, AS and Gl of St~7 arc respectively based on. the measurements of
this author and of Y~P~(1979). .' v II

"The GL/ineasurement in this ~,ple is that publishe,tl by Johanson et.al. (1982). Senut (1978) has
pUblished a GL nt'4;surementfor the sa1;lle)jPecimen of 26.8. TI;le latter measurement is inchi.dl'.d in the,Gl values.

21
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'J;')ible 19. Metrico] chaY(lctersofthe body of the scapulae ofaustralopithecilJe.t;
.'\

SGD
millimetres

AMI.. IA AGA

Sts7 c12.0

Stw 162 13.7

Stw431 c143.0a 30'" M 60Q

AL.2884L

I.i

SOD, spinog1en~id notch depth; AML. axillary matgin length; IA. inferior angle; AGA a:dltoglenoid
angle.

arms measur~lt1ent assumes that the axillary margin of Stw 431 is nearly complete at the superior point of
damage. \)

"This measurement is determined from a cast of the specimen.

( ;
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Table 20. Vafiqtjon in the Length l1f'the Scapular Axi/£qry Margin Alnong;; Extant Hominoitle4, anti Stw 43.1
"",,:>_,

I,

Taxon
~~~~==~~~~~~========~==~~==~~======~0~~\====~==~

' ... -.',

(n) SDObserved m~ge
\1
;!

Mean'

"\ ,

llotnO"'&apiens
male
female,
both sexes

Gm'Ula gorilla
,H male

few..rue
both sexes

Pan troglodytes
male
female
both sexes

Pongo pygmaeus
'male
female
both sexes

Hylobates species
male
female
both sexes

Symphalangus syndactylus
male
female
, both sexes

Stw 431

108.0 ~,150.6
i'10ui ~136.8
101.8 ..150.6

131.9
/;~19.7
"126.7

(54)
(40)
(94)

9.3
7.9
10.6

II
203.0 ..253.5
17;2.5~ 187.7
172.5~253.5

:Ul.l
181.8
218.4

(14)
(5)

(19)

15.5
1,,5.95
27.9

135.6 -1673 15,i" I) (11) 10.2
135.5 - 161.1 14<J.l (9) l(l,4

135.5 -161.5 152.5 (20) 1\;', .,

137.1 ~ 183.3 )67.1 , ~;10) 15.1
112.6 - 151.0 139,3 (19) 1liP
112.6 - 183.3 148.9 (29) .lO.t

56.0 - 84..4
66.9 - 805
56.0· 84.4

73.8
73.6
73.'7

(9)
(6)
(15)

9.3
5Jl
1,'/

85.0
86.8 - 94.5
85.(1· 94.5

(85.0)
90.8
89.4

3.9
4.3

(1)
(3)
(4)

143.0*

:::::==::::"'-==========:;,;'!''::'====:::::;::================:==::::::::::::::::::=======:::::::-:===:
The data present~tt in this table were collected by the author. * As diS<.'Usr.edin the text. the leng1~ of the

axillaty margin for Stw 431presented in this table represents this author's "best guess",
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Table ~ 1. Metrical charactersbjthe humeral heads of aus(talopithecitles (millimetres)

==========:;====:::::::::'=====================::;;:=::==1-/>--
II

mediolateral
he,ad'diam.
(MHO)

anteroposterior humeral head
head diam, index (%)
(AHO) (HHl)

intertubercular
sulcw.i width

(ISW)

\-

mid~shaft
diam.
(MSD)

humerus
length

(HL)

39.9 35.1 88.0

34.0

036.3 34.0 93.7 c6.0

31.1 c26.S 86.2 236Jl

A.L. 333~.1013 39.5 c34.G 86.1 07.8 030.0

A.L. 333-1093 c8.5

OmOll,9 ..21184 640.7

KNM..ER 1395

e38,O 93.4 08.0

el0.0

The data in this table were d;....tived from measurements taken l:!Y 'this author: ~ Johanson et at, 1982;
3Lovejoy et al., 1982; 4Pioldotd, 1973; 5~~akeyet. at, 1973,

\\



Figqre 1. Distribution of extant hominoId species. examined in the present study~----------~,~~,--~------,-.--~----~--~----------------------~-------------------"'"' -~.:..--~
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Figure Z. Map of South African early hominid fossil sites in the Krugersdorp District

illustrating the position of Sterkfonteln relative to other wei! known localities where early

hominid fossils have been discovered.
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ff,gure 3. Map lof East ~frican fossil hominid
,localities wrtEfra shoulder girdle elements
;(:Jxaminedin the present study have been

found"
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Figure 4. Approximate chronologie relationships of Plio-Pleistocene African Homlnlds. Chronologie
relationships established by radiometric and faunal evidence as discussed in the text

m.y.a.

1,,5

2.0

3.0

4.0

4.5

A. afarensis

A boise;

H. habilis
KNM-ER
739

....... Orno 119-2918

.... OH48

A. africanus

I St.rkfont.in
...... Serles

..... A.L 333 Series

~.. A.L. 288-1
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Figure 5a. Dorsal view of a human scapula illustrating landmarks and distances, as defined

in the text.
29



Figu!"~ 5b. Lateral view of a human scapula illustrating landmarks and distances. as defined

in the text. 30



Figure 5c. Superior view of a human scapula illustrating landmarks apd i distances, as
""Ii

defined in the text.
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Figure 6. Superior and dorsal view of a right human humerus illustrating landmarks and

distances. as defined in the text.
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Figure 7. Inferior view of a left human clavicle illustrating landmarks and distances, as

defined in the text.
1\
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Figure 8. Dorsal \rio;:w of a human scapula illustrating landmarks used in the calculation of

angles. Landmarks are defined in the text.
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Figure 9. Two dimensional diagrammatic consideration of the areas of tb~ infraspinous (a)

and supraspinous (b) fossae traced during area calculation using the image analysis technique

of scapular surface area reconstruction. 3S
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Figure 10. Diagrammatic consideration of ~he two-dimensionality of the e17eas of the

infraspinous and supraspinous fossae of a human scapula when traced using the image

analysis technique ofscapular surface area reconstruction,



· Figure 11. The position of the: scapula and tb"'l clavicle on the thorax in a quadrupedal

monkey andin a bipedal human, illustrated. from the cranial view. Note that the blade of

the scapula in the quadruped is positioned laterally on the thorax and the glenoid cavity faces

anteriorly. The blade of the scapula in humans is positioned on the posterior aspect of the

thorax and the glenoid cavity faces more laterally than in the quadruped. Based on .

illustrarions of macaques and humans in Schultz (1950).
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Fi~llre 12. A two-dimensional reconstruction of the degrees of freedom of movement of the
;1)

human shoulder girdle. Since the head of the humerus is offset from the shaft, spin occurs

between the glenoid cavity and' the humeral head but the shaft of the humerus traces part of the

surrace of a cone (after Williams etal.. (989),
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Figure 13. The thorax. scapula and forelimb of an antelope showing the morphology of a

typical terrestrial quadruped. The arrows indicate the primary directions of force that pass

from the forelimb through the scapula.
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Figure 14. The three degrees of freedom in the hominoid glenohumeral joint. The three axes

around which the principal movements of flexion-extension (a), abduction-adduction (b) and

medial and latera! rotation '(c) occur are shown. All movements of the shoulder joint are

described in relation to the plane of the scapula and not to the coronal or sagittal planes of the

body. Whilst many additional movements may occur at the shoulder joint these may always be

resolved into components related to these three axes. Model adapted from Williams et at, (1989).
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Figure 15. Diagrammatic representation of the attachment aref,~ of the glenoid labrum on a

human scapular glenoid cavity, The arrows point to the raised bony ridge that is' created by

the labrum at its attachment areas adjacent to the margin of the glenoid cavity, The shaded

urea indicates the extent of encroachment of the attachment area onto the surface.
41



• 1{.1' . 1Acroml0~ aV1CU atfl\ IIJ/p",vnt

.~===-- .......",,...._~~-
A

.~~ Axis of rotation
of cl avtcl e

.
""

'. .....--/
(
l

coracoclavicular
Joint

B

c

Figure 16. Rotation-of the clavicle at the acromioclavicular and sternoclavicular joints in

combination with the rotation and angulation of the scapula in a human. The line passing

mediolaterallv through the clavicle indicates the axis around which the ioints allow rotation of.. - . " ..

the clavicle. Note that. while the inferior part of the body of the scapula angles cranially

during rotation of the clavicle. the glenoid cavitv maintains its lateral! direction of orientation- .. ". ~ '. .. .

(after Inman el al.; 1944).

42



Acromi oc 1a vi cU'l ar
Joint

A

Axis of rotation
of clavicle

B

c

Figure 16. Rotation of the clavicle at the acromioclavicular and sternoclavicular joints in

combination with the rotation and angulation of the scapula in a human. The line passing

mediolaterally through the clavicle indicates the axis around which the joints allow rotation of

the clavicle. Note that, while the inferior part of the body of the scapula angles cranially

during rotation of the clavicle. the glenoid cavity maintains its lateral direction of orientation

(after Inman et al.. 1944).
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Figures 17 .. 28. .Muscle origins and insertions of the hominoid Shoulder gkdl¢ .
." ,'\

1. The deltoid muscle

2. The biceps muscle

:).. The supraspmams muscle

4. ..; The infi:aspinatus muscle

S. The teres l112ijor muscle

6. The teres minor m~le

7. The subscapularis muscle

8. 'The trapezius muscle

9. The atlarttoscapuJaris muscle

10. The levator scapulae muscle

11. The serratus tn;lgnus pars cniJlialis muscle or the serratus anterior muscle.

12. The rhomboid muscles

n3. The latissimus dOrsi muscle

14. The coracobracaiafts muscle

15. The su~laviuS muscle

Hi. The atlantoclavicularis muscle

17. The orklohyoid muscle

18. The pectoralis minot muscle

19. The pectol.'3.Hsmajor muscle

20. The triceps muscle

21. The sternocleidomastoid muscle

Muscle origins are marked in parallel lines. muscle insertions are marked in stippling. All oones are

illustrated from the left.
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Figure 29. A composite (right) hominoid scapula with morphological features illustrated

and labelled. Views are dorsal (top ~eft), ventral (top right) and lateral (lower centre).
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Fignre 30. A composite (right) hominoid clavicle with. morphological features illustrated

and labelled. Views are superior and inferior.
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Figure 31. A composite (right) hominoid humerus with morphological features illustrated

and labelled. Views Me anterior, medial, posterior and superior.
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FigUl'e 32. Shapes of the (right) scapular glenoid ~avtty in various homincids. Note that the

glenoid cavities ofnon-human hominoids tend t}ibe more ovoid in outline than the glenoid

cavity of humans. Glenoid cavities are drawn approximately to scale,
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Figure .3;,. Comparisons of glenoid index values for modern hominoid scapulae, Vertical line,

sample mean; horizontal line, observed sample range; shaded rectangle, mean :I: 1 standard

deviation. The standard deviation for the hylobatid sample exceeds the, observed range due to the

small sa.v1ple size used in this study.



Figure 33. _Comparison of Hominoid Scapular Glenoid Shape
Glenoid Index (GB/Gl x 100) *
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FIpre 34. Bivariate plot of spinoglenoid nctch depth \'S, glenoid cavity maximum breadth, Shaded
area indicates the observed limits of the range of'~nt!on for tlis relationship in the extant hominoid.
species el«UIlin.ed in the present study. DaU\\collooted by the author.

61



Spinoglenoid Notch. Depth VS(j

Glenoid Cavity Maximunh length
y :; A04x + 2.098, r2 = .577

.s::; 60-c... Q)

t:l
.t: 45oS

<,0
Z
:2
0 30c
.!!!
OJ
0c:
'£i.

15en 11

20 JO 40 50 60
GlenOid Cavity MaxlrTlum Length

~~\ 'J

',\

\\
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Data collected by the author. 1.•. :\
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Chimpanzee

Figure 37. Illustrations of the differences in orientation of the coracoid process between

chimpw2ee and human scapulae. Figures are drawn approximately to scale.
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Monkey Gibbon Chimpanzee

Figure 38. Comparison of the shape of the body of scapula among hOPlinQid genera and

monkeys. Note the similarity between the scapular body shape of the hylobatids and that of

the monkey.
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Figure 39. Bivariate plot of the supraspinous index: and the infraspinous index in

hominoids and Old World mokeys. x, supraspinous index; y, infraspinous index~A , the

line of regression where the area of the supraspinous fossa equals the area of the

infraspinous fossa. Modified from Roberts (1974).
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Figure 42. Illustration of the angle of insertion of the trapezius muscle in the hominoid

scapula as represented by angle A. The arrows indicate the direction of forces in the muscle

couple (after Oxnard, 1968<:»
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Fil;llte 43. Calculated valees for the angle of insertion of the trapezius muscle in humans,

apes and quadrupedal monkeys, Vertical bar, mean; horizontal line, mean :I:: 1 standard

deviation; x axis values ill degrees (after Oxnard, 1965o..)
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Figure 44.. .The orientation of components of the force couple made up of the trapezius and

serratus magnus muscles (Angle 8) in the scapulae of hominolds and monkeys (after Oxnard,

1968c)
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Figure 45. 'fhe angulation of the trapezius I .~~ttatus magnus muscle for(j'e couple in

hominoids. Data ror modem humans, gorillas, chimpanzees, orang-utans and fly/abates

(continuous line) compiled by the author. Data for apes,. humans (dot- and dash-line) and

quadrupeds adapted from Oxnard (1968t.) Vertical' tine, sample. mean; horizontal line,

observed sample range; shaded rectangle, meane 1 standard deviation
Ii
}f
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Figure 45.. Comparison of HOqlinoid Scapulae
i !/.

Angulation of the Trapezius I Serratus Mag'llus. Muscles Force Couple
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J.:'i~ure 46. Humeral torsion and the relationship of the intertubercular sulcus to the head of'

the humerus. The dashed line indicates the approximate medlolateral axis (lithe elbow joint.

Modified from Aiello and Dean (1990) after Evans and Krahl (1945).
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Figure 1t7. Arlt~riorviews of human and chimpanzee right clavicles illustrating the marked

cranial twisting of the lateral. end of the chimpanzee clavicle. Modified from Oxnard (1984). .
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Figure 48. The angleof torsion in the clavicles of hominoids. I, gorilla;2, chimpanzee; 3,

orang-utan; 4, gibbon; 5, human. Vertical bars, sample mean; horizontal line, meane 1

standard deviation. After Ashton and Oxnard (1964).
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Figure 49. Left hominoids clavicles seen from above illustrating varying degrees of

sigmoid curvature. Category 1 represents the least degree of sigmoid curvature whilst 5

represents the greatest degree of sigmoid curvature. Clavicle 2 ilrJstratetl both a sli~ht

degree of curvature and reverse curvature, a condition that is not infrequently observed' In

the clavicles of hylobatids,
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Figure 50. Cross ..sectional shapes of the bodies of clavicles in hominoids, The

cross-sections are taken at the approximate mid-point of the length of the clavicle. Sup~Hor

surface .. above; inferior surface -below.
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Figure 51. Cross-sectional shapes of the sternal end of clavicles in hominoids.
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Figure 52. The Sts 7 scapula, illustrating important morphological features of the dorsal

surface and glenoid cavity. The dashed lines on the outline above Sts 7 illustrate the

approximate completeness of the f(,5511 compared to a whole modern human scapula.
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Figure 54. Comparisons of glenoid index valu~s for the australopithecine scapulae with

corresponding values for modem humans, gorillas, chimpanzees, orang-utans and hylobatids, As

discussed in the text, the glenoid length values for Sts 7 and Stw 162 are estimates. thus the actual

glenoid index values for these specimens may vary slightly from those presented in this figure.

Vertical line. sample mean; horizontal hne, observed sample range; shad~l.frectangle, mean ± 1
, ' '" "'. ( \1

standard deviation. The standard deviation for the hylobatid sample exceeds the observed range
h

due to the small sample. size used in this study.
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Figure 54. Comparison of Hominoid Scapular Glenoid Shape
Glen-Did Index (GB/GL x toO) 1t
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Figure 56. Comparisons of possible scapular inferior angle values for the Stw 431 scapulae

with corresponding values for modem humans, gorillas, chimpanzees.. orang-utans and

hylobatids. As discussed in the text, the shaded circle represents this author's best guesses for

Stw 431 's inferior angle value based on the reconstruction illustrated in Figure 57. Vertical

line, sample mean; shaded rectangle, meane 1 standard deviation.
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Fig~l'e 57. Diagram illustrating this author~ justification for his minimum (±300) and

maximum (=1:60°)estimates of the inferior an~~ value of the Stw 431 scapula.



1/

1)

Fiigure 58. Comparisons of humeral head index values fbr fossil hominid humeri with the

corresponding values for modem humans, gorillas, chimpanzees, orang-utans and hylobatids.

Vertical line, sample mean; horizontal line, observed sample range; shaded rectangle, mean ±

1 standard deviation.
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Figur~ 58. Comparison of Australopithecine HUmeral Shape
HYrt1erai Head Index (HHB/HHD x toO)
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Figure 59. ,A.L. 288-11. a. dorsal view; b, lateral view. Drawing Is approximately natural

size.
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Figure 60. ,Right clavicular fragment, A.L. 288..1bi~inf¢~riorview. Drawing approximately

natural size.

}i'jgure 61. Right clavicle, A.L. 333x-619~superior view, Drawing approximately natural

size.
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F'igure 62. Left clC)t.yicular fragment, I\.L. 333..94, superior view. Drawing apptoximately

natural size,
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