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illistract
FUDc;tional MQrphology of the ltom~.1'l.o~li

Shoulder, Past and Present
by tee Rogers .6ergl;:r

This thesis presents an :investigation into the

functional morphology and form of the skeletal

elements of" the shoulder girdle of extant h0111inoids

and extinct hO)ll.inids\~hich inhabited the Afr:i.c~n
\Iicontinent during the Late pliocene and Elarly Ii\Ii,
ill

Partic'l.l.lcu: emphasis is placed o\~\the
\'i\.

form of the scapula, clavicle and humerus. \Ii
II,

variation in the bony, arthrological and 41.yoloQif\;Lcal
I"

anatomy' Of this region in extant hominoids is II
.. Iii

~!

Pleistocene.

examined. In light of biomechaniq~l models
II

reSUlting from this work, the bony,;anatomy ofu
hominid shoulder girdle elements examined and

i.

.1

r;:I~t>. ssil
.1,1 .

"

biomechanical interpretations are made.

The fossil shoulder girdle elements exan\ine~ in

this study are grouped into four species samples.

The first sample (Australopithecus a.:friCaIlUS)

comprises Pliocene ,fossils from sterkfontein, South

Africa. 'rhe second sampJ.e (A. afarelJ.si.s) i.s

comprised of fossilo front Hadar, Ethiopia. The

third (Homo habilis) and, fourth (ii. boisei) samples

comprise fossils from C'lduvai Gorge I Ta:nzania,

Koobi For~ll,Ke!nya and t.ne omo Valley ~ Ethiopia.

When the t!;ossil homi.ndd. remains are scrt.ed into

specf.ea, jl~heI:;houlder g;l.rdle elements InelYd:>e used to

const.zuct; and contrast specd.es specijSiq
'1· . )

bitOmechar1,ic::almodelS of th~ shoulder. Th~~se

models e:>fltP10redifferernoes in form amon~,r.;tj;ossil

ii



hominid. species that may'be reJ,ated to dii.:;eetenc;:.es

in behaviour. The models may also be appU.ed to the
:~......,..~

interpretation of systemat.ic relationShips amongst

early hominids.

In o:(.~ierto construct models of early homi:p,ids

it is first necessary to establish the,movement,

myology and oste0logy of the extant hominoid

shoulder. Chapters 4,5 and 6 sUl'l.1Il1ar~,$enew data and

available in,formation concel:"ning shoulder girdle

mo.Jementand form. Chapter 7 presents detailed

C';escriptiQns Of the fossil hominid ma.terial (u:::::19)

available for study. 'rhis descriptive information,

in conibination with all of the information derived

from Chapters 4 through 6, is then used to

inte1.pret, compaxe and contrast the fu.nctional

morphology Of the shoulder girdle elements of each

species of early hotninid. pa:q:ticuJ.ar emphasis is

placed .on those features that cart be. directly

related to specific :functiOl'l~ Model.s ,,.l the

functional morphology of each of t1Je four species

are then created. comparisons are made between

indJ.vidual Shoulder girdle elements 'cg,fthe different

homj.nid spacd.es as well as between the interpreted

total morphology of each species' shoulder girdle.

The study concludes that the functional

m~>l':phologyof the shoulder girdle Qf A. afriaanus is

unique ~unorJ.gstknown hominoic1~mode'l.s in that it

poasesaes shoul<;ier girdle mo;t,'pho)..ogy adapted to bobh

suspen ory behaviour and bipE~d;;d~i.srn. TIte

suspensory adaptations are :Lndi9ated by the overall

ape ..like morphology of the humeri, claviculae and

heCid.of the scapulae, whilst bipedalism is mainly

:tii



(J

G indicated. by a broad, human-like inf.Ell:'ior'an9,'].eof "
=
the scapula. Several' RpparentlY prim.itive featu:r:es"
are present in,..the A. africanus Ejcapl,1la,incl~dirtg a

0i,? ..... . _ .. '. \

shortened scapular 'n~ck, that ind:l.Cate'-\poss~ple
ancestry f.roma quadru:pedal form. ~p.e functi<:>tJ.al.
morphology of the A. afarens.ts shoulder is founa .to
be more diffi.cult to interpret d'.le to poor

f(i:;

,pre.~ervationt but the hypothesised znodel'~does not
diffe):: substantially from th~t constructed for A.

_c,~) . ..' .', 1) (;

a£ricanus. The few robust aURtra.lopithecine,.,(A.
boi.se:1) sho~~der girdle elements appear to possess

~,..

similar morpJ;lologi.esto A. a.:falyrnsis and )1-

africanus. There ara .no'l:.SUfi:'lc:tently well
preServedoH. habili.s shoulder girdle elements
preserved to 'makemeffilningfulinterpreta.tions about
the functional morphology of this, specie~:'

.' nthe lack of comparable elements amongst the two
(I

1arger samples (...21.. a:faJ;'ensi.s and ,fl. arr:J;canus) I .it
'..':::/

is not knownwhether the features found to be
apparently unique to either species are useful as

n
taxonomic indicators.
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Cha.pter 1

The StuCl,~ of !it=.he Hominoid. ShC',U1Ger Girdle

1.1

Introduction

T~e choice of the .shoulder girdle as an. idealIi' '.'
anatomical area for the int,erpretation Of the

behaviour and l~festyles of early hominids stems

fr-om t':Ae recognition of basic evo':::~,utionary

prin6iples that recognise that anatomical arei'tS

which'are in close contact with the environment

tend to show adaptations to that environment

(Darwin, 1859; Dobzhansk.y, 1937; Wrd.~ht, 1;>1'7;

Ashton et al., 1965j Oxnard, 1967a,b, ,1968C, 1976;

Oxnard et al., 1990; tatimer. 1991 etc.).

Therefore, of all the muscuLo.ske.Let.a.L comprexe s in

t:h.e primate body , there iLs probably none Which

shows a grea~er range of morphological vari~tion

(j '.. ... • . . iand. dive.rsity :(!elated tCI performance requ~rements

than the upper li.mb and shoulder (:rnman et . al.,

1944). More specifioally, the shoulder girdle

complex is involved in almost every act of.

locomotion performed. by primat~.sl modern humans,~ .. . If
\;

being the only living exception to this rule.

1



Since rnusculoskeleta.l functional complexes such as
the shouldf,3J:'girdle are in direct cbntaut with the

external"...e.~p.···viponment, adap't.azLons in the
" I',>1

functional morphplogy of these complexes should be
good ;i,ndica.torsof the env\)Lronmentto which they
had originally adapt~d(Oxnard et al., ~990i,

Latimer, 1991).

1.2

Backgrcrund to the Present Study

"The functional complexity of the shoulder
girdle is readily evident and has been dealt with
in detail by several researchers (Miller, 1944;

Inman et al., 1944; Ashton and Oxnard, .1963;

Ashton etcal., 1965; oxnard, 1967a,b, 19€;SC, 1972,

19,;,.6;Ciochon and CbrrL':.cciniI 1976; cxnaz d et al.,
.). It is therefore not. the puzp ose of

the present study to further elaborate on these
complexi ties. Rather, this study atbemp t s to
apply the results of these previous studiesr in
COn:tbinC;1tionwith morphological and functional
analyses conducted by the author On extant
primates, to the shoulder girdles of fossil
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II
/1
!,.~ominids. 1r.his met'flod is chosen with the 'nolQe~i of

identifying ...~J.:..~;~ologicaloharact;ers"""a.nd cha~b:\i.lbtex:

comp'lexes that might be associated \'.I'ith parbi!c~;Llal."

early hominid lifestyles a.nti :behaviour.

Furth\~rmore, the. resulting information will, be ,t

i;,
used to address qU.estions of the' ta:~ononw a.~ifd . ,i

j!

t

phylogenetic ±'-elations!'l,ips 6f earl~r homi:n:td:~, i:~it
i

I';

addi t ion to de.fining their adCj,ptive st:r>,altegi:~es.Jf,.' il ;;1

Insomuch a s early hominid studie~f are

"concerned, this research was begun and cqnd~:~ctie~,
i i C-

ii,'.' ;

during a critical period in the stttdy of Af~',iban:!

PliO-Pleistocene hominids.
Ii
II

Whilst fossil lii:q,mil1,id
ij',r' ",;

remains are st~ll. being recovered in re.lativ':e.'ly i,
)) Ii' ,
,. ;. ' I

i/

large numbers t'frcm the ancient lake and riVf:l:~;be;ds
,\)' " ' ;' . 'I

of East AfriC',1l and several of th~ South Afri(~an
<y

cave sites are producing a cotl.sist/'ent supply iJf

early hominid fossils I the intensJ:! race to fin,d

more Unew» and ~older" hominid fq_sils that

Characterised the 1970's and 198D~s has slowed.

Much of the emphaSis on exploration that marks

this period has' been repla~ed by a recoHnit:lon ·of

the need to describe and a\p.alyse the la.:rge amounts



!\'.,

dedadi~S .

the:r:e

;1
),'

o,f ,this matE:~ria7' ~f. ana11tsed
i( r! \'

be~l'l prelind.rt'arr!Lly descr~fbed.

If c
i

at all, hadd I=>:hly 0

,'j"

scme Ot Jlche
;;
I,'
'I

materi.al f in p.~~rtinular ~ihemost re~:erl~'?fY
\< '

U .-\ ::;' jf'
i ' \ ". ,. . ',i/

recovered speCii\:tens fr.5:>nWthe Sterkf;~t>ntlt:l'a.lt~site in

South Africa
\,J;-) /1

had tlOt bel~l1. pre'V'i!pus:ll:y deli s cr:i.bed.

In add~~ion, this stUdy ~epresents the first time

a researcher h;"~ hC:l.d av;:tilable bW0 relatively

large samples of shouLder girdle elements from two

(!tpparently) dds t.Lnc t, species of early hominid.

This was largety due to the recovery of numerous

shoulder girdla specimens from Sterkf6ntein that

have baen attributed to the Qpecies A. afriaanus

(Tobias :L985-1991,PARG reports) .These South

African early hominid specimens are closely

comparable in age and "graci,lity" to the fossils

that were discovered in Hadar, Ethiopia .during the

middle and late :1.970's and which have been
at;11ributed to A. af,arenSis.TherefOre, this

4
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invest:Lga~ion has also ~1ctempted to examine the

evolution of the homirio~~lsihouider girdle complex
\} ,-
\~
:)with the hope of eluc,ida.:~.ing meaningful'

. '.
evolutionary trends ~nd i q~rpnyleti:e

!I

relationships in the "deve.lc)pment of the Shoulder

complex in the plio-Pleistocene hominids.

Whilst many studies have been conducted on the
form and function of che extant 'primate Shot11d.er

girdle, and some have applied studies'

rnod'~.:rnhominoid shoulder girdlE\ to fossil ~10rnini6\

'remains (Campb(~ll, 19'66; oxnard, 1968a,b, 1969;

s enut , 1978, 1981a,01 1982, 1984, 1989;.I.dyV'ejoy,

1976, 1978, 1981; Vrba, 1979; Lavej~y et al.~
Ii

1982a; stern, and Susman, 198:3;i I",enut arid Tardisu.,

1985; susman at al., 1985; Larson and ~tern,

1986), I none ha s at ti..'mp,tedall sxhaus ti ve

eunct ,hal $tudy of the fossil homini~ shoulder

srirdle. While one might question out ability to

interpret function in §uch a manifestly complex
!; . " ",_I"\,

region as tn.e choulder girdle fr(~.!mfr~gmel"~L.ary

fossil remains, the potential re.ults of suah are

Cd! critical importance to our u.nderstal1d.:i.ngof the

lifestyles of £hese early hornitiids.

5
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'...i

Nevertheless r while the, sk.eletal e.tlementsof
(".:. ... it-the early haminid shaulder girdle at~ be~t~r

x'epresented than E;lverhefare, a recanstructian .o'f
the who l.efunctioiJ.ing shoulder girdle I at: even .of
single elements of the shaulder girdle, of these
extinct .forms requires more than Si~ply this
fragMentary skel$tal £oundation. This is because
the functianal .operatian of the shaulder girdle is
,~xpressed in nct .only an .ostealagical complex but
al.so ~.l;'!. an arthrol9gical and myolagical complex.

I;· .' , .,
1;

It was therefOra necessary to include in thls
study an examination of the majar saft tissues ~f
the shaulder complex of selected living primates
in .order ta enable the astealogical anatomy of the
fassilised sh.oulder girdle elements ta be
examined. Detailed treatments of the anatomy and
fUnction .of the shoulder girdle .of scme liVing
nomd no Lds are avaf1able (Inman et al., 1944 i

AShton and Oxnard, 1963; Stern et al., 1977; Stern
and susman, 19B1; 1983; JQngers and stern. 1983;

Susman, 19B3; SUSman etcal., 1984, Larson and

6
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~Jtern I 1986; T..Ia.'r$On, 1988 i oxnard et al., 1990;.~ . .. . u

Susman,'and stern, 1991 etc.) and provide the,

framewOrk from ,Which the soft tissues of the early

hominid shoulder girdl~ can be deduced and

reconstructed. The best stl,,\died Q.f these modern

hominoid forms!)'is Homo s,;a.piens f a species which

l'llaybe conside:t'ed the most likely candidate to be

t.he closest li.v~trig relative Of the .ea.rly

Pleistocene hOlninids. In additio1'l, this stu,dy i s

fC>l:tunate in hi51v:i.ngavai,lable for examination ,the
ii·

cad,avers of chimpanzees r which may be as closely

l"elated" to the early to mid~Pliocene hominids_ as

Homo sapiens i..s to these. earlier forms.

l.3

lIistory of Eltudy of the Fune.t:1.o11 and. Mor'phology ~uf

the Rominoid Sbo~'der Girdle

The study of the form of the hominoid shoulder
\,

girdle dates back at least t.o the middle of the

19th century when most efforts cOIlcentrated on the

explanati.on 0.£ variation in individual bones. ~he

scapula received the most a\ttention as it. was

7



perceived to exhibit a high degre7 of
C. 1\morphologic.al variation amongst humans whilst;.also

presenting a host of ~nomalies for study.
the late 1850's, through the mid-twentieth

/)

)}J
'",''l!century, numerous studies of var:i.ation 1,\1 form !;)f

Ii
II
\'\,

fl.;;,the.bOlly elements of the Shoulder girgle were
condu ctred; {~{\rartl 1868; G;f'uber.:'fl86t..:$Flot\lex'>

to'

Hrdlicka, (}910, 1914, 1916.,·1929', ..1J)37
\

Martin~ 19.28; Vallois, 1924, 1926a,.b; :l..9~f-~7;
~.'Miller, 1932). Howev~t, most of the atove ~tudies

were conce:t'n~&lonly "with morphology and ~.ew
examined the function associated with the observed
variations in bone struotures.

The relative dearth of functional studies
conducted on the shoulder gir~1e during this ear~y
Period was :primarily dUe to the lack of
availability Of an unbiased method for
establishing the fttl'J.ctionof the muscles in the,
shoulder regj.on. It was. not until the studies by
Inman et al. (1944) which applied the results Of

v.
al¥ctromyographic CE,).v!G) stud Le.s of musCles of the
shoulder to infer os saous moZ'phQl..ogy Of the

8



r~gion, that relationships between form and
function in the shoulder could be hypothes'ised.

As Inman et: al. noted in 1944!

t:J16 mJJ8cl,..essc ting upon 1. t:, B.rJd :I. t;
, )i'

i.s t:bereroJ:"t3 no t; '~rlJ:pr:J.s.:J.ngt:ba t:

this bone should reelect: more

clearJy tbs~ any other the changes

more. spec:l.a.l.:J.:zed £unct:i.ona1.

deman.ds.

l?osSibly the greatest. contribution of the
study by Inman et: eI , (;1.944)was the first
objective proof that the variation in shapes
observed between the bones of the shoulder girdle
of apes I monk ey s and humane were indisputably
;telated to d.:Lfferences in muscular shapes and
actions that are "brought about by more
specialised functional demands" (Inman et al.,

9



1944, p , 2). From this research onwards, studies
of the form and function, of the shoulder girdl~ of

primates would take a n~w direction: Anatomical

studies of th§ ~houlder girdles of primate. such
as those of Ashton and Oxnard (1963, 1964) Ashton
et al. (1963) and Oxnard {1963, 1967, 1968C,
1§72}, would be based on associating morphological
variations with specific functions a.ndbehaviour.
UnfOrtunately, these studies amongst others, would
over"'simplify primate locomotion by categorising
it into !'modes" of locomotion that have since
proved inadequate for detailed functional

')anatomical studies (see below) .

In (lhe:L9'i'Or sand 1980' s, mainly due to the
advent of easi(iLyaccessible computers that were
able to synth~sise larger data bases, studies of
the functional.,.morphology Of the shoulder girdle
tended to use complex, multivariate statistics to
associ~te variations in morphologies ~ith
variations in performance demands {Qxnard, 1912,
1973a,b, 1976,:L986; Corruccini and Ciochon, 1976;
oxnard et al., 19S1}. However, even during this
period the methods used by many researchers for

10



their mUltivariate analyseEl were questlioned(see
.Wood, 1978). Many recent studies have begun to
recognise that form is not as easily related to

function as had been originally thought (see
Oxnard et al., 1990; Susmatr and Stern, 1991).

This recognij,::ionis due to the results of ElMG

stUdies of specifie mustles and studies on
behaviour a;nd lifestyles of wild primates that
nave shown that claElsification of the "modesll of
lodomotioD or any attempt to rel~te bony
morph.ologies to l';ipglefUDctiol'lalmost certainly
does not rep!."esenl;.the reali tiE!S of a primates I

tomplex locomotor repertoire (see oxnard et al.,
1~90; Susfuan and SterD, 1991 for a reviawt. The

\,
\\
\'.,

l:6sults ok: thi.s recognition have led recent
researchers in two directions and these are
detailed. below.

A f~'3w researchers, most notably C. E:. Oxnard at
al ..(1990),.have attempted to Use complex,
multivariate studies to more accurately relate a
p.rimate's tote,l behavioural "li:Eesty1.eII to its
anatomy. oxnard et al. (1990) have highlighted
the problems 2lssociated with the use of the

11



classification. Recognition of the! extr~me

IIdominant behaviour terminology" which,.has
characterised most attempts at locomotor

complexity of behaviou+' and posture af extant
\)

pr~,mates~ larg~ly due to studies by Ashton'\,.
'"Oxnard (1964), Napier and Napier (:1;~67),

(1961, 1975, 19133)I Vleagle (1916, 1979),

Charles-Dominique (1977) I Hunt (199Q, f~'3) etc.,
has led to the abandonment of such single-minded

;,1\/,attempts at'/p:r,imatelocomotor cla.~s~/fication.

More .recent studies have attempted to redefine
th~ way in which we. classify locomotion in
primates by quantifying tIte relationship between
morphology a.nd primate habd.tat; use, body size and
food acquisition (see oXl1:ard et: al. I 199,0 for an
overview) , 1\Howe~er, the ~tcumulation of.;\

quantitative data on these aspects of primate
ecology is extremely time consuming and the data
are difficult to interpret once in hand.

'\

~
" .\Most re.'cently,Oxnard at: al. (1990) have~\'"J!

proposed an alternative method of primate

12

1\



Loc cmot.o r classification to the dominant. behaviQur
terminology method. Oxnard's proposed m~thoa
1:;1volvesthe multivariate analysis of a primate

species' total lifestyle. While the ..method
appears sound and the initial study results were
promising, the method has yet to be applied
extensiVjly to hominoids,

In contrast to Oxnard'S methods, sever.l
recent examinations of fossil and modern p1.':i:p1ate
postcranial elements have tended to use char~)cter
analyses and direct form~to-function comparisons
in their exploration of" primate fUI1lctionalanatomy
(Latimer, 1991; MCHenry, 1991; Susman and Stern,

1992). These studies use the r~sUlts of positional
behavioural studies of living primates such as
those of Hunt (1990, 1993) and of SMG studies of
muscular activity, to associate the form of bones

wi.th their function. These studies have resulted
in the recognition that many specific areas of the
bony anatomy of pX.'imates may be directly

associated with certain behaviour." This latter,
descriptive approach is used in the present study
for the following reasons: first, the results of

13



Icom};..{.·t:x locomotor and behavioural studies on
extant hominoids firenot yet available; second,
our ability to"apply nCot.alII lifestyle

interpretations to the fossil hominids is limited
by the La ck of detailed informat:i.onoJ;t
environment, physiology I and social behaviour in..
the fossil record.

1.4

'l'h.e Appl.icatlo:a. of FU:Elct:io:nal' Anat.omical Studi-as

of the Shou.lder Gir c11e to Fossil :Bom.iniq,a

The application of funct±onal anatomical
studies of the shoulder girdle to the early
hominid record began with the discovery of the Ste

7 shoulder gird.le complex at Sterkfontein in 1945
(Broom and schepers, 1946). Xt was this

disoovery that led several authors to reoognis.e
that the upper limbs of the australopithecines
may not have been as derived toward the modern
human cQndition as the pelvis and lower limbs
(Broom and Schepers, 1946). However. shoulder
pirdle specimens r.mained elusive in ~he fossil
record and between 1946 and 1972 only one other

14



early hominiJ:l shoulder girdle ~l(ement (OR '1) had

been 'discovered (L~B.S Leakey et al., 1964); a
ii

clavicle of Homohapilis. Consequently I du:cing

the latter part of" this p~riod Sits ,7 W'9.S placed

under intensive scrutiny. '1'he opinion of most

l~esearchers was that the morphOlogy of
\ \
!

as similar to that of extant apes as to hUmans but

different from any s£ngle locomotor form observed
I)

in eitant apes (Coon, 1962; CampbellJ 1966i
')

. "Oxnard, 196 8a, b i Robinson, 1972J"j\Ciochon and
j)

<.;«
Corruccinit 1~76; Senut, 1978, 1982, 1989, 1990;

Vrba, 1979j:: Latimer, 1991). Whi.lst these

similarities led many scientists to hypothesise
1,';

that ·'the common an ce at-or of humans and apes shared

a similar form of locomotion (Tuttle, 1975,

1977), the resul t S 0.£ more recent studies of the

locomotion of wild pX'im'ates\and 0"'\ t).te comparative
I

morphology of this rE~gio.ll suggi'1~t..
,~\

;i
generalised (? su.spenI30ry) foi'm of

a more

:forelimb~dependent Loo omot.Lon was practised by the

{Stern et al., 1977;
\\.."", ,.'

Pro St, 19 80; F1€nigi e eta 1., 19 B1; Tuttl e , 19 81,

1984; Sarmiento, 1985; Hunt, 199>0, 1993 e tc. ) .

15



Wit~in the abovementioned evolutionary
scena~iol modern apes have r~tained thf,lupper limb

".,morphology suitable for dependence on forelimb.
dominated climbing behaviour. This morphology hag
been replaced, however, in humans by morphology
which is (pl:'esumably)adapted for precision
manipulation and tool use. Thus the variations
in shoulder girdl~ morphology seen between the
apes and humanlJ are hypOthesiSed to be due to the
upper- ~.imbof apes being adapted for Locomo t.Lon,
while that of humans has beeu, for the most part,
freed. from this task (see Latimer, 1991 for a
discussion) .

By the early 1970's KO?bi-FOra in Ken~af and
the omo and Hadar in Ethiopia began yielding moz e
fossil hominid shoulder girdle elements. ",t
Hadar alone, no less than 9 fossil shoulder
elements were recovered in the period 1973 - 1976

(Ser1.utl1978, 1980; JohanSon et: al., 1978,

1980a,b, 1982; Lovejoy et aI., 1982a,b). By the
late 19701s and early 19~01S, the initial
descriptions of this material were begining to
appear in the literature (Senut, 1978, 1981;

16



Joha.!t$011..;;Elt al., 1982; Lovejoy et; al., 1982a,b)

and the results 0tl prelimina'r.'l analyse~ indicated

that the functional. Inc:rrphology of the graciH~

al~str~\;Lopithecine shoulder girdle was I as had been
If

sUlspect,ed from the shoulder girdle morphology of

Ste 7, in many ways as, or more similar, to extant

ape 111o:rphol.ogythan it was to that of modern

humans (Sentit, 1978, 1981, 19.82; t.az-aon and s texn.,

:1.986).

In (:!.ontJ;ast to the above') during this same

period, the::,t'e ap~eared in the .1.iterature a

tendenct to "humanise· the behaviour and
locomotion of early hominids. In particular;

studies conducted 0::'':: the lower lil1'ibs by Bra.ce

(1979) I Wolpoff (198.'3a,b)and Lovejoy (1981)

tended to examine early homhtid locomotion and

behaviour as an extension of m~dern human

bipedalism. The frustration of authors such as

Zihlman and Tanner (1978}1 Senut (1918,1981),
(".

vrba (19?S) Tardieu (1981) and IJarson and Stern

(Xg06) amongst many other~ ~~o reciognised critiQal

differences in the tptal postcranial morphology of

early horni,nids I was ~vident throughout thiEi'"

1.7
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period. The l:.tfo;t.'mentioned "humanisingil s't.udLe s

tended f!·oemphas:Lse simila:r;i.ties between the

postcra:nial !'(lorpI101ogy of australopitl"le.c:Lnes and

humans .nd de-emphasise the differences.

However, t::ttere has been a recent resurgence o£

recogn:ttion chat there are fundamental features in

the postcranial morphology of early gracile

austral.opithecines that distitiguish then1 from
\\
',i

1 iving\~ human s.. Numero'l'S studies conduct.ed during

the 1970's and the early and midM1980's (e.g. Day,
1~97H; senut; , 19713, 1981, 1982,1989; Vrba, 1979;

1"'!'~ardieUi1981; Jungers, 1982; Jungers and Stern,

~9£3; S~hmid, 1983; Stern and susman, 1983;

Susman, 1983; Rose, 1984; Susman et al., ,.1984;

Benut and Tardieu, 1985; Larson and stern, 1986)

and more recent studies (Berge, 199~; Latimer,

199:].; MeHenry, 199:L; Preuschoft and Witte, 1991;

Rose, 1984, 1991; Schmid, 1991; Susman and stern,

1991; Ra.rtwig -Schl~.eher, 1993 etc.) ~ suggest that

some components of the behaviour and locomotor

repe;:toires of thesle early homf.n.Ld s were not as

humanlike as ~as previously thought (Dart, 1959;

18



Day, 1978; Brace, 19'79; WOlpOff, 1980; Lovejoy,

Models :eot:' the "modes" of locomotion of

australopit.pecines t:ha.t have been developed ba'aed

on the pc sn- cranial mo,:r.pholbgy (primarily the

hands I elbow jOint; pel vi.s, knee j oint. and feet)

vary q~eatly but, au ~utlined by sanut (~991n,

they may be grouped into two ma:i'~'~'~ategOries:

cl.imbing and non- cLi.mbing, wi thin these

categories are at least 8 models for the exact

form, of locomotion australopithecines undertoc>k.

Senut summarised the categories as follows:

Climbing Mot\els

1) The uchimpanzee~l:i.ke brachiator" model

(Keith, 1~23; Gregory, 1928; Tuttle, 19691

2) The ftknuckle-walking" model

(Washburn, 19(7)

3) The" gibbon II model

(Tuttlel 1981)

4) The oran.g ..utan tuoelel

(Stern, 1976)

19



5) The .:1 ~emi -brachiator" model
!:

Il!on-Cli:mbi.:ng Models

1) The "bonobo" model

(Zihlman, 1985)

2) The cerc,opithecoic1ea terrestrial quadruped

lt1.odel

(Del~~s, 1972; Hotton et al .• 1984)

3) Sitting as an origin fortlbipedalism

(Wood Jorles f 1964 F Jolly, 1970; Napier,

1970 i Heimt 1979; Wrangham, 1980)

The varying categories of locomotion are

seIf~explam~tory. However, For a compr-ahen sLve

review of the individu~ll categories see s.enu t

(1991, p . 247-24S}. I What is most Lmpor t an t; to

note is that all of the abQve-mention~d models

imply locomotor behaviou~.: that involves use of the

upper limbs. Thus, examina.tion of the f:uI1ctional

morphology of the shOUlder girdle of fOSBil

australopithecines ahou Ld allow tne ae various

modeLs to be tested. On the otl'ler hand, the

20
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:Eunctional fttorphology and locomotor capabilities
I)

of rObust australopithecines have recentJ.y been
-c- 'J

asse$lsed to be much mOt'e com~_iarable to humans or
the <!hronologically contemporaneous, members of the
genut:3Homo than they are to apes and this
morphology should be discernible in the shoulder
girdle (Susman, 19S8a,b, 1993; Susman and Brain,

J.988) • Neve"rtheless, despite the discovery of
the large Hadar hominid sample, and our increaSing
know.ledge of the pcst.oz-anLaL morphology of the

i.;;2._-=:::t
If j\

various species of Plio~Pleistocene hominid~ we
"still have no clear picture of what tIle exact
formes) of locomotion of the&e early
B1..l.stralopithecineape cLe s wer(;?

During the late 1970's and the early~ to
mid-1980's. discussions concerning
australopithecine locomotion were centred around
the pc st cr-and.aL ,morphologies ole the hominidel from
Hadar sLnc e this represented:! t,he most complete
sample yet discovered. By the late 1980's and th~
early part of the 1990'S, the number of studies
conducted on the functional morphologies of any
species of early hominid shou14er girdle had

((
\'
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declined significant;l.y I since almost no net", well
\\

preserved fos·sil hominid shoulder girdle m~\terial

w&s described. The few studias t~at were

conducted specifiS,ally on the ,~~tant prima.te

shouldel." girdle we.re almost wholly mUltivariate
,',

attempts to associate the mo'rphologies .of the

bones of the region with the recently recognised.

complex life,tyles of living primates (Oxnard,
\';

1976; oxnard et al._ 1981; Oxnard et al., 1990).

Also during this pel~:i.odgreat efforts were being

made in exploring the origins, and reasons .."for the

origin~, of hominid bipedalism since fossil

evidence from ,Etlio<i?leistocene hominids has

ihdicated that the pelvis and lower limbs are

<:llready capable of a form of sustained terrestrial

bipada~ism (Rose, 1976, 1984, 1991; Rodman and

McHenr.y, 1980; W:t'angham,.1980; Lovejoy, .;1.981;
! :' .' . ':{~

Senut,\and Ta.rdieu
"
, 1985; Pay, 1986; par'~er, 1987;

i_"

Eickhoff, 1988; Montgomery, 1968; Hunt, 1990;

La~im~r, 1991). However, these explorations were

forced to rely primarily on indirect evidence

ra the~.. chan on dirfct evidence, since la~e Miocene
'1\
I!are~conspicuous by their absence.

j!

\~

\~

,\

proto-hominids
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It wa~within this environment that in l'te
f,1989 G.-heauchor was presented by Professor P. 'ii,

Tobias with the opportunity of analysing s~'Veral
recently recovered hominid shoulder gi'Z'o.le'
elements from the Sterkfontein sit,e as' part of the
o.ngoing analyses Of hominid mate.rials ~ ouring

preparatory researches into the function~l
morphology of the hominoid shpulder joint for the
purpose of the aforementioned analysis, it was
brought to this author I s attention tfl1at there was
also a need to synthesise the functional and
c¢mparative anatomical work that had been
conductea on the hominoid shoulder girdle. The
last such comprehensive attempts had been made for
these skeletal elements nearly 60 years prior
(Inman et al., 1944) and for the myology, nearly
30 years ago CAshton and Oxnard, 19(3). In
addition, the results of that preliminary research
led the author to r~cogni~e that there was
potential for answering SOme of the behavioural
and taxonomic questions that had arieen from
functional morphological studieR of other mor~
complete areas of the early hominid postcranial
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skeleton. Latimer (1991, p. 112) has effectively
summarised the impor~ance of functional

,R~~.. -"-,, , ,-", ~~~" ,', " "", ,'_ ',' _, .morphologJ.C'al studJ.es Ol:~ctb.s'\"earlyhomJ.nJ.dupper
limb and shoulder girdle~ He notes;

/'-_1 ;

"The up.E(ler limb, however, is not undex:
immediate selection pressUres related. to
hipeclali ty and 'in this sense can be
considered largely independent of this
evolut:i¢nary transition. Moreover, in
an an.:i.mal whose survival depends upon
effective climbing behaviours and whose
hindlimb has lost virtUally all arboreal
function lone can expect .,to see clear
and easily recognized al.iml:;>ing
adaptations in the upper limb. This is
especially true in view of the forelimb
dominance tha t anaracterisf5}s even the
most terrestrial or extant apes."

1.5

Aims of the prea~ut study

This work aims to provide a detailed
cbmparison of the anatomy and functional
morphology of the extant hominoid shotilder girdle,
to ~escribe the morphology of the early hominid
shoulder girdle fossils and to assess the
funOtionalmorphology of the early hominid
Shoulder girdle with the hopes of interpreting
behaviour and exploring issues of taxonomy. AS a
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result of the above analyses, this work will also
evaluat;e previous hypoth~ses as to the functional
morphology, behaviour and taxonomy of the early

hominj.ds that are ba~~d on assessment of
postcranial morphology. Therefore, it is
necessar~ to outline previous asse ssment;s and
interpretations of early hominid behav~ourf and

\\
these are presented below as series of testab'le

hypotheSeS.

Hypothesis 1: The shoulder girdle of "gracile II

australopithecines possesses adaptations to
arboreal locomotion not found amongst modern
hUmans:

Since Broom f.irst described the Sts 7 scapu La
and hume iru.s(B ..-oom at al., 1950), most authors
hav~ supported the Hu~gestion that the A.

arrlaanus shoulder was adapted for climbing and
su sperisoxy behav;i.Q\d=(Campbell, i966; oxnard, ....

1968; Senut1 19?8, 1980, 1982,19&8-19$9,1989,

1991; Vrba, 1979; Benut and Tardieu, 1985). This
\1

same cone.Lusdon was reached when shoulder g:trdle
specinfens of Ii. afarensis wet'e examined (Senut,
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1986). '1'11:I.1Sth..egeneral consensus among

1978; 1980, .19.82,.1989, 1989; St.ern and susman,
1983;, Senut. ~na Tardieu, 1985; Larson and $~ern,

researchers has been that both species of gracile
hominid possessed adaptations :Lntheir shoulder
girdles to arboreal behaviour.

\The e~a ..:!tdefin~ ·',ionof the upper limo
!locomotor behaviour of A. ar.r:icaIlUs has varied

dependirlg on the examiner. 13roo~ et aL, (1950)
felt that the upper limo of A. arricanus is most
similar to that of orang-utans and thi~. indicated
that the australopith~cines were capable.
arboreal~sts. Oxnard (19G8, 1969) prop6sed that
the upper limb o..f A. africanus was unlike any
extant primates but he indicated that the species
prooably practiced a locomotor behaviour most
simila.r to Lha t observed in the IIhighly a:tboJ:'eal
orang-utan". Benut (1978, 1980, 1990)and Vrba
(1979) amahgat others, .$uggesl:.that the shoulder
girdle morphology of A. afri.c;Cl1.1US posae s'sed

adaptations to climbing and suspens6r~.behaviour.
l\,
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The )1. afarensis shoulder girdle mor~hology is
known from the A.X. .. 288 ..1 (Lucy) Shotllder.,9irdle
and a few fragmentary clavicular and proximal

The functional morphology of these spec.imens.has
been prelilninarily examined by senu t (19'78 I 1980,

1991.). i whilst Larson and stern (1986) have briefly
examined a few aspects of the nto:rphol09y\ofthe
A.L. 2SS·1L scapula. These preliminary
as seasment s of the shoulder girdle of A.

afarensis suggest that this species shares
features with ape morphology that may indiCate
adaptations to climbing and/or suspensory
be 11a 'V.iour .

Hypothesis :2 g 'rhe shoulder girdle Of "robust.If

australopithecines PQsae%sedadaptatio~. to

arboreal locomotion not found amongst modern
humans.

The known upper-limb evidence for arboreal
adaptations in the shoulder girdle morphology of
the robust australopithecine() (A. (paran.thropus)

xobuetnis , A. aethiopicus and A. (P.) boisei. i.s .
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minuscule. The" only scapular material undamaged
c''''

enough to give clues as to the :eu.notional

morphology,Of the shoulder girdJ,e is a scapular

spin.e fragment (pa.rt of the part.ial skelet.on

lU.bx- ER 3.135) (Leakey et a I . I :1.988) '" A small

glenoid fragment associa~..:. with l(!tM"ER 1500 (also

attributed to A. bOi.sei-) is so badly da.maged as to

be Qf little value in a morphblogioal anaJ,ysis

(Leakey and Walkeri 1988; Grausz et al., .1988)

However, there are two proximal hUme{i that have

been assoqiated with robust australo~'theqines,

KNM"ER 739 and OMO 119 ..2118 which are in

relatively good condition.

AS all;,of the above specimens suggest large,

heavily mus cLed shoulders I the gene.ral consensus

is that the east African robust hominida, A.

boi.sei. and 1-1.• aethi.opi.cus, bad shoulders well

suited to climping and su spen so ry bel!.;:'lriour

(Senut, 1978; Walke,r et

et aJ.. , 1988).

Hypothesis 3:: The shoulder $i!'~i\ple ~)i early Homo

possesses adaptations to arboreal lotd'~~~ot:l..on.
\1. ("
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The O.H. 1 cLav LoLe was b:t:'iginallyciescr~,bed
as being morp.ho~ogi.cally indistJnguishab'le from
those of modern Homo sapiens

1964),. However, aubs.eque.nt;evaluations of the
sp'ecirg_§!nh~'V'eindicated that it may share some

.:.-::,.<-~,,'

mQl$'pnological similarities with m,ode+,nape
\,
i'J

clavicles (NapierJ i965; Oxnard, '1969).
.:

~!

The only other shoulde,~ girdle speci~en tt,lat
is attributed to the earliest species of Homo it;
the humerus of the very fragmentary ~artial
skeleton o .• ~ 62, attributed to a small female

( . '/ '
//

~. 'i II

Hon1O ,'fJ.abil.is (Aeffaw et: a0L_t' 1987; I)ohanson et: al. ,
1987). As wii¢h the o ,H. 7 clavicle, thi~( specimen

"\ \\

presents tantalising evidence that the
intermembral indeX of this species of early Homo

may have been more ape- than human-likeJ(Johanson
et al., 1987; Hartwig- Scherer, 1993).

Hypothesis 4: Morphological differences between
the shoulder girdles of early hominids are
suffici~nt to distinguish among taxonomic units

9



Hypothesis f: " .. i' , "r ,- ' ,l' "', '" , _ ' ' , ' , ' ~~Morpholog:J..cal dJ..fferences between
'-)

the shQl.{'lder gJrdles of ~arlY;:hQ~inids are

nue"to the relati'\re paucity Of. comparable"

samples of fossil homin!~d s:~oulder girdles, the
(, \.

value of this region as a taxonomic and

phylogeI}etic indicator in earl~ hom.inids is

understudied. However I the ne"?/':t:osE;il hominid
I,

(l

shoulder girdl.e m!aterial from\\Ste.rkfontein
u
)1

described in this thesis, makes .,the comparison of
J,' ,

two relatively large fossil hominid shoulder

girdle samples pOSSible.

Differences in the furictional anatomy of

Locomot.or related skeletal complexes have been

frequerttly used to ~~sess systematic and

phylogenetic rblationship~in the fossil record.

In particular, the study, of foss.il primates has

benefited from tbe observations of differences in

functi,onal anatomy (see Szalay and nelson, 1979 i

Senut and Tardieu, 1985 etc.). Senut and Tard.ieu

(~.9B5) have t.tsed differences in parts of the
(\

post.cranial morphOlogy (the knee and elibow joints)
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of the Hadar'af.~.stral()pi'ithecines to illustratei)the

probability Of two functionally di13tinct

mOl."photypes1 and thus most pro.bably two .species t

be:i.ng p;t:esent itl. the sample.

By examining ~eatures bf a ~keletal regian

that may be related to different IImod~gnof
,I
!f

locomotion, or different specific behJ~V'iour, one
"

should be able recogrlise ta)xanom:i.cally und.que

adapta.tions, or modifications. In particular,

performing a similat form of terrestrial

locomotion, namely facultative biped,lism (e.g.
)~R.ose,19761 1984; Wrang'ham, 1980; ROdmanand

McK~nrYI 1980; Lovejoy, 1981; Gomberg and Latim$r,

1984; Senllt and Tardieu, 1985; Latimer et ~l,.,

1987; Hunt, 1990i,blLatimer, 19911 aak, 1991

etc.) I the functional morphology of the shoulder

girdle may prove useful in differentiating thes~

fo:-cms, or at leas~ differentiating species

specific locomotor adaptat,ions or modifitlations.

In addd.t Lon , :£,'leagle 0.988) has observed that many

of the medificat'iens of the musollloskeletal systel'n

that are relat.ed to filelcomotor differences are
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influenc.ed by the ancestry of the group beil1g

considered. Thus, when forms show si:rtd..la.rities in

funct.ion in one part of their anatomy di.fferel'"1.0es

may be due to diffe,~ences in ancestry.

:Recognition of the above is partioula.rly

"critical. to the study of early hominid ev;);1\utic>p.,
, . . \:~, \\

sInce much discussion has centered around the

phyloge.netic rela.tionships of the

Plio-Pleistocene hominids (White at. al., 1981;

Skelton et al., 1986; Grins, 1988 etc.}. Irt

particllla:t.", there is considerable debate

concerning the phy~ogenetic relationships of

Aus tral op i: tnecu« a:Ericenu s t A. ara.rensis and t:he

earliest members of the genus Homo (White et 3~1.t

1981; Tobias, 1991b; Wood, 1991, 1992 etc.).

1.5.1

predictio11,S

If hypotheses 1-3 are acoeptrd then a se~ies

of predictions may be made. Firstly I one W'oul(~

expect that the morphology of the shoulder girdle

in these fossil hominids would bear Significant'
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~,
r~semblances to that of extant arbor,al ape.:

se,oond.ly, the at; ta.ohmerrcaxe as for muscLes
1

as socia t;:ed .with abducb'ion I adduction and extension
" /;

of the forelimb would he enlarged over those feun.d

in modern humans, since enlCi.rgement e:f"these
. ,

mu s.oLe's and muscle groups charaoterises those apes
, _/;;) . -.

~hat practice e~tens:;..ve arboreal behaviour.
\,\ :

.' \i
'l'hir,dly the, morphology, of the shoulder girdle\\ . I ,

I \:

shoulid a110\1/exclusion of certain forms of
\\
\\

Speoi~.1.i~'H~dupper li·mb dependent locomotor
1\
\\

;pehavibur since these presumably have
Ii

.1.:::haraoter:l.stic featUres that may be identified.
\1

~inallY" the reconstructed soft tissue and anatomy
l
\\o~ t,1:1ebo;ny morphology of the ahou Lder girdle

\",,: \'\
\\ v,

re\~~;on should be round to be non - res~rictive and
,

.off\~r a wide freedom o·f movement, as one would

assume that this is an essential requ' ~ment to an

animal practicing seneralized suspensory and/or

climbing behaYiour~

Concerning Hypothesis 4, one may predict that

if A. afarensis is ancestral ,to A. atz'.i.oa12u,r:; I the

latter species will not possess any primitive

charaoters in its shoulder girdle~orphology that
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ar-e n:.ot also present in the lL ara.:r:SllS1.s shoulder

g,).rdle morphology. Likewise I th~\ shoUlde:r. girdle
'.,\

Of early Homo s.hould not possess primit:i.ve

feature·s that are not, present in it~ p:roposed

australopithecine ancestor. One lttig4i't alsO

suggest that the.re would be strong grounds for

exc l,us ion of a species as a poterrt.La l, anoesbral
e.

form if it violated. a.ny part Of the above

prediction.

Finall~, if the species of early hominid were

pr-act is ing species - spec:!f Lc locomotor behaviour

linked to the upper limbs, then these behavioural

differences should be o:bserva.ble as m.orphologica'a.

difference~ in the bones of the shoulder. One

would therefore also expect' to be I)-ble to ..infer
,1

differences in the percentage Of time allocated to

arboreal behaviour.
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Chapter 2

Materials

Introduction

It is the purpose Of this chapter to briefly
examine the skeletal materials used in this thesis
and also examine the ecology, beha.viour and
loComotion of the modern primates from which the
skeletal materials are de:r.ived. While it is

.beneficial in a morphometri.c or ,:jescriptive
a~alysis to describe the function of a
morphological compl~~ in relatiQ~ to a specific
pr,~.ma.tespecies t "mode" ,of locomotion, the
appli~ation of a rigid olassification of primate
locomotor behaviour, based on our knowledge of
prima.te behaviour at the time of this study, is
m6st. probably impossible. Oxnard et al. (1990)

have highlighted the problems associated with the
use of the' "dominant behaviour ~erminologya which

l\has character:i.seqi lJlosta\;tempts at locomotor
II
\\
\'--.,
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class'2ificp.tionand these are discussed in Chapter
1. As a resul t of stu.dieS such as oxrrard.'s I

the author has chosen not to utilise speci~ic
(i

primate locomotor classifications in {:'.'his
investigation except where absolutely necessary.
Where morphology can be related, to a .specific
funct.ion, and that function is specific to a
certain behavi.our in an ex'~ant primate species I

,'i

then its implication for specific' locomotor
classification will be discussed.

The $keletal elements of the shoulder girdle
fr\om six extant sp(~cies of Hominoidea and two
spe~ies of Cercopithecoidee are examined to
represent a diverse array of locomotor behaviour
and a diversity of body sizes. Classifications of
these species follow the tF.l;xonontyof t.hepr:Lmati\e
order as outlinccf\\in uoll~; ('1972). Etominoids i

comprise a maj6rity of the sample since the
liv:i.ngspecies' which cOmprise t~is. group ar.e
presumably the most closely relat.ed of living
primates to the extinct hominid Species under
study. However, whilst mo~ern hominoids eXhibit a

!/
II

IIconsiderable diversity of locomotor behaviour,
\\
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none utilise extensive pronograde quadruped~lism.~ .

Since ferms, of' quadru;pedalisrn appear to have been ',»
/l

the modes of locomotion ot:many Miocene hominoids
(see Sza;j.ayand rfelson, 1979, :eor a review) I

modern qua.drupeds are ino,).uded..in this study as
this particular mode of locomotion may have
significan.t bearing on early hominid locomotor
behetViour. The short descript:l..,J.] and diSG'Ussions.
which tollow are intended to ,.givethe rea~erc:
general ecological arid behavioural inf6rmatfon on
the extant primate species examin.ed whilst also
describing the variety of wmo~' of locomotion
of each species. A list of all the modern
specimens examined il}the present study is:given
in ?"able 1.

In addition to the above , the geolog,ica.l and
t~emporal derivation of the fossil hominid material
under study is described in this chapt$r, since
the context whep~e such material is recovered may

i\
"

//

l.ead to insight ...into systematics, phylogenY and
behaviour of these extinct forms. A li.t of all

Ii

the present study is given in Table 2/
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2.2

The ~xtant Primate Seri$s~
~,

" .2.2.1.1 Superfamily lIo:m.inc;d.<iea

.2•.2.1·~1.1 l?amily Hominidae
'."".,

.2 • .2 • 1•1 •1 . 1 Genus<:,11omo

2.2.1.1.1.1.1 Species

sap:J.ens

The study of the shoulder girdle cOIt\plexof
moder~'lhumans is pa:tticularly relevant to the
study of the early hominid shoulder complex, since
mOdern humans represent the only extant primates
that ~ractise terrestrial bipedalism as their
pri~ary mo~~.of locomotion.

I',I

rn the present stu<;ly
the human skele.tal series is derived from three

~~anand an archaeo16gical collecti,on of Native
populatd;.pns:aounn African zuLu, sout.hern Afric

Americans.

The Native American series is derived from
the repatriated collection of koniag and
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1?re-Koniag skeletons form~rly heild at the
Smithsonian Institution. The ,~specimenswet'e
originally recovered by Ales, grd~icka bet\'leen

"~

1931 and 1936 from a large bU\tial midden near uyak
Bay, Kodiak Island, Alaska (smithsonian records)

It is believed that the pre-Koniags represent
one of the ear1iest migrations of Asianpeople~
into North A:lerica. This populat.ion is therefore
related on1y slightly to the later immigrants, the
Alaskan Eskimo peoples t but; Ls cLoseLy re1ated to
the Algonquin paopl~. of the Bering Sea region
(Sm.ithsonian records). The Pre -Koniag are thus'
more similar culturally and physically. to the
earliest American Indian inhabitants of the
Northwest Coast than to the nclassic~ Eskimo
(Aleut) peoples of Alaska and the Aro);:.icregion.

The pre-Koniags were primarily marine
hunter-gatherers, making a living from the
exploit.ation of the marine fiShes and mammals that
are abundant on the Kodiak Island coastline.
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Approximately :3 00 ~'ears ago, th,ey we:r:ereplaoed or
d:r:ivenout of Kodiak lsla.ftdby the l<:on~agpeoples.

'\\
PhYSiqp.lly the Pre-Koniag' peoples most l,ikely

resembl~.d the less. llmongoloidU ~ featured Northwest
. \1·

)\

coast tribes to which they al.,lostcertainly gave
rise.

The l<:oniagpeoples examine.d in the p.resent
i\\"study are true IIESk.imos",re,sembling the Eskit,loS
from the Aleutian Islands in basic phy~ical makeup
and culture. They do not appear to.be related in
any way, to,the earl ier Pre...Koniag peOpl'~~}sJ but

rather represent a. eomp l.et e- replac~lment of the
"

"earlier culture sometime ~1 the early 1600'S.,

They lived on Kodiak Island from the early part of
the 17th century until they abandonad their living
sites at the same time as, or shortly after the
arrival of th~ Russian, in the 18th Century.
Th.eir culture was that of the modern ESkimo
peopleS across Alaska and the Be:ring Sea region,
surviving chiefly as marine-dependent
hunter -gathere:r;s(Smithsonian :RecoZ'ds).



21 male skeletogs and 15 female ske~etons were
exam,ined.±lithe present stu.dy. ('t

The ,Zulu ser~es, from which a sample of 50
",~!

skeletons (25 male, 25 fema].e)·was derive.d, are
members of one of the la:rgest nationa],ities oz
IItribes tt in southe.rn Africa. 'rne zulu nation has
its otigins in tribal warfare in southern Africa

II that oc.cu.r-red in the early 1800' s (Edgerton,
1,1

jj :1;988). The original .trl'bethat bore the II Zulu II

name was one Of the numerous Bantu-speaking
peoples which lived in dH:'l noz thern part 9f Natal
in what is now known as ZUluland or Kwazulu. The
zulu empire was created after ~ remarkable leader
(Shaka) I :r.·b~e to power uRing a new form Of cLose
combat warfare. Duting the middlE' and late 19th
century, the Zulus were at war with the English
and Boers. During this period, hundreds of
thou.sands of Zulus died or were displaced across
southern Africa. After the end of the wars with
the Boers and English, the zulus settled in what
is now called ZUluland. Because it was the
practice of the conquering Zu.,,luoa1;.:,l.ooto

incorporate the conquered into th$ .zulu culture,

41



(i

the population is mos~ probably genetically very
diverse (Edgerton, 1988). Thus the ~ulU ser:fes, . S§~~
used in th;Ls study is only considered a po:gulation
group {;;in the .loosest sense.

I,'.;

The Zulu skeletons were obtain.ed primariLy
from cadaver"derived material held in the Ra.:yll1o.!2d

Dart Co1.1eat::ton or .Bums..r.z Skeletal $psc:tine:r.z.s, in
the'Oepartment of Anatomy and Euman Biology at the
University Of the w~.twatersrand. !ndh,fiquals

were identified as Zulu by information opt~;ined
from the catalogue of human .skeletal specimens
held in the depar.tment.

The 11 specitaens (8 male, 3 female)
representing the Bushman peoples used in this
study are part of the cuLt.u ra),group IiBu,?hmann or
San, (see TObias. 1978) but do ~ot ihclude
representatives from the allied Khoikhoi or
"Hottentottl groups. At one time the san peoples
were apparently scattered across much of southern
Africa, and Bushmen have been en.countered along
the south-central. and southeastern coast frOIn as

early as th~ 15th «;;entu:r;:-.y(Inskeep, ':{.,978), out
-~; ~,
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· j
, ". ""Iit was not un.til 1682, whe~T'ithec'early Cape Dutch

set tlers encountered It tru~ t; bushmen ( or inland

l1;unter~gatherers and heJ7ders, that a distinction
i\,.
\'

'I/)'~ismade between the p,<aoples of differing meana of

subsistence.

\\
~ 'I'~te physir.al features of the san have been,\
\\ F,. "
\\ . .... . /' ;-~:. , ',;' , ' ,,;>

~,€!SC'~·1tb~~das being paedomorphic1 the adults being
"<;;:-,,' "

small in\\ sti:lture and retaining "infa£~tile
I

anatomica\1. fea tu;t:',~;~"('I'obias, 1918) 'f'obias

(1978) reiJ:brts that while the average heights

recorded for ''.Jan men and women have'~incres.seCi
, ;'1

i.\
over the past ce'i,,";ury by as much as J.a
centimetres, thee Q,~Verage'height for rna.1.e~;is still

less tha:r{ 162 centimetres and females around 152

centimetres.

2.2.1.1.2 Family Pongidae

2.2.1.1.:2.1 GenuS .PaD

2.2.1..1.2.1 .. 1 Species Pa12

20 shoulders 111 male, 9 female) of Pan

troglodytes were examined in Ihis study. 'I'he



chimpanzee is the most geographically widespread
Of the pongide. tts distribution has histor'i.cally
been recognize.d as spanning most of centra:l
Africa, from senegal to 'l'anz·a.nia(Figure 1) ,

occupying a variety of ecological zones rang
Chimpanzees are catholic in habitat preferences,

<~:.\

.,from dry savannah to tropical rainforest. They
are probably the best studied of all the apes
(see Goodall, 1989 for a review).

The chimpanzee may be cOl1sidered both"
te~restri.1 and arboreal in its'habits (Reynolds,
1985; Goodall, 1965; Susman, 19841 Ghiglieri,
1984; Hunt, 1990, 1993). Whilst arboreal,
chimpanzees practi8e diverse modes o:E locomotion
including arm~swing~ng (brachiation) I a variety of
Suspensory behaviou~s, slow climbing and
quadrupedalism (Susman; 1984; aunt, 1990). While
terrestrial, chimpanzees primarily employ a form
of quadrupedal locomotion where the weight of the
upper~iimbs and body is borne on the middle
phalanges of the 3rd and 4th digits.
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trhemain j;<i>odSOf the ch.Lmpanaee a:refruits
, jl

I

and leaves, b~~ they commonly augment this diet
with insects IWnd small mammals. Males may reach

:'·1 '.\

"

~leights arou~i!i9Ok9, but in the wild rarely exceed
40kg.
wild.

'l"heskelet~:alseries examined in the present
study is deriv~~d from populations originating in
Senegal, Zaire. the Central African Republic, the
people's Republic of th~ Congo and Tanzania.

2..2.1.1.2.2 Genus Gorilla

Species GJor:l.lla.

gorilla.

'rAe gorilla Lnh.abd t s the west and centrai
tropics of Afr~9a (Pigure 1). There are three
recognised sub~pecies that are considered to
maintain geographical iSOlation (Harcourt, 1984).

Skeletal elements from two of the subspecies, the
weste''rnLowl.a'ndgorilla (Gorilla gorilla gO.rilla)

and the mountain g'(),!,'illa(Goril.la gorilla

bs:t:'ingei) are examined in the present study.
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Gorillas show a preference for secondary (/
herbaceous forests and the.irmodern distribution
is therefore limitei by~~iminishing habitat.
Gorillas may be considered primarily folivorous.
They are the largest of all living primates, wild
males averaging around 170kg. However, wild
weights 01: as much as .2 0Okg have :been r,ecorded
(Schaller, 196a). Female gorillas are
considerably smaller than the malest averaging
aroUnd 90kg (Napier and Napier, 1985).

Gorillas employ true HknuCkle-walkin~n while
terrestrial. In this form of locomotion, all
the weight Of the upper limbs and body is
supported on t):).emiddle phalanges (Hunt, 19,90).

They are one Of the most terrestrial of all
primates with adults rarely climbing trees
(Schal1erp 1963). Nevertheless, gorillas aJ:'9
efficient slow climbers during their infrequent
climbing ~essio.ns. Gorillas az e known to 'enga~ye
in brief, infrequent bouts of bipedali$m1 It is
unlikely that adult gorillas perform true
braChiation in the wild but they may exhibit
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limited arm-swinging behaviour (Schaller, 19~3).

f:-l1

15 male and 5 female gorilla sho~lders we~e

examined in the pre~ent study. The go:d.ll.a

ske.LetaL series examined in the pres8nt study was

obtained from a population in the Virunga

volcanoes I south ..~17estern·uganda as well as

Nigeria, cameroonl Gabon and the Congo.

Genu.s .P01Jgo

2.2.1.1 .. 2.3.1 Species

There are two recogni.ed living subspecies of

oz-angv.u t an-, i?ongo pygmaeus pygmaeus and POI1.go

pygmae.ue.. ab'3!11i . Historically their'
li

geOgraphical distribution has been confined to

the islan~s of Borneo and sumatra (Figure 1) .
\ ;

Both sUbspeqies have been extensive1)lY studied in

'the W',ild and. they have been f9und to exhiBit

similar behaviour (MaCKinJ?o~nt1974). ~rhey live

mainly in upland forest. area, where they subsist

on fruitlJ but also eat new leaves'~ snoots and
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bark. orang-utans' home ranges are small,
extendin.g"ovez'apprbximately 70 ha , Day ranges do
not usually exceed 300m (MaCKinnon, 1974;

Galdikas, 1985; Pleagle, ~988). Adult/males
typically extend over much larger home ranges that
Oi!e~tlapthose of several females.

Ol:'ang-utansare extremely sexually dimorphic,
the males~averag~ng 120 kg and beLng
approximately twice the size of the females

".1.

1Napier ind Napier, 1985). The limbs of the
orang-.q,'tanshow ex.treme speCialisation for a life
Of suspensory b~haviour. Their forelimbs are very

"

long, ending in hooklike handS with long curved
fingers and a short thumb. Their legs are very
short, but mobile, ending in prehensil'e, handlike
feet that have long cUrv~d digits an.d~ short
hallux.

Pemales and y~uI(tgare almost exclusi1.rer,iy
arboreal,,!only rarely descending to the ground
(Sarmiento, 1985). Males travel on the ground
mOre frequently, but usu~lly only to change trees.
krboreally, the o:rang-utans typically use a
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slow-quactrumanous climbing where their hands and
feet are used interchangeably to pUll them through
the upper canopy (Sarmiento., 1985). Whilst on the
ground they move quadrupedally with their hands
held in..fists (:M:ackinno~'lf1974). only tarely do
thcq engage in bradhiationl and then only when
fleeing danger.

12 male and 20 female orang-utan shoulders
were examined in the present s't.udy.

2.2.1.1.3 •amily Bylobatidae
Genus eylobates a.nd

Sympb.alangul1

Species

eylobates

species

and.

SYlllpbala1Jgus

syndactylus

2.2.1 ..1.3.1

2.2.1.1,3.1.1

;;

The hylobatids, or gibbons, are the smallest
and numerically most sUccessful of the living
apes. Species of gibbons are found thr~ughout the
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vast evergreen forests that run' froTClIn'tlia to

southern China,. as well as Borneot 'iTava and

Sumatra and the nearby islands (Figure 1) '.

considering t:.f:eir extremely wid€l,range and
f{'~

diyersity of ha.bitatsy the gibbon'S b~haviourt

ecology and morphology are remci.:'rka:blyun.ifprm

(Chivers I 198.4). Gilit{ons are vgeneral1y gr(~uped \in

three categor:ies: the siamangs I the concolor

gibbons, anc"Fthe lar g'ibbons. Thee greatest

Ulo:cphological di:eferences are found in the two
i

, ~.

S!;:~ciesf JIylo,ba.t;es cotico.l or and $ymphalang$s

sYlldactylus, that exist sympatrically in the

fores·ts of Malays~a {Chivers, ~g84J. In the

present study, all the specimens classed as

Hylobates sp.. are members of the «oonao ior» group

{a more informal $rouping of ~eve:ral species of

p,yJ,Qbatids (Chivers, 1984), but not all are

members of the spe cdes Hylobates ootuiol.osr ,

~ibbons are in, many ways "the most primitivE!

of t~e apes, retaining ilnanyl11orphological features

fo~nd in cercopithecids. They may also be

consid.ered the most sp'ec.ialised of alL the

homd.nod ds in their lOdomot6r behaviour. GilJpons
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aze the mosO,>.S'ltspensor:y .of al.l the pii.mates I

mov.tng almost exclusively by two-armed brachia.tion

~)Land..quadrumanous climbing. Irhe small)f!~lr§f1dpies

of hylobatidS use rapid ricocheJ:al bra~'~i~{ton in

which they throw thems'el ves from tree to tree .

. The larger siamang travels maiIlly!py slow/

pendulum-li.ke, az'm over arm brach:iation (Fleagle.,

19 a 8) •• Gibbons are the .only primates other than

humans that do not .;include quadrupedalisln in their

l..ocoritotot repertoire.

15.Hylobates sp . (9 male, 6 female) and 4

Siamang (1 male, 3 female) shoulders were examined

in the present study.
J!
/1

2.2.1.1.4 ram~ly Cercopithecidae

2.2.1.1.4.1

2.2.1.~..4.1.1

Cercop:lt.b.ecus

ae tb.:J.ops

The vervet monkey is the most wid'espread of

the guenon species, bein~distributed. throughout

SUb-Saharan Africa. Although extremely catholic'~
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.. _ -/If

habitat prefer.ence is ~~eported ;('/:.o b'e w.oodland
II _; - - - - it

r
savannah and galler"y foresl;S {Jjblly, 1985; Napier

and lsrapie:" 1985/~)~t, Xt is "the inost.'te:r.re~.~,:ri,;;l.l

of ~ll gti:nons ;;f~o% of all lOO~~:PtiOn), fr:~dentlY

leaving "the tl;ees to forage on the ground

(struhsal~,er ,!' 1978). \TerVet monkeys/ are

preqlclItti:n?lnt.ly guadruped,;tl even whilst· arboreal,
{I ,

wi/h leaping 'ahd other forms. of looomotiop ma..J:;,ing
.,( . -- -- .. -, if - \\

'/ __ _ _ __ _ _ _ - _ _ II '
up less charr; one -quarter of their total ~oOOt~iotbr

';"

a.ctivities. "1hey subsist on almost any food,

including smal.l invertebrates.

sexual dimorphisnt in the vervet is not as

prbnoun6ed as in baboons. Total length excluding

the tail averages 45..0- G5Gromin both sexes.

l.<'ema.levervet monkeys average around 1440g in body

we~1ht and mal e s about 2200 g (Napier and Napie:r: J

1985) •

2.2;1.1.4.2 Ge~us :PapiQ

2 .>;3• 1 • 1 • 4 • :2 • 1 Species

pap:J." ..ursin uS'
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The chacma baboon is one of five allopatric
species of sav~nnah-dwel1ing baboons in Africa.

1\The beha~J""i-.o\lranq eCI';:llogyof this species is
\\

one of the best dqEtl;'fted of any of theA:rican
monkeys (see .1011\1,19t2 (;tndF.leagle, 1986 for
reviews) . They are found in almost every

o - Jfenvironment in sub-Saharan Africa.
primary mode of locomotion may be considered to be
te:rr:estria,l,pronograde., quadl:upedal Walking and
runnl,ng. They usually Seek shelter in trees or

1:,:;::li££Sfor sl,lfepingand resting. Their main
foods are :ripe fruits, roots and tubets, grass
seeds, leaves and acacia gums, as well as the
occasional small mammal or invertebrate.

The chttcma baboon lives in large, socially
complex troops ranging from thirty to more t.han
eighty members. The troo~s occupy extremel.y large
hornera.nges which often exceed 4, 000 ha in cq:-ea.
\\

A troop may travel more ttLan S km per da.yduring
foragil'lg. Sexual dimorphism is pronounced in the
species. Males are reported to weig~ on average
31 kg, and females around 27 kg (Fleagle, 1988),



J'l'wenty-eightspecimens of l?apio ursinuS were
examined in this study. All the specimens are in
the Department of Anatomy and Human Biology,

University of th~:~z'witwatersrand<

'l'he Fossil Hominid Serie,s

2'.3.1

Intrl:>duct:f..OIl

The present st.udy is primarily concerned with
the reconstruction of .,thefunctional morphology of

1,::_"

early African hominids. The _:r:elativepaucity of-. .'

fossil shoulder girdle specimens wh:i.chhave been
recovered from plio-Pleistocene depOSits
highlights the tapho;nomically fragile nature of
this anatomical region.

Only t;..\o;OPlio-Pleistocene hominid bearing
lo~alities have yielded more than a few
well-preserved shoulder girdle specimens and all
Of these are currently assigned to a single
lineage of "gr~~cileu australopithecines. In
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i\
contlsast l only two snclulder gird.le specimens

'. ... ,i.

attri~b'llted to' the s.p-called II robust "

aust.r.alopithecihes are well enough preserved to

warranr;, morphological comparison.
/'\

The remainder
"1\

oL t.he fossil shoulder ,girdle specimens ret'erred

to the r'obu s t lineage of australopithecin~.s are

ei tJ;Ier t.co fragmentary to make rne'i:l.l:dngful

function,$;l interpretat.i1::ms I exhibit pathological

condi tionEI which al ter or obscure their

mOl:'phologYf>or are those of juveniles ICPay, 19'76,

The same is true for

most specimens attributed to early members of t~e
1'5

genus uomo (Pay, 1976, 19T8i Walker et: e I., I 1982;

~eake1 ~nd Walker, 1985; Johanson et al~, 1987;

walker and Leakey, 1993 etc.) and there is only

one pUblished adult specimenwhidh is sUfficiently

preserved to enable functional morphological

comparisons to be made (Day, :1991). The fossil

series examined in the presemt study are

derived almost wholly fro;t). tW.Q geographi?

regions, eastern and southern Afric~\ and spa.n

around 2.2 million years of t Lme , from about 4.0

mya. to about 1.8 mya.
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'rhe southern Af,;ri~~a:nfos,e;dl st'lnl,pl,e is\
\

n'
African material is der£v~d pr:tmar::t'l.y

I
fr,om the

formations at Ha9-ax I Et:h:~oJ?~a. ! so:Uated shou Ldez'
I

girdlll=\ spe;\(.~imensh.rt'Ve alsb been recGlivered from
i: . ... i

i
$ites ii in the, omo , .Etltiopic~ at Kt:?ob Fora, K::mya,,

~t\a'.\:erial .

'rhe att.i'ibution of cer1tain spec5,imens to a

relationsh·:.i.ptJ. Where th~~individuals

represented by. fossil should.er girdl(a ellements are

classified in this study~ except where

indicated" thf.s author has <::hosEl.nto accept the
'\ (I

most comm9nly 11,e1dview of classificabioln at (~h$-'''-''

time of wl::i.ting"1
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2.3.2

The Sites

2 •3 .2. Southern .Afriea \",-,~!

2.3,,2.1.1 South Africa

2.3.2.1.1.1 St.er]tfontein
'J

(Figure 2)

The early ho.minid remains, ~teaovered from
'<-"-"'::~

'\

Sterkfonte1rn are found in t\'10 of the six members
1/
If

~ecognised in the sterhfontein Formation...... . . \-,

(Part~idge, ~9a2): Member 1 where specimens

specimens of Homo habilis have been recc)vered,

representing the S~'l\\Cies Austra.lop:itheau$

afr:i aenue have been recovEtred, and Member 5

well as.~t least two stone industries (Kuman, ir
pl:'ess).

In 1947 R.. Broom and J. T. RObinson diiscovered

the heaq; and proximal shaft of a righ.~ humerus t a

fragmentary right scapula, a partial vertebra and

assorted rib fragments in close association with a
crushe~ mandible in part of the Sterkfontein

deposit known then as ta~ Type site (Broom and
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Robinsor.., 19471 ,:Broom et: al. I ,,1950) I ~n.d
ifcorresponding to the subsequently 'recogniSE!lP
() ,. \

" ::--,(!

Member t;t. Due to its size and stage of derttal
wear, the mandible was identified as that of (an
old, adult male .Plesiant::.1:J.ropu./J? transvaal ene.i:«

Broom (.:.4..ustra.16pitb.ecus a:frical1Us [see
Robinson, 19541-). Becau •• of the c~ose
association of the postcran,ial remains to the
mandible, they have been considered as belonging
to the same individual and ~hus given tlle
r.:ollective catalogue number of ~l):.a 7

;J

Seven additional specimens of shoulder girdle
material have been recovered by r.v. Tobias and
A. R. Hughes since the excavation~:;:/atsterkfontein
were renet'1edi"1 December, 1~$6 .c.cll Stw 162 is a

"

left scapular fra.gment recovered in 1983 by,.f\..R.
nughes and members o~ the excavation team from
grid s9uare Aa I 49 at a depth of 51 2" - 6' 2 n •

It has been assigned to Member 4 (Tobias, 1984;

R.. J. Clatke, pazs, cromm.). The Stw 328 speciraen.,

is a ira}.,Lentof a rigbt projdmal humerus
recovered in 1985 by Hughes from arid square. u I

42, 9' 0" - 101 4" (Tobias, 1986) and has been
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assigned to Member 4 (Clarke, ~,ers. comm.) The
I)

Stw 431 spscimens are the lateraX onewhalf pi a
right clav~cle, and the.axd.llary margil:land

l)
f.i

inferior angle Of a right scap~la. These
specimens are part of an aduIt par.tial
skeleton which has b~en assigned to the ~)p,ecies

o 1/ .

q (,.

Aust:ralop:ithecus arrioanus ('I'Cus saint.::et: al. I in
preparation). The specimens were recovered from
gr±d squares R/45 and Q/45 at a depth of 21' 11" -

25' 611 in 1.986 b)'A.R Hughes and members of tne
sterkfontein field team (Toriias, 1987). Stw 517

is a fragmentary left proximal humerus. The
specimen Was recovered in 1968 from grid square
k/40 at a depth of 2.010" ~ 21' 4" . It has been
assigne¢!.to member ·1 (Clarke I pers , comm.).
Whilst undeniably fragmentary, in shape and
morphology all of thejse more recently recovered
specimens are certainly attributable to the
Hominoidea. Since this study recognises only a
single species of Aust;ralopithecu$ from M.ember 4,

it is most reasonable to attribute these specimens
to the hominid species Australopitheou$ africa!Jus.
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The age of the Sterkfontein M$mber -4 deposit
(i

has been established primarily by faunal
corr~lation with ~ast ~frican siteS (Cooker 1963;

Simpson, 1971: Maglio and Cooke, 1978; partridge,
1982; Vrba, 1982; Deleon, 1984(lt :1988;MCKee, 1991

1993; partridge and WCltt, 1991; Berger, 1993;

McKee et al., in press). Faunal dating of
sterkfon.tein Member 4 indicates an age fo·!_'the
deposit at around 2.8 to 2.4 mya.

2.3.2.2.1 T~n~ania

2.3.2.2.1.1 Olduvni Goxge

(Figur\~ 3)

q
",IiOlduvai Gorg'e is a fri:ft)canyon in the

serengeti Plain north of lake Eyasi and west of

Ngorongoro Crater. :r.n 1960 a nearly complete
left clavicle, oa 48, was discovered by ~.S.B.
Leake.y in the F'~K NN Site in Bed 1 at Olduvai
Gorge, Tanzania (L.S.B. Leakey, 1~60). L.S.B.
Leakey et al. (1964) and tobias (1991b) ~ave
tentatively attributed the specimen to the taxon
HOffzo habi.l1s because of its associa.t:Lon on the
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same si:te with cranio~dental remains of at least co

four individuals attributed to this species
(\

(Tobias, 1991b, pp. 541 ~ $44 and M. '.Leakeyfs

Appendix 1". same volume) .
;Gi

Tbe sediments in Bed 1whera the specimen was

reco,r~red have been dated by Argon/A.rgon methods

to ar\~und~1. 7 ~. 1.8 twa (Hay.:, 1976).

2.3.2.2.2 Kenya

2.3.2.2.2.1 It.oobi Fora

(Figure 3)

Hundreds Of fossils of early hominids have

been recove~t'ed from sites at and around Koobi

Fora, East Lc.l.R:eTurkana in northern Kenya since

··t\~;;#t.V. Le~key initiated exoava.t dcna there in 1968
':' \ \:',"

( Leakey, 1971j' Leakey et ai., 1972; Leakey, 1972;

L.eakey, 1976 et~"l.) . To date, only a small number

of fragmentary shoulder girdle elements have been

reco"ered despite extensl. ve surveys and

excavations. The first shoulder girdle sPecimen

was discovered in 1970. KW1!t"li:R 739 is a large

right humerus with the shaft and distal end
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preSeJ;Vedf but::,,,mi$sing the head. It was recovered

from ,the Chari" 'ruff and is dated to aJ;o;q:nd 1.53

(Peibe.l et: eI..I 1989). The speCimen hets ri

tentativ.ely been attJ;ibuted to the genus

Ausf;;Z'alopithecus, {Leakey, 1971; Leakey et: al.,
F . <-:..

'(, EJ

1972; lJay and Leakey, 1.974; ]]ay et aI., 1976).
_if

,\
!

\\
!:NM"Sll 1~73 is the proximal pOJ;tion of an '

adu Lt; ;rigkl.t humez ua p..~'''1, the a,:r:ticular surface of
o

the humeral head recO\r~re'd from the Opper Burgi

Member (Leakey, 1973; Day at al., 1976), daf.{ledto

2.6 - 2.0 mya (Brown et: a.l., 1.985) OJ

(j

The most recently reported find is a small

scapular spine fragment associated with the

partial skeleton 1tNM:~ER 3735 (tleakey et al. I

1989) I but the author has been unable to obtain a

cast Of this small specimen and no formal

description has been given.

2 .•3.2.2.3 i3tbiopia

2.3.2.2.3.1 Om.o

(Figure 3)
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The Onto sites, .situated in the south-west of
Ethiopia, q~ve been geologically and

,~ ;/palaeointoifogically. explored since early French
;f
:1 ,expeo.itiOl'iS;prospected the,reg;Lon in 1932-1933.,-

II
:Hominid material has been recovered from the Omo
region since the late 196~ts,

There are numerotis r€:cogn:i.sedformations
within the Omo depQ~its but only the Shunguru has
yielded shOulder gi~dle elements of early
hominids. Th'e geochr.onology and member success:i,.on
at omo have bF.:snest,ablished by both Argon-Argon
dating and faunal succession (Coppens I 1975;
Coppens and Howell, 1976; Maglio and cdJke', 1978;
13onnefi11e at ai., 19B7; Churcher, 1992). Members
are lettered ;l.:romoldest to youngest (e.g. Member

I:

A, B¥ C ••• etc.'y.

Only one shoulder girdle element, a left
proximal humerus and shaft lapelled ,\OMO 119 ,"
2718, has been reported from any of the Omo sites
(Senut, 1978). The specimen was recovered from
Member D in the Shungura Formation and has been
dated to approxima.tely 2.5 mya (Brown at el , I
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1985). This specimen has been attributed t'bthe
genus Austra.lopitheous (Senut I 197 e) and most
probably to the specie$ AustralQpi tsiiecus

aethiopiaus ,(Kimbel et al. j 19as) .

2.3.2.2.3.2 '~·:a:a.dar

(Figure 3)

Between 1973 and 1977 tUe international A~ar
Research Group recovered numerous remains of
fossil homin.ids and assood a't.edfauna from the
Hadar :Formation, central Afar! Ethiopia (Johanson
et: al , 1978i JohansoIl et «i . I 19(2). Included in'

the finds is a 4Q% complete skel~ton, A.L. 288-1,

popularly dubbed "LUCY". The parts of the
skeleton referred to in this study are the right
scapula (A.:r:..288-11.) t right clavicle (A.:t..

2iiS..l:Sz), and left and right proximal humeri A.L.
2a8~lr and A.I.. JaS-1m, respectively). These
specimens w,ere described by Johanson et: ei .

(1982). Additiona1 observations and measurements
were made by the author using casts supplied by
the Insc1. i:ute or Human Or3.gins. 'rhepartial
skeleton is attribut€d to the species A. a£arensis
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by Johanson e.t al, (1;979) and is dated to 2,6-
-,

/1
2.9 my a (Bro:Wn, 1982). (',

During t](e 1;·974-19 71 field seasons several
/,
//

fragments of/'upper limb materia.l w6+,e recovered

from Hadar including the followin.g shoulder girdle"

matet'ial = a left cl.a.vicular fragment (A.~.

333 - 94) r a "right clavicular sh~ft (Ad'''e 333.'J-619) ,

a left proximal humerus (A.L. 333"SI) I a right

proximal humet,,~+s(A;\.L. 333 ..10'1) f and a right

humeral shaft (A.It. 3.33-109). The descriptions

used :tn the pre.s~:}nt stud.y are taken p;cimarily from

(1.982) •

There remains considera.ble controv~rs¥ as to

the age of the hominid fossils .from Hadar. some

scientists have placed the specimens recovered

from the 333 site ar-ound 4.0 mya (White and

Harris, 1977; Cooke, 1978; Harris and White,

1979) f but it is mo~e likely that the specimens

are closer to 3.3 mya in age.

Some investigators consider that the

substantial amount a of fossil hominid material at.
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Hadar, represent two speoies ';of hominid being,

rep;r:-esent.ed in the sample, a JlroDust" and a-n
"grac ~.le II variarit (Johanson and. Taieb r 197'6i

(),~,

".. ' "·~,0
Johanson et sa , j ,1-976, 01sen,f 1981.i::; COJ?pens, 15{,S1,

~'>/ '~

1982, 1.983a,b; Senut, 1978; 1981a, bf"J:'982i Senut

and Tardieu, 1985; ttardieW, 1979, 1982, 1983).

However I 'it? seems t.hat a maj ori ty of authors have
'c: /;

.:!£:!)'i '::
settled 011 tl1eosingle-species hypothesis arid

{'l~I n

assigned al the specimens to a sin.gle highly
<~\

sexually dimo.lrphic species Au.stral opi: tzb ecue
)1 ..

afarensis. Kimbe--.;k)(1985)I and Kimbel and White

(1988) have since reported that there is little

doubt that only one species ('of Australopithecus

is found in the Hadar sample. Nevertheless, the

taxonomic affirlities Of the Hadar sample are still

an area of much debate (Tobias, 1980, 1988b;

Tardie.U, 1981; White et: al .. 1981; Senut and

Tardieu, 1985; Zihlman, 1985; McHenry, 1988;

MCHenry, 1.991; Hartwig-scherer, 1993). Some
"

authors include A. ararerlsis within the, spe cdes

A. arricanus though as a separate subspecies I

whilst others recognise a probable secQnd species

at Hadar (e.g. Tobia.s, 19BBa, bi Tardieu, 1981.;

Zihlman, 1985; Senut and Tardieu, 1,985). However,
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most continue to regard Ii. a£arensis, as a
morpho].ogica.l1y distinq,~<sI,'ecies(e.g. A.ie.l]'oI

19E1; Johanson et al.\ ~9S2b; Jungers~ 1982;
'~Ji.

Jungers and Stern, 1983; White, 1985; Ske.ltotl et:
I

\(

en., 1986;. MCHenry, 1.988,,1991,1993;

:Haptwig-Scherer, 1993, etc.). For the purposes of
the present analysis, all of 1!ihe
australopithecin~ material from Hadar is
considered to belong to one ~pecies A.

afarensis.

2.4

Summary
I)

The mEitrical and nOl'l-metricalanalysis of the
extant osteological material used in this thesiS
is based upon data collected from the measurements
of the scapulae, cLavdcLes and humeri of 251

individuals representing 8 species of primates.
The skeletal specimens are derived from the
collections of the Department of Anatomy and Human
~iology, University of the Witwatersrand,
Johannesburg, the Transvaal Museum, Pretoria, and
the Smithsonian Institution, Washington D.C.
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\:
eat'ly hom.inid s''houlder girdle 1;pssils are

{, ....j -:--'-'<:, ;
I '

to t'h,e m6tleJ::n_"skeletgl sample, 20.

Each '~pecies I chronOlogical .po.sd tLor;
'~

-';

is summarised ::l..np'±:$ure 4. In this thesis I all o.f

the p:j.iocene specimelis from Hadar a.re referred to

the species Jiustralop:1.tAeaus a:faren,sis. The \\
\ 1/

specimens derj.ved. from M:ember 4, Ste:t.~kfontein ar~
\\ ,II //'

:'i

The si.ngle specirne4(t
~; ;;

from Oldt1.vai Gorge is referred to the species 11 Homo
n
I ()
'I

habilis. one specimen from the Omo and two ~!rom

Koobi ~Fora are not placed in any particula'+!'

species but are referred to the genus

Australopithecus ..
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Chapter ..3

~i:ethads

3.1

Introduction

Measurements used in this study were chosen,
in part, on the basis of those Used in p.revious
biomechanical, functional, ana.tomi,caland

.... / \ 1

\ /

morphometric stUdies of .the sca.pula, clavicle, and
humerus. particular em:phaf:JiswaS given to the
studies conducted by Vallo-t (1924t 1926a,b,19.27,

1928, 1932) t Schultz (1930, 1!:137) r Olivi.er (1951),

Ashton and Oxnard (1963,1964), Oxnard (1967, 1969,

1972, 1975, 1983, 1990)j Corru~cini and Ciochon
(1976), Se~ut (1978), Vrba (1979}, Sarmiento
(1985), and Churchill and Trinkauj (1990).

I

Wherever applicable, the definitions of the
measurements or angles, as described by Martin
(1928) or ])I.tartinaridSaller (1957), are adhered
to except where more recent literature suggests
otherwise. In addition, measurements Dot found in
Martin (1928) ",j:- Mart.in and Saller (1957) but
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n,1

accepted by more recent studie~are included. In
~his chapter, the etymology of the pame of eaoh
measurement is given following its definition.

3.2

Anatomical Nomenclature

Anatomical nomenclature used in
descriptions of the mode:r.n,skeletal seri$!s, as
weil as for the fossil hominid sel::"iesfollows,
whel::"epossible, that found in the fifth edition
of the Nomina Anatomica (1980). In most cases
the English. equivalents of the Latin fC\r.:nshave
been used.

Whilst man-: of i' he anatoh1ical terms used in
this study ar, ~adi.1y found in anatomical texts
such as Swindler and Wood (1973), Gl::"aysAnatomy
(Williams et: e l:,', ,:tSl89), or Tobias et: al. (1988) t

others are more obscure. Therefore, where
necessary. these terms al::"edefined in the text.

10



3 .3

SeJ.ection of the Mode:t'Il:S~~leta;l uSe:rie s
i':

!n most cases selection of modern individual

bones wa.s confine9- to adult specimens on which

complete s.ets of d.ata could be taken, except in
"

(~;th<:!Case of the Alaskan Indian population from the

Smithsonian lnstitut:i,on. This series was derived

fr<z>mexcavated mat~rial and mc;ny of the specimen,s

exhibited pos.tmorteG, damage. Any specimens that
:;:·;c

were beli.eved to have sufcHered antemortem injury,

or exhib:i,ted bone pathology or other

abnormalitiesJ were discarded in favour of visibly

normal material.

!n gene:t;al, specimens representing captive

animals were rejected in favour of field

collected ~ild specimens. The only exceptio:ns

a.re the series of papia ursinus and

Ceroopithecus aethiops . A majority of tbe

• . . n. , ... ..,' _ . .. . .. .• i: .skeletons: a,n tHese two samples or~g~nated from

populaticms of captured wild animals that had been

used in medical research by the douth African

Insti tiu te.! for .'fvIed:ical Research (SAIMR). These
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animals wet'e

varying lE$ngths of time before being sacrificed.
\\'.

Selection from'these s.?,rnples were espe~iallY \

strict and any skeletonwhichexh:ibitedpossibl~

damage (even if most likely postmortem) were 11.0t

used :I;'h this st\.ldy.

'l'he Metrical Characters

Definitions o~ the Linear

" MeaSUrements

1. Anatomical length of the scapula (Fi~p..n~e s.a,

No.1) (measurment 2: !ira.rt:Ln'artd Saller, 1957t p.

528) .. This measux-emeIft is taken frum 'the midpoint

of the 9-orsal margin of the glenoid cavi t!)r 'to t·b.li:
.: \

midpoint of the vertebral end of the l,s'cap1.;llar

spine. Broca (18'" S) named this xn,easurexn~nt::.the

I1morphological breadthtl• Thif3 measurement has also

been cal-led the n scapular breadth" (Hrdli(~ka;

1942, p. 37S}, the "breadth of the scapul~"

(Hrdl.i.oka, 1952, p. 171); the "scapula

morphological length" (Montagu, 1960" p .' 68;
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Corruccini arid Ciochon, 1976, F:i.,gurelA, p. 22),
and the "max.imum hreadth" (:eass, 1971, 1979, 1987,

" p. 117). Neverth$less, the definitiolJ, of the
measurement ha~ remained largely the same.

'i'

2.. IJen9t~ 1".)£ axillt;\:ry ma.X'gin (Figu:t£eSa, No .2) ~
'<.~

This measurement is taken from tliemost caudal
'I

point on the glenoid margin of the scapul~ts
(: \,\

»glenoid cavity to the 'most caudal point on tt.a
iltfe~J.orangle of the! scapula (Measurement:3 :

differs from that of oxnaxd (1969, Figure 1, p ,

320 ), 'who uses the most caudal marking of ro.

serratus m(39'nuS (vel anterior) as his inferior
A ma:iori ty of author's do not use

6xnard's definition but adhere to the definition
used in this study (see'Vrba's 1979 discussion on
this matter~ pp. 120 ~1.22 ). To make the results
obtained by the present study more broadlY
comparable, the more oonsistently used definition
Of this meaSurement has been adhered to.

3. Anatomical breadth of supraspinous fossa
(Figure Sa, No, 3) - This measurement is ~aken
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from the point o.fint~rsection of: the line
defining ,the anatomical breadth ot" the scapula

(Mea.surem~,nt6, this chapter.) and the line
defining ~,he anatomical lengt;h. or the scapuJ..a

(Measurement 1, this ar.apter) to the most cranial
pOint of the cranial angle (Measuremeftt 6a:

Martinoand Saller, 1957, p. 529) .

4:. Anatomical breadth of the spi:ll$ of the scapula
(Figure Sa, No.4) - 'r'hismeasurement is taken
across the .pine of the scapula at the point where
the anatomical breadth of the supraspiIlouS fossa

(me5~urement a) intersects the superior margin of
the spine. At this point a measurement is taken
from the mosL cranial to the most caudal point on
a line perpendicular to the axis of the spine.
This measurement is equiv~lent to Corruccini and
Ciochon's (1976, Figure lA, p. 22) "spine
thic~~ness".

5. Anatom.ical breadth of infra.:.¥~i:a.ousfossa
(Pigure Sa, No.5) (Martinand Saller, 1957) - This
measurement is taken from the midpoint of the
vertebral end of the spine of the scapula to ths'



mcs,,tcaudal point on the inferior angle. This (~

measurement is also. known as the uinf~aBpinous
neightll, or irinfraspinous length" of the scapula
(Bro.ca, 1878) and the uinfraspinous fossa breadthU

(Mcntagul' 1960, p. 70; Corruocini and ciochon,
1976, $igure lA~ p. 22).

As $arly as 1886, Turner had expressed
j·~eservaticn ab.out;the use cf this measurement
because of the .reat £luctuatio.n in accuracy of
measurement tnat"is a result of tha bend cf the
scapular spine ~nd consequent displ~cement of the
Locatsdon 0.£ the pcint at t.hs spine is vert.eoral

,.
1\bo\ttder. Dcrsey (18B7) subsequently noted that

the use of the anat;omica). breadth ot: the scapula

as a''''ccmparativemeasurement did "not seem wcrthy
of much con.sader'at.Lonw • Althou9b. many later
researchers have concurred with Dorsey's
sent.irnent,the measurement has continued in use in
recent literature (~ee Martin and Saller, 1957;

Ol:)."1/ier,1960; Ashton and Oxnard, 1963; Oxnard,
1969; Corruccini and Ciochon, 1976; Bass, 1971,

1979, 1987). Hrdlicka (1942, pp. 375 ..383) has

indicated the need for this measurement to be
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II supp.Lemantied by SOmE'~2hingmore reliable".
Nevertheless, most recent morphometric studies of
the scapula have included this measurement under

the name "Length of infraspinous 1ine II (Bal:!s I

~971, 1979, 19&7, p. lIS).

6. Morphologic.Hl'l breac1tb.of th.e scapula. (Figure!)
sa, No. 6t (Montagu, 1960. p. 68) - This
measurement is taken from the most caudal poLnt; on<!
the in.Ee~ior angle to the most cranial poLnt; on
the superior angle. This measurement has been
known as "length of the scapu Le," (Broca ,1878;

Martin and Saller, 1957, mAasurement 1, p. 528 ),

"scapula total heiglitll (Hrdlicka, 1952, p , 170) I

and "Maximum length" of the scapula (:Sass,
1971,1979,1987, p. 116) .

7. Acromion width (Figure Sa, No.7) (Martin and
Saller (1957) measurement 9 (p. 530» - This
mea suxement; is defined as the maximum acromial
width measur-adperpendicular to the estimated long
axis of the acromion (Corruccini and Ciochon,
1976, Figure lA, p. 22).
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8 Depth of the scapular glenoid ca-v-ity (Figure

5b. No, B) ~ This meas~rement is taken from a )
"

j

point which lies on the line created by the length

of the glenoid cavity measurekent (measurement

10), perpendicular to the. point of grea,test depth

of th~ gJenoid cavity. This follows closely the

definition of glenoid fossa maximum depth (GFO) by

Churchill and Trinkaus (1990, p. 149). It is

equivalent to Mart/~~.nand saller's (1957)

'.)\ ;\:'tneasurement;:3.4.

9. Length of the coracoid process (Figure 5b, No.

9) (Measu~,::ment J.1: Martin and saller, 1957, p.
=»S30) - This measurement is taken f~>om the most

anterolateral poi:n:t: of' the coracoid process to the

most posteromedial extension of the coracoid

process (see also Corrud'¢ini and Ciochon, 1976,
"

Figure lB, p. 22).

10. ~ength ~f scapular glenoid cavity (Figure 5h,
No 10) (Measurement 12: Martin and Saller; 1957,

p. 530) - This measurement is taken from the most

cranial point on the (glenoid) margin of the

gleno.id cavity of the scapula, to. the most caudal
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point on the (glenoid) margin of the glenoid
~;

cavity. Vailois. 01932) uses the ftmost elevated

point Ii Of the. superior pro] e.c t.Lon of the glencd.,.d

to id.entify the superior point of this

measurement. This measurement has also been

l·abelled "glenoid !~height" by Corruccini and

Ciochon (1976, Figure 1B, p. 22), and "scap1.1lar

glenoid for:;sq_maximum lengthll by Stewart (~962) I

although disagreements as to the exact definition

of "this measurement abound in the literatur.e

(Churchill and Trinkaus, 1990, p. 149; Stewart,

1954, p. 98; Bass, 1971, 1979, 1987, p. 123).

10b~ Glenoid cavity articular length (Figure 5b)

This measurement follows the definition given in

Churchill and Tri:p.kau~ (1990, p. 149) and is

defined as the "maximumcraniocaudal distance in a

coronal plane between the out ez'moat; edges o_j:the

line of attachment of the glenoid; labrum II (GAL:

glenoid articular length) .

11. Br.eadth of the glenoid ca,v:l.ty (Figure 5b I No.

11) (!vI. 13: Martin and Saller:, 195'7, p., 530) -

This measurement is taken as the diameter at the
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point. of greatest width taken perpendicular to t.he

axis of the glen,oid l~,ngth meas uremen t , ste~1art;

(1962) refers to this measurement as th,s "scapula.r

gl~noid ~aximum breadth".

12. Sp±nogi'ern.o::td. notch depth (F.'i.gure 50 I No. 12)

(Corruccini and Ciochon, l.976, Figure lC, p. 22)

• This' mea.surement is defined as a chord taken

from the most posterolatera~. bc.~rder Of th@ glenoid
, .~.

cavity to themcst medial point in the

spinoglenoid notch , t.he chord being parallel to

the morpJ101ogical length ai:"th.e scapula.

13. Acromion. pl;'o~ection (Figure sc, No. 13) - This

measurement is taken as the projected maximum

lateral extent Of the acromion as measured from

the most medial point in the spinoglendid notch
"

parallel to trlhei morphological l,ength, to the most

lateral point on the acromion ~~rocess (Corruccini

and Ciochon, 1976, Figure l.A, p. 22).

l.4. B:ume:t'u$iIlSdiola.te:ral head diameter (.Figure 6)

(Martin, 1928; M. 12a, p. 102) M This measurement

is taken frOm the intertubercUlar SUlcus floor to
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the most medially projecting point on the humeral
head perpendicUlar to the longitudinal axLs of the
humerus.

15. Humerus anteroposte1'io:: hea.d diam.eter (FiguZ;ft'!
6) (Martin, ~928; M.10) - This measurement is
taken from the most anterior to the most posterior
point QIl the articular surface of the head of the
,b.ume;'tusadj acent to the greater and lesser

'/
'.1.. "

j

tubercles an4 perpendicular to the humerus
u

medio_Late:r:al·,-J!ieaddiameter.

16. Greater tubercle/head \?:r.'ojectionh~ight
(Figure 6) (Corruccini and Ciochon, 1976, M.~5, pp
22 M 23 ) ~ This measur~ment is the perpendicular
distance between the most stlperio:r.poin~ on the
g~eater tube~cle and the horizontal V~ -.hrough

~,:.~!:'

the most superior point on the humerfll he::adq

articular surface ..
. .

17. Intertubercular S1"'/:';":)';' width (Y?igure 6) - this
measurement is taken as the minimum.horizontal
distance between the internal crests of the
greater and lesser tubercles (Measurement 13,
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Figu~.e lE, p. 22 - 23; cbr~ucci:ni a~d ciochon,

1976) .

18. Gr~atest length of bumerus (Figure 6) (M.1,··

Martin and Saller, 1951, p. 532) ...This
"Imeasurement is taken from the most cranial point

of the humeral head to the de'epest point point Of

the trochlea. It £s measured w~th an osteometric
/1

board.

19. Humerus mid-shaft circumference (Figure 6)

(Measurement 7a: Martin. 1928, p. 1011)- This

meaBurement is taken at the mid-point of

measurement 18 with a stomdard anthropometric

tape. The measurement is usually found to lie a

few millimetres above the lower margin of the

deltoid tUberosity (Singh and Bhasin, 1968, p.

107) .

20. Greatest Length ·ofcla.vicle (Figure 7.) (M.1.:

Martin and Saller, 1957, p. 527- This measurement

is taken from the mast medial point on tha sternal

facet to the mosz lateral. point on the acromial

facet of the alavicle. In the present

81



investigation this meat-3UrE3r(Lentis tak.~n using
(-i, -.n
(..:....'

Sliding callipers. Howeve~ several authors
'!

I'

prefer to take thjs measur~lment with an
osteometric board (Montagu; 1960; Bass, 1971,

1979, 1987).

21. Olav:lcJLe sternal facet length (Figure 7) (M.2:

Mattin and Sal1er~ 1957,p. 5~7) - This
$easurement is taken from t~e most superior point
Ii
fto th~ most inferior point on the sternal facet of
the c Lav Lc Le (see also Corrucc,ini and Ciocbon,
197,6;, measureme nt; 18, Figure .'J..P, pp. 22 - 2SY.

,\ ...

22. Humeral tornion - This is taken as a direct
i;";·~ ;

mea suz-emenc of tipeangle bet.ween two imaginary
lines. One line passes through the axis of the
trochlea (Evans, 1973;Martin, 1928). The other
line is dzawn th:tough the axis of the humeral
head. ThusrI a humeral head W'ith t}:T~.ax Ls fo.rming
a right angJ.e with thE.' distal trochl,ear axis would
Show a torsion value of qo d~9rees, whilst medial
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rotation of the 'distIl joint would give torsion
values hi9rher than. 90 degrees .

.2

The Angles

The four angles measured on the ~capula are
contained by connecting the ~ollowing points
(F:i.guree,l : (A) cranial extremity of the long

i"("-':'-axis of t.he glenoid cavity; (13)intersection of
the base of spine with the glenoid cavity; (C)

aur'!'"\ e~<t:remity of the lOJ.1gaxis of the glenoid
Ca1,1...1;),,; ::0) mo st; caudal point on the inferior
angle; (B) midpoint of intersection of base of
spine with vertebral border; (F) most medial
markin,g .0£' the trapezi'\.lsmuscle; (G) lateral
extremity of insertion of the trapezius muscle on
the spine (roughly equal to the medial extremity
of the acz omd a), articular facet); (n) most c:r:anial
mark:i.ngof the serratus magnus muscle (vel
anterior) .
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3.4.2.1

Definitiolls of the Angular Measurxnents

J'.'.

"Angl~A-C-n is the angle between the glenoid

cavity and the lateral margin of the scapula, and

represents the angulation of the shoulder joint

surface. The intersection of line G-F and 8-E

approximates +-.heangulation of the crest of the

spine and re:presenl;:s th~~ a.r1gulation of the"\\

insertion of the t.r apez Lus muscle. Angle C-D- E

is the inferior ansrle of the scapula. This

measurement of the inferior angle differs from

that of Oxnard (1969) ~n that his point 4
,

(OxnardL 1969, fig. 1, ~~ 320) does not

cor.r eapond to point D in this study but represents

the most caudal marking of the ser~atus magnus

muscle (vel anterior), while point D in ·this

study is the more frequently used point (e.g .
.\

Mart~~!:'~and Sal,ler I 1957 11959; Corruccini and
)i

Ciochcin, 1976; vrba, 1979). The intersection of

the lines D-H and F....G cx'eates the angle between

the spine and long axd s of the med.ial margin of

the scapula. This angle has been used by Ashton

et: al. (1965) and Oxnard (1969) to approxim~,te the
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l?osit.icm of the" serratus magnus muscle on the

scapula.

3.4.!-a.2

l:<ie:n.tific1i':tion of the Angle Points

The points that define tte angles were

identlfied by pr9jection using a dioptrograph. The

scapulae were posj_tion~d with the ventra.l surface

facing downwards:, points C, D, arid :a: were

suppp:t:ted at an equal he'ight of 5 em by plasticine

placed on the bal~e board of the dioptrograph. The

points, once idet\t i f ied through the eyepiece r \'i'ere

transferred to a sheet of cartridge paper. Lines

were drawn through the points creating tl1..eangles

described. All angles were measured to the

nearest one-half degree using a standard

protractor. This method differs from that of

Oxnard who laid a sheet of perl3pel~ over. the

ape cLmen and redorded points or; the perspe::t for

la.ter \~l:ansfer to a separate paper sheet (Oxnard,

1969, p. 320). An earlier method of angle

m,..;lsureme:nt employed the use of an underlying

sheet o:c cartridge paper onto which points were
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projected (Ashton and Oxnard, 1963, Figure 1, p.
(I

54 ). 'l!he meth9d of proj ection of poLat s by the

d.4optro'graph appears to be at least s.s reliable

as both~f the earl~er methods due to tbe

consistent positioni.ng .of the eyepiece for

identification of points .

3.4. :3
Ci

preciSion of the osteometric Data

E:x:cept where noted, all linear measurements

were taken with a set of sliding dial callipers

excep.t:. for the measurements of total length of the

humezus (Measurement :la), which was taken with an

osteometric board, the measurement for depth of

the glenoid fossa (Measurement 8), which was taken

with co-orq,ina.te callipers, and the humeral

mid- sha.ft circumf·erence (~leasurement is} I which
t\-

was taken with a standard anthr~pometric tape.

All meaauz-ement.e taken' with dia~ cJalCli};)ers were

recorded to the nearest 0.1 mm, Measurements ta:k:e:p.

with the osteometric board were recorded to the

nearest 0.•5. Measurements taken with the

co-ordinate calliaers were taken to the nearest
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c

a .2 mm. Measurements taken with the st:andard

ant.hropom.etric tape were recorded to the nearest

1.0 mm. All measur~ments and identifications of
o

t.he bo!},X;,points for measu.x;ementhave bl" sn}~? . <./ . '. '

performed. by the author over a period of

approximately two years.

3.4.4

Reliability of the Measurements

The reliability of measurement1 was

assessed after the coinpletio.n of the linear
/(1 "" •m~asurements on the Skeletal specl.mens. From the

compJ:eted series :1.1.6 % of the total 'were selected

ran.'dolnlYfor re ...measurement, rrhe repeated

meaS1.:I.remltmts were tested against t.he original data

collected using paired t-tests. The results

obt.ained in,d::l.9ated that the va Lues for any

repeated measurement within species dicl not differ

significantl.Y 'from the original value (p < O.05) .
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3.4.5

li:rrClt' of t.he Angle Meast1:r:em.ents

\\

Angle measu.rments were repeated on 20 scapu Lae

during the course of the investigation. The
absence of sign.l.ficanterror was demonstrated "by

i \

means of a paired t-test. 'rhe results obte..:t.ned
indicated that the values for any single :repeateu
measurement did not diffe:r significantly from the
original value {p < o.ns}.

3.5

Area determination of the fossae of the
scapulae was limited to those specimens in the
University of the Witwatersrand Department of
.A....1a.tomyand Human :Biology, where image analysing
equipment was available and to those specimens at
the.Smithsoni.an Insti.tution that were photographed
by the author. Area determination was caloulated
using a Kontron~Bildanalyse Videoplan system run
on a DOS compatible computer. Video reprOduct:Lon
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for analysis wa:s accomplished using 'an :tkegami
video camera.

The area determined by this method is not that
1/of the actual bone surfa?e area but represents the

area of a plane which lies between the margins of
the lateral and, medial borders and inferior and
superior angrles (Figure 9) • The author tried,
and it'J.mos t; c ases succeeded, to include only the
rel'ative muscle attach.ment areas on the dorsal
surface contained within the sUpraspinous and
infiraspi&ou£ fossae of the scapula (FiguX'e 10) .

3.6

standardisation of the Measu.rement Techniques
<:

:tnitially 10 pairs of scapu Lae, cla'v:iculae,
and humeri weX'e ezamined and measured to
familiarise the observer with the measurement

.techniques. Measurement was continued until the
intra-observer variation in measurement was less
than 5 % for eacn'._Jf the measurements.
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3.7

Reliability 01! Al:ea Pete:r:m.ination

Because of variations ih the morpho~ogy of
the surface of tl;).e scapula, particularly in

If
regions that do\b)notpossess definitive borders
such as the area of the scapular neck, _;::::::::.-:

Lnocns ast enod e.sin area determination resul ted.
'],'0 reduce el:ror during trac~,ng of a particular

I'region for area determinat,;Lon,attempts were made
\'

to follow only lines of ~uscular attachment
visible on the surface of the bone. Howev~r, the
curvature of the fOJ3sae of the scapula presents
difficulties when area dete'~Jninationis attempted
by any method whdch converts ~he three
dimensionality of the surface into a two

iJ
(Idimensional view (Figure 10). The image analysi~>

method of area determination used in this study is
ndt an exception. Despitasattempts at insuring
that a scapUlats fossa lav in tue horizbrttal
plane, when the a~rved blade of the fossa is
eonve~ted into a two-dimen_ional surface through
image reproduction on the SCreen of the image
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analys~r, .some part o~ the absolute area con t-aLned
in the. convexity of the fossa surface is lost.

It is therefore necessary to approaqhthe
'" . .;,.

results and reliability of the image analysis
method. of area determination with a great d~al of
caut:ion.and noz con"sider it as an effective method
fb';r.' bOne suiL'ace or muscle c.:'tachmentarea" t . ,,;" ."/.' .

determination. Its effectivenes·s lies in its
ability to.act as an index of absolute size and
relative size of the Scapula when one examines
int:erspeciJ..'icand intraspecific variation.

Reliabili~y of 'the area measurements Was
asSessedbi re~eating the area determina~ion of 10
scapulae. 'l'he<aosencebf §ystematic error was
confirmed. by means of a paired t -test. The
result s obtained indicated that the valu·e for any
single :repeated measurement did not differ

.[)

signi.ficantly from the original va Lue (p .< 0.05>.,.
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3.8

MeasureMent (!:If the Fossil Hominid Matex-ial

The method of linear maaauz ement; of the fossil
~pec'imens follqws that described in this chapter

"for the measurement of modern material. However,
in numerous cu.t::eswhere the described measurement
cannot be compLe t ed becau.se of damage to the
fossil, yet the author felt that a reasonable
estimate of the original measurement could be
made, a "best guessll W!;l.S recorded. These

,)
)1"estimates';'or "best guesses It ! are ind:i.catedas

such in the description of each fos,sil along with
the actual measuremen'i::.t:;lkenof the damaged region
of the fossil specimen. The letter "e" in front,
of a nl.eaSUlrementva Lue indicates t:lat there may b~
some imprecision involved in the measurement. In
additioll, linear measurements of important
morphological features have been taken for
completeness. All measurements in the fossil
descriptions are expressed in millimetres unless
otherwise stated.
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3.9

Tb& Qualitative Data

The noti'-metrical characters comprise primarily

those for which no quantitative data are

provided or for which quantitative measurement is

beyond the scop-~ of this investigation. wherever
\'<~":;:s>,

~~possible the clear~lst and most precise comparative

mOrphological terminology is used. However, in

some cases where the ,'use of comparative

terminology is unwie!dy the author has used

commonand easily visualised analogies.

3.:1.0

'::The Dissections

The shoulder reg~ons of seven specimens

representing 2 of the taxa (humans and

chimpanzees) examined in the present st.udy \,lel..~,

dissected in the Department o,f Anatomy and

Biology, UniV'ersi ty of tb,le Witwatersrand.

Huma:tl
:(
L
\1
;;

Dissection proc~dures fol~ow those de.c~~bed for

humans in the fifth edition of MaIl'>'1"~~l1ae~;)jny

93
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primates, those illustrated and deScnibed in An

Atla;) of Primate Gross Anatomy (Swindler and
wood~'\9 "/3) and those used by Ashton and OXnard

" .... ",'."".

(1963).

3.11

Phot.ography and J:l1ustration.\' II

\\Black aIld\iwhitephotographs of selected
I')/
')\

specimens which are held in foreign museums were
taken to aSl~istwith identification of
morphological teatures characteristic of the
species that are not obtain;!ableiili~'\')uthArl.7ica.

\" 'j (( "r~_';~"

':;:.::.--

The plates of the fossil specimens were t axon ih
c:the Department of Anatdm~l and Human Biology,

univ9rsity of the Witwatersxand by Mr. P.M.
Faugust. Illustrations of the original fos.sil
specimens we.re drawn to scale by Mr. P. Quinney

Dra'lf1ingsof the casts of the fossil material
were made by the author. Additional plates of the
casts of the fossil 9pecime~s not available for

'\

original photography were.made by Mr. P. Quinney
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~1 .

or by the author.
17

All other illustr~tions,

tables I pLa t.e s etc. were made .by tJ;iE;'\author,.
\) .((..f ';\\

3.12

statistical Analysis

Stat?istic.al analysis was C&:>ndtlcteCl,on a
, I..!

u
Macintosh SE and a POS compatible PC us:L,ng

~(//
//

1990 vercsion of Abacus CO.p.cepts, staty;iew

statistical analysCts software, as wel~ as
, \'.

the
Ii

ttc

the 1992
,-,/ I)

version of CSS Statistica by StatSoft. Since t:g.e ,;

main goal o~ this stUdy is to examin~ the normal

morphology, fUl'lction, and dimensions o·f tWe

shoulder compI ex , it. was decided to restrict the

statistics used to those of a descriptive nature.
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Chapter 4

The Arthrology and Movements of Extant

~ominoid Shoulders

4.1

Introdl.'!.cH':.:Lon

Th& morphological differences observed between
the acapu.lae i clavicles and humer.i of primates are
prima:r'il:'related to variations in tEleperformance
demands plaq~d upon the upper limb by differing
locomotor behaviour (Miller, 1932; Ashto~ and
Oxnard, 1963; Roberts, 1974; oxnard at al., 1996).

It is thus to be expected that. the more similar
the requirements of the locomotor behaviour in
related groups of animais, the more similar will
be the morphology and Shape of the region.

Humans t and to a les.aer ext.ent apes I have
freed their upper limbs from the demands of
quadrupedal behaviour, H~nce, apes and humans
exhibit a far greater runge of upper limb mobility
than their truly quadrupedal cousins. The
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exceptions to this rule are those prosimian
primates (some leaping lemurs and tarsiers) that
habitually practise the form of locomotion known
as vettical clinging and~eaping. In addition,

r ,~,

\::,.. ,'-.-,\p,

'-:\.. '~"ithe shouldel::sof some of \'Itheirtoreacrobatic I
1'(

arboreal New WOt'ld monkeys exhibit a relatively
high degree of freedom of movement (Erikson,
1963) .

The g'reater mobility of the shouldler girdles
of apes and humans is largely dUe to the scapulae
of these groups being situated more on the dorsal

Ii1\
aspe.ct rather than on the sides of the rib cage
(Schultz, 1947) (Figure 11) . This positioning of
the scapulae in the homd no Lds allows near),:,the
full range of motion at the glenohumeral joint to
be achieved. In .additio'q" certain osteological
features of the scapula, such as the relatively
round, wide and flattish glenoid cavity Qf humans;\

and apes, compared to the elongated, narrow and
more deeply concave glenoid cavities of monkeys,
have been shown to give a greater range of
mobilit:r to the humeral head (see Chapter 6) .
HOWever~ th~s greater ~egree Of freedom is
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achieved at ,the cost of some structural
stability.

Th.e hominoid shoulder is a highly mobile
complex operating in practically all three
dimenSions and it has the largest degree of

mechanism in the hominOid body (!nman et: al. j

1944) • The great ':mo:Oility is due to the
presence of no fewe;r;lthan four joints, all of
w·,h.ichare involved it~the movements of the

\\

Y'.

shoulder complex. Th~se four joints are the
9:,l~~nohumeraljoint (a~rticulat.io (capitis) humeri),

the acromioclavicular joint (articulatio

acro'mioclavicUlaris), the sternoclavicular joint
(articulatio sternoclavicularis) and the
scapuJ.othorac'ic j oint or sca.pul()thoracic gliding
mechanism. These joints wo:e-k togeth 1." to provide
the brachium vlith an almost 360 degree cone of
movement (Figure 12) .

The primary functionS of the joint sYAtems
of the shoulder girdle are to fUrnish a platform,
in the form of the glenohumeral joint, from which

98



th~ j oint complex pr.ov.idesa field of motion for
c

the lever in the system'" the humerus. Most o.fthe
ana,tomical variation observed in the shoulder
girdle of mOdern primate ,groups is

//

morphological restr~cti~ns or freedoms granted to
this field of mot~on. The restrictions and
freedoms are a result of adaptations to dif(ering
forces placed on the complex in the pet'formance
of various locomotor activitie~. However, despite
this I tllev.ariati,onin the anatomical
configuration of the joints o:u-:;theshoulder girdle
betwe'en the different species of extant homf.nod.ds
is minimal. This is sUrprising gi~en the

variabil :Ltyof upper limb locomotor b~~haviour that
may be obServed in this superfamily (91\3eal.ao
Chapter 2) .

Modern hominoids pe~form a variety of
activ.iti~~ that require the upper limb to operate

, ,
(i

in three dimensions. Bominoids in particular
are dependent on the a~ility to control precis~ly
the mov.ements of the arm, forearm, hand and
fingers in the performance ~f many manipulative
activities and locomotor behaviours. To
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success'f.iiJ;:-1~yC'perform a wide range of marrd.puLat.Lve
activities, accurate positioning of the hand in
space is critical. IJogically, the accurate
positioning of the hand in space is highly
dependent on the accu:I;.'atepoSit.ioning of the
forearm and arm to which it is attached. Since
the humerus acts as the lever in the.shoulder
gomplex., the ability to positiol1 the upper limb
acourately is intimately linked to the range of
motions allowed at the shoulder joint.
Consequently, the degree to which some
manipUlative behaviours can be efficiently
performed is also link~d directly to the field of
mob I Ld ty allowed by the four primary joints o·fthe
shoulder girdle complex.

To allow this wide choice of potential
movements, the whole of the shouldet' girdle
complex Ls suspeno.eC!-primarily by soft tissues
that arise from the.head, neck and thorax. Thus,
anterosuperior support is through the highly
mobile, but strongf sternoclavicular joint (see
the discussion below). The cervical spine and
occiput assist in suSpellsi¢n of the complex by
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the ~pper ttapezius, levator gcapu1ae and
o

sternocleidomastoid muscles'.
(j

:Elle~tromyographica1 (EMG) studies Of human
shoulders indicqte that when the upper limb is in
the anatomical pOSition there is no electrical
activity in the supporting muscles mentioned
above (Searn, 1961). Support is theref;,br·e
provided by a combination of passiv~o.mlJscular
restraint and by the tension in the
sternoclavicular joint. Furthermore, the scapula
is attached to and in essence hangs from the

ii
lateral ahd of the c1avicie by the
coracoclavicular ligament and the superior part
of the capsule of the acromioclavicular joint.

Roberts (1974) has c':laimedthat most
quadrupedal animals rely f$ubstantia11y. on the
skeletal strength Of the shoulde:t:'complex to
provide stability since the humexua applies force
directly to the superiorly positioned scapula
(Figure 13) . t.Thus quadrupedS util!liseth.eir limbs

'j

prImarily in two dimensions, whereas homimoids use
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t.heir upper limbs in three dimensions. The+,e.'fore,

Fi
I J

U
to maintain the structural integx'ity of the j 6t4nt,
homdnod.d.srequire additiona,;tmu s.cuLaz' support, to
stabilise their shoulder joints (Larson and Stern,
1986).

:selow may be found a discussion Of the ~~.:c

morphology of each of the four primary joints of
the shoulder girdle of extant hominoid species.
:water in this ch.apter the described morph('.)iogyis
related to locomotor oriented functions.

4.2

Arthrology
4.2.1

General

Joi~nts aze articu.lations which are formed
when two or more bones are united by fibrous,
elastic or cart:.ilaginouc,tissue either alone or in
combination. Three primary groups of joints are
typically reeognised and are named according to
their characteristic s.tructtt:L'$.l.r:~.ai.;t.tl:es. These
joint types are'fibrous ( articulatioties
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fibrosae), cartilaginous (articulationes

cart1lagineae) and synovial joints (articulationes

Syhovd.ales). The present stuciy is primarily
coI7f~ernedwith the last group I which is the
jO~ht '~ype It!_2.sta3sociated with movamen t.

4,2.1.1

synoviSl.l Joints

synovial j oi.ncs are the commonest j cints' ot:
the e~tremities and offer the greatest degree o~
movement. synovial joints are generally
charadterised by five components: a joint cavity
(CClV'J.tas Clrtiaularis), a j oint capsule ( capsula
a'i-ticula:r:is), synovial fluid (synovia articularis)

and articular cart~lage (cartilago artia~laris)

ar~d t:hebony $Urfave~ that participate. The blood
supply of ayno, ial j oLntis is provided by an
arterial and venOus network that usually
originates from o~e or more parent trunks lying
neaz the joint.

Lymphatic vess<tls also are presen.t in synovial.
membrane and thJ.s accounts for the rapid removal
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of t5roteins and subsz.ance s invasive to the jOint

"capsule (Sauer .st al., ~940i Gardner, 19!oY.
,i

.SynQvial j oint,s are innervated by p,ripher~~ and

muscular branch~;s of nerves that cros'S or lie in
'.

the vicinity of the joint.

4.2.2

The Joints of the Hominoid Shoulder Girdle

'1'here are typically tlt;-ee or four joints in

the hominoid shoulder girdle: the glenoh~meral

joint, the acromioclavicular joint, the

j oint I and the inconstant

coracoclavicular joint. In addition, some authors

suggest that the scapulothoracic gliding mechanism

might be considered a de :facto joint. The
,

movements and morpholog±.:es of these structures
i .. I

w.ill be discussed iI? detail in the following five

sectio.ns.

104



4.2.2.1

The Glenohumeral Join~~

"The homino'id glenohumeral j oint has been:
described as a ball and socket, joint, but it is
not as,freely mobile r\as an ideal ball and socket
joint would be. Rotation of the head of:the
humerus does not occur J:3olelyas rotation around a
central axis since this would result in severe
dislocation of the axis spatia.lly. 'Rat],'ler,
rotating movement takes place within the joint
capsule, accompanied by inferior displacement (or

j .. •

gliding dq,wn) of the bead of the humez-us (the"
I '

ball) w;Lthin the glenoid cavit,y h:.hesocke.t).
Addit~onal restriotions on freedom of movement
occur as ~rJ.enoidcavity breadth is reduced in
relation to length, thus oi~ating a glenoid oavity
that is more pyriform in shape. This
morphological situation is normally observed in
the more terrestria,l, quadrupedal primates and the
reverSe is true of the more acrobatic, arboreal
forms (Inman et al" 1944). In addition, the
humeral head itself restricts freedom of movement
as it is not a complete sphe~e nor in most cases

10.5



is its contour perfectly spherical, Thus the
Rumeral head of quadrupedal hominoids and those
species that do not experience a wide range of
movement is less spherical in shape. wheteas~ ~n
apes and h:umans( groups tl1at enjoy a higher degree
of f:.:eedomof movement in the upper 1irttb!the
humeral head articular surface is more spherical.
However~ because of these morphological
adaptalpions to increased mobility, skeletally the

II
j oint is weakest in apes and humans arid these
groups must re.lyprimarily on S\lrrounding muscles
and ligaments for structural stability (RobertsJ
1974; Larson and stern, 1986). In contrast, the
more terrestrial quadrupeds depend primarily on
skeletal support in the joint ~~: structural
$ecurity w~th corresponding restraints on freedom
Of rotation in the ahoulder girdle.

There are typically three degrees of freedom
in the glenohumeral joint o~,the hominoids (Figure
14), but as has already been mentioned, they do
not operate to the same degree as in a cLa aad.c
ball and socket joint (Fahlstr('~in,19~(1). S"ilteletal
restrictions in degrees of freedom in.the.
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glenohuI'(l.~~raljoint are only partially due to the
.'i -~~
~1shape o.fthe glenoia cavity. The 1>10tential degre.e

of freedom of this j.oi:r;:tis also affected by

other skeletal structures such as the protuberance
of the lesser and greater tubercles at the head of
tl:lehumerus, and the bOdy and thora::\:,whi'ch
prevent complete spherical adduction. The'degree
of freedom exhi})ited by the glenohttmeral joint
aLso depends on the morphology aud shape of the
proximal humexUs and the shape of the glenoid
fossa. The glenoid shape creates "end" or
1I1ocking" pOSitions for the humeral tubercles.
rn addition, the length of the humerus and the
s'P-~peof the thorax may affect freedom of
movement. Thus a two-dimensional image of the
range of motion of the glenohumeral joInti, at
least in humans, is more like one-half of a large
nircle with a distinct ovoid shape (Figure 12) .
In other non- human hominoids, and in any animal
that pOSSesses a glenohumeral joint{ the degree
of freedom of movement of the joint will also
vary with several muscular and skeletal factors.
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K:i.nematic studies on humans have shown that

the l1umeral head is held precisely in the centre

of the g,leqoid fossa except at extretnes of

movement (.R.owell et: a.z. f 198a) . Even at the

most ext...:.eme ranges of movement, the humeral

head remains 'tl1'ithin ;1.. mmof the centre of the

glenoid ca"l{,d.t;y(Poppen \et: et , r 19'76; Howell et:
,," . '_/: .. ~. . . . :: \ .' i

al., 198a). Thus" al thd\p.gh the form .of the

glenohUmeral ..! ?int dces ript match that ot:· t~he
,'" '\';·~1' \'

\\
traditional ball and SOCKet joint, the mechanics

of the joint are nearly identical ~rt those. of the

more constrained, ball and socket jOint (Fl;l·hltf+',t,.·cl\t.
\;

1981) . More recent studies indicate that:. these Iir.:

precise ball and socket kinematics are provided by

the constraining effect of tne glenoid labrum

which signif'lcantly despens the socket Of the

glenoid cavity fossa (Howell and Galinet,1989a,b).

The glenoh111meral joint, it.self is surrounded by

a fibrous capsule Which attach~,s medially to tre

head of the scapula outsidee the glenoid :;:;'trrum

(labrum gleI1o.ida.le). The glenoid labrum attaches

on the actual articular i!urface of the glef.lOid

cavity. While there is sonte debate od the rol~ of
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the glerlOi.d.labrum, it is generally agreed that
the labrum is a fibrocartilaginous structure that

/:/~
,/;::;

provides additional depth to the/glenoid cavity
and thus increases the socket ...like effect of the
j oint (Howell and Galinet, 19~,89a,b; ChadwiCk at

.."\'

al" 199n). The glenoid labrum also encroaches
onto the root of the coracoid process and it
includes within ,;Ltsmargins the superior
attachtl'li;mtof the long head of the biceps muscle.
Laterally it has strong attachments to the
anatomical neck of the humerus except iniero~
mediallY where it descends onto the humeral shaft.

\

In gene:t;~l,the labrum is structurally weak, but
its architecture allows for an extremely wide
ral1ge of movement and considerable distraction of
the bones. Amongst modern hominoids the
attachment area of the glenoid la.brum forms a
raised bony rim typically visible just inside the
glenoid cavity margin (rigure 15). While the
morph'~)logyof this attachment area varies to a
considerable deg;t'eeamongst hominoids, it Can be
generalised that: larger, more heavily muscled
animals possess a more pf!onounced attachment area.
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The capsule Of the glenohumeral joint is
suppoz t ed by the tendons of in"fraspina.;tu$mus eLe
and. the teres minor muscle por:;.teriorly,
supraspin$.tus muscle anteriorlY, and the long head
",oftriceps i:L1.f'eri0~JY.These tendons I exclud;i,ng

)1
,if

~he long head of tr1cepsj blend with the fibrous
"\

capsule t',,~add additional active support and
Create wh.at is known as the rotator cUff. The

"long bicipital tendon traverses the toint capsule
in a synovial sheath and corrt.Lriue s laterally into
the intertubercular stilcps, attaching at the
anatomical neck of the humerus. The entire
mechanism acts as a barrier to guard against
displacement of.the humeral head during external
rotation.

There are three glenohumeral ligaments
(liganlenta gl'dnoht1meralia) which offer acldit~onal
support and security to the fibrous capsule of the
shou l.der j oLnt; and t;.heseattach te the
super(~edial edge of the glenoid margin. The
superior glenohumeral ligament travels along the
medial edge of the bicipital tendon and attaches
laterally above the lesser tubercle of the
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humerus. The middle glenohumeral ligQ/fttent
attaches to the 'inferior pb:r:tionof the lesser,~.,

tubercle, and the infe]::,iorextends to the lowest
part of the anatomical neqk of the humerus. The
inferior glenohumeral ligament arises from the
area Of the infraglenoid tubercle, reinforcing the
area between the origin of the long head of the
tr.iceps muscle and the subscapularis muscle, and
attaches to the surgical neCk. of the humerus.

The coz auohumeze.L ligament (1 igamentw:n

,iiicora.cobumerale) arises medially from the lateral
'Ii
\]part of the base of the coracoid and passes

laterally to insert into the greater tubercle of
the humerus "-,,It blends on its deep surface and
posterior edge with the capsule of the joint and
the tendon of the supraspinatus muscle. It is
impottant in Checking rotation of the bumeral head
and preventing downward subluxation. of the head of
the humerus (Steindler, 1955; Basmaj ian and
Bazant I 19,59).

A synovial membrane lines the capsule o,fthe
joint and coverS most of the anatomical neck of



the humerus. Between the superior and middle
ligaments is the opening for the superior

\'

subscapular bursa.. Innervation of the joint is by
)f)1
i) '. .\branches of the circumf~ex, aup~a.capUlar ah~

lateral thoracic nerves and occasionally from the
stellate or other sympathetic ganglia (Gardner,
1950) •

The Acromioclavicular Joint

The acromioclaviculdr joint is a '~ynovial
planar joirit and is tha articulation between the
convex, oval facet on the acromial end of the
clavicle and a concave area on the medial margin
of the acromion process. These two articular
surfa~es cr~ate a joint line that is Oblique and
slightly curved, This curvature permits the
acromion, and thus the scapula, to glide forward
or b&CkWCq:d ovet the lat.eral end of the cla.vicle,
th\lSprotecting against d;l,s).ocationat the.
glenohumeral joint bYX~eping the~glenoid fossa
continually facing the hunt..ralhead. Forces
transro,ittedtp.rough the forelinlb ,,,,fI1 tend to
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drive the aC1;'OmiOl,lpr-oeess under the lateral end

of the claviere. Stability in the region is not

in t,he ,joint its.elf but in accessory soft tissues

and ligaments t.ha t, surround the j Qitlt (Hall. r

T}"1~joint is surrounded by a fibrous qapsule

that contpletely encases the articular margins.

Above ll\ha joint, intertwined w:tth the trapezia~
" .

and del toid aponeuxos es and extending between' the

acromi.on and lateral end of the Clavicle, is the

ac:rq.mioclavicular ligament (ligamentum

acrom.ioolavJculare) I which offers suppor~ to, and
,{

strengthe.ns, the upper aape ct.s of the fibrous

cap su Le., The major ligamentous support Btruqture

of the jOint is the coracoclavicular ligament

(ligamentum ooraooclav;d.aulare) which binds the

clavicle to the scapula. The coracoclavicular

lig/ament can be divided into two comporient s , the

trapezoid (l:tgamen'tum trapezoideum) and {,,conoid

(ligamentum aOIlo.ideum) ligaments. The

coracoclavicular ligament is situated medial to,

but separate from the acromioclavicular j od.nt , It

offers the most eff:Lcient means of soft tissue
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suppor't by preventing dislocation of.the joint at
"

i

the corrtact;point of'the clavicle and acromion
(salter et: al. I 1990), The two roajor parts. of
the coracdclavicular ligament are functionally and
anatomically distinct but they share a border.
Anteriorly there is a space bet\lleenthe ligaments
that is filled with fat and often, in man and the
great apes, lodges a bursa. A second ligament,

<;~__;;.";::;_--::::

the c.ozeco-acromi&!l Iigament I at taches to thEr.
anterior; and inferior undersurfaces and near the
articular f'acet of the acromion process. It forms
a hood over the head of the humerus that may help
prevent upwa:cd sublu:x:ationof the head of the
humerus and it .aLso appears to be a significant'
stabiliser of the Joint (Itall,~965).

The potentiai movemepts o~ the
acromioclavicular j oLnt;are described .telative to
the position of the s<:apula or I in the case,of
movements of the acapula, to the dorsal thorax.
In humans the freedom of movement is about 30
degrees (Kapandji, ~J~2), but any movement at the
joint is combined with axial rotation of the
clavicle (Inman et a1. t 1944) (Figure 16) . By
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sim~ltane01iS rotation at the sternoclavicular
C',)

joint, about 60 - 70 degreef>of scapular rota~ion
is allowed (Hall, 1965; ICapandji, 1982). The
natu:r;eof tfnis jQint allows angulation of the (}

sc~pula in almost any dlrectfon.
II

Spin, rotation and angulation all occur at the
aC'?:omioclavicular joint. Extt'eme spin and

r/

angulati6'n tense the co.racoclavicular ligament
while spil.~alone tighten.s }Theentire qapsuLe
through spiralization~ Additional rotation at
the acromioclavicular joint is allowed by rotation
at the sternoclavicular joint (Steindler, 1955;
also see below). The middle and pl.'oximalcapsular
s.tru(~turesthat surround the acz-omd oc'La'vd cuLaz'
joint ap?ear tOI restrain external rotation of the
upper l,imb, the middle glenohumeral ligament
acting as the main check of exte..rnal rotation from
0° to 600 of abduction ('erra~i, 199b).

The acz omdooj.avrcuLa'r j oint. is extremely
i'important.in all movements of the shoulder girdle,
not only becauBe it transmits force between the

"Clavicle and acromion process I but also b.r.::causei.t
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cont~ibutes to total arm r:l.Ovement(steindler,
1955; Hall, 1965) •. The principal role of the

\\

/'JL ,',moryi'_}~J~oreal
If -,_- (~

primates is to p~!rmit continued latera10rotation
acromioclavicular joint in

"of the scapula after 100 degrees of abduction, at
which'point further acromiocj~v~cular movement

:1

is restrained by the sternoclavi.cula.rligamen'ts
(Kapandji, 1982; peat, 1996) ~ The two major
movements Of the acromioclavicular joint arf';a
gliding movement as the shoulder joint flexes and
extends, as well as an elevation and depression
movement that conforms to changes in the
positional relationship between the scapula and
humexu s during abduction (Frankel and Nordin,
1990, Peat, 1986). The joint is innervated by
the suprascapular nerve.

4.2 2.3

The Sternoclavicular Joint

The sternoclavicular jo±'nt is a planar
synovial articulation but its ~undtion most
closely resembles that of a restricted ball and
socket articulation. T,hearticular su;rfa,oeslack:
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congruity and abOl,lthalf of the medial end .of the
clavic~e ttpical~y protrtides above the shallow

r/

ste;r;'nalsocKet. 'rhe st~rnal surfaCe of the
medial end of the glavic.le ha.s a small, superior
d6n-atticUlar regiottwhere an intra-articular disc
attaches.

The sternal end of the clavi'cle is surrounded
('

by a fibrous capsule with ligaments encasin!~ the
whbi~e·area).

'Ii
:'

This capsular and ligamentous
stfuo,ture ao t.s

J
to strengthen the joint and bind

the clavicle to the sternum, first rib and its
costal ca~til~ge. The articular disc ( discus

art.icularis) I along with the cQstoclavicttlar/
liganten.t(ligamentun1 cos zoos ev t aus erev , are the
principal structures that stabilise the jOint and
ret::dstmedial displacement of the d.l~vicle,
yhereby limiting the clavicular comt)onent of arm
movement (Hall, 1965; Williams at a1., 1999).

The fibrocartilaginous articular disc is
nearly cirCUlar and completely divides the joint
space into two separate cavities. It atrt ache s

superiorly to the upper part of the stel.'nali~ndof
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the clavicle and passes inferiorly between the

ar~icular surfaces to attach at the first cOBtal
, ~

iI .,,,"
cartilage, being :p;eriphera.lly wove1?,_'intcthe joint.

;~~> 1 i\. .' ',' " " , '-,i

capsule. This me~flanism ,.allows 1;:.he";disc to act
// \~

~~:\\

like a hi:q.ge,' \contributin~f-to the total rangE! of

the joint's movement.

stabilise the j oint ~Jhen forces pass medially
\~

through the clavicle to the axial skeleton during""

upper 1,~mbmovement.

The j oint capsule .which surroundS the. sternal

end of the qlavicle is supported by the anterior

and posterior s tier nocLavLcuLa'r ligaments

(lig~mentum sternoclavicula.re anterius and

,ligamentum s tz ernoc lev i culsre posterius

respectively) and two accessory ligaments: the

interclavicular (l.igamentum interclavicular$.) and

costoclavicular ligaments (ligamentum

costoclavicuJ.are). The sternoclavicular

ligaments pass inferiorly and medially f:t'omthe

sternal ,end of the clavicle to the anterior and

posterior aspects of the manubriumUsterni.,. . -. .. . . _'",
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The inberclavicular ligament\ passes over' the

superior aspect o.f the sternoclav~bular joint t

joining the sternal ends of the two clavicles. It

proy-ides stabd"J:ity to the superior aspect of the
-, ..c,_'

!(;'j\

j oi~t ~,.~.{~e~ndlerI 1.955). The cos t.ocl'vicular

li~ament is adjacent to and probably forms part of

the sternoclaviculict j oint capsule (Cave, 1961.).

It is formed in two layers, anterior and

posterior I whicl: are f;.i1eparatedby a buz s'a,

Fibres from the antertLor layer pasrs inferiorly and

medially to the sternum. Fibres from the

posterior layer pass inferiorly and Laterally to

the sternum.

Movement at the sternoClavicular joint allows

for elevation and depression of the clavicle, as

well as protraction and retractio:J. of the clavicle

(Peat, 1996). In addition, the joint allows for

rotation of the clavicle around the axis of the

shaft of the bone (Figure :1,6),as well as rotation

about the fulcrum of the costoclavicuJ.ar ligament

in horizontal and vertical planes (Hall, 1965).

The· sternoclavicular joint is innervated by the
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medial suprascapular nerve and the n$:rve to

subclavius.

r,4.2.2.4

'the Coracoclavic1l.,lar Joint

Whenprese:nt a~ a rare anatomic va.riant, the

coracoclavicular j oitf~..is a true syno"'.riaJ.. joint

"possessing a capsule, synovial-lined space and

hyaline .articular cartilage. Ii Whenpresent., the

joint lies between facets of the superior surface

of the coracoid and the inferior sUrface of the

Clavicle close to the lateral end of the groove

for subclavius (Figtl:re 16) • If present .. the

joint fCl.cets may be difficul t to identi.fy in

skeletal material, but there is often a bony

protuberance (conoid tubercle} whicn extendS from

the claviole towards the coracoid. However,

absence of this conoid tubercle. does not preclude

the existenoe of a trut\ joint, nor is it known
,

wh~ther the presence of a rudiment\ary' conoid

tubercle indicates the presence of a true joint

(CoCkshot, 1979).
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r,

The coracoclavicular joint has been often

overlooked in both standard anatomical texts as

wetl as more specialised scienti:fic ~Literature.. '

AS not ad by Gruber as e,~rly as 186J.t this neglect

is due. to tne "difficulty in assessing the joint

area on tiry,bone and also to the rarity of the

jOint. In addi·tion, th~ ar ea where the }oint
f

typically occurs is often/divided by a bursa
/:

that I when accompanied by 'lmetaplae.d.:t of the

t.j;apezoi~ ligam!~ht to f~i..br(~cartilage, may

sim\llate a true joint '(~:;::1it';vka,1957; LetlTis, 1959;
,-.\

Co¢kshot, 1958, 1979).

f ':.._

~/ ,
/ !

The rep\.".._ced occurrence of the

coracoclavic\.!.lar j oint in human subj ect s depends

great"ly on whether the study was conduc ted by

disseQt:ion, radiological ·methods, or Qsteological

studies. dissectton being the pnly certain way to

identify the presence of a true joint (Table 3) .

BOt.h t.he radiolo~~icp.l studies and the osteological

studies mep.tioned belOWgenerally record the

presende of a coradodiavicular joint when a

"pronounced" conoid tubercle ,(pronounced = roughly

+ ;a. 0 mm) is observed. In si~ studies utilising

121



bilateral disse¢tions pi shoulders in a variety of
human populations t presence of the j 9\int was
rec.orded in at.-proximately 13.0 % of all shoulders r

with a recorded range of observed occurrence
amongst all human populations of 2.6 - 33.0 %', (n
= 6~0) (Gruber, 1851; poirier, 1890; SchlyvitCh,
1937; Abe, 1964;#pillay, 1967; Fischer et ai. I

r
\1971) . In radiological studies of t.Jlehuman

\\

shoulder conducted from chest films r the recarded
j)
ijoccurrence ftequency of the joint based on twelve

studies of'.various populations world-wide was
approximately 3. 0 %' of a1, 1 shoulders wi t.ha

,
\(,

r.ecorded range of 0.04 - 21.0 %'; (n = 26,161)
(Ponde and Silveira, 1939; Nutter, 1941;
Wertheimer, 1948; Moore and Renner, 1957;
CoCkshot, 1958, 1979; Jaluvka, 1959; Pi.llay, 1967;
oikawa and Hatafuku, 1970; Fischer, 1971). In

sevan osteological studies Of the human clavicle
a pronounced coracoid process, pOSSibly indicating
the presence of a t~ue joint, was noted in
approximately 4.0 %- of the human population with a

recorded r~nge of 0.3 - 9.9 %' • In the present
study the.presence of a pronounced coracoid
process was reco~ded in approximately 12.0 %' of
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all chimpanzee and gorilla
'\e

clavi'\blf=Sand 16.0 %
(f

of all ora~g-utan clavicles.

Most authors feel that the presence of this
joint offers no eitra stability to the shoulder,
nor does it appe;ar to create any restriction of
movement in the shoulder (Cockshot, a979)~

How~ver, Sarrafian (1983) has linked the presence
of the joipt to the lateral stability of the
cLavd oLe, since he assumes that the j,qiLntmust in
part i.'!.o.d ae component of dislocation resistance.

4.2.2.5

The Scapulothoraci~',! ilJoint" or Scapular Gliding

Mechanism

There is some debate whether tllescapular
'\

gliding mechanism sbould be regarded as a joint
or whether it should simply be seen as the riding
of the anterior surfa~e of the scapula on the
posterolateral surf~ce of the thoracic cage {Peat,
19861; Williams at al., 19~,SiJ. It certainly does
not meet the d~finition of a classic joint.

(:
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The scapula is without any ligamentous
a't.t achmenc s to the thorax. The thorax is $eparated,
from the scapula by the sUbscapularis and serratus

(\

<~'.-,alltericr muscles, which contact and glide over
l.~'

eacn other'Quring movement of the scapula. The
scapula is thus permitted a wide rans>:::of
movement during movements of t.heshoulder. 'thesE:!
movemantf3 include protraction, retraction,
elevation, depression, and rot~),t~on,all around a
variable axis, perpendicular to its flat surface
(:Frankeland Nordin, 1980; Willi,ams et al., 1989).

4.3

Summa.ry

The modern homino~d shoulder girdle is
characterised by the presence Of three or four
synovial joints and the scapulothoracic gliding
mechanism. These structures allow the three
bones of the girdle an extremely wide range of
movement.

The morphological variation of the joint
~tructures and va~iation in th~ potential range of
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CJ movement of the Shoulder girdle among modern?
$peCies of hominoio.s is surprisingly limited.
Howevex:" in genta.ralthe more ar:qoreal hominoids
pOE&eSS rela~ively mora gracile joint
structures tha.ttrade some strength({fox:added
flexibility. The more terrestrial hominoida
exhibit more robust joipt structures that redt!,ce
overall flexib.ility but provide considerably
greater strength.
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Chapter 5

:/
c:::.~-':"'__~L..";:;

The MyolQgy of the Extant Homiiroid Shoulder

5.~

MU3cles a.nd Muscular Forces

In troduc t:.iol'.1.

The mus.cular sys t em is composed of contrq_ctile

un~t.s of varied. morphology that are energised. by

vOlu.Il,tClryan~\ in':joluntary electrical Lmpu l.s e.s from
\

the nerves. The smallest functiqnal cell unit of

tha mus.cu Laz system is the muscle\ fibre. These

muscle fibres .q_re typically classified into three

types: smooth, cardiac and striated and the

present study i.~~concerned only with the .last.

The actions of many shoulder girdle muscles in

non-human hominoids have not been Bufficiently

studied. The present investigation relies

mainly on the reported actions of muscles based

on e'lectromyographical (E~G) studies conduc t.ed on
\.J1

human and ape subjects as well aSI 011 kjinematic
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studies ef muscular actions where t!:;l.ese~re
I':

ava.ilable.

This ..chapter is a compendd.um Of the results 0.&

EM:Gand ..kinematic scud i es that have been
'"

ccnduc t.eden the acc'iqns of the mu sc't.es ef the
shoulder girdle in hominoids. It also includes a
brief descriptien ef the anat omy of I and

.r-

variation ebserved in, t~' ,~~usculatureef the
extant hOIP.ineidahou.Lder girdle region. The
results of this study previde a framework frem
which to.build a medel of the seft tissues e~the
fossil hominid shoulder girdle.

Twenty-ene skeletal muscles that are primarily
responsible for the movements of the hominoid
shoulder girdle exhibit muscle markings en the
benes of the sheulder girdle at their areas of
origin and insertioh, since only these muscles
that leave discernible muscular to.arkingson bones
may be studied in fossil specimens. To simplify
reading I a description e.feach muscle is given
and variatio~s among the hominoid species are
discussed. Finally, the muscle'S actions,
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incl1.l,dingva.riatiolls in act;.ionsI are described.
"It should be noted that the gene~al descriptions

are of 6jlS. human. conddt.Lon. While some of the
following inf~fi-mationwas obtained from

,I

dissections o.l~human and.ape cadav;rs conducted
during the present study, mpst of the information
~res~plhed!'~'is derived from th'e literature.
Figur.es 17 - 28" illustrat.e t.hemuscle attachments. \J

on the bones of the shoulder girdles of the extant
hominoids that are discussed in the text.

5 L\ 1.2

The d.eltc.,id muscle (H.

5.1.2 ..1

General

The deltoid muscle is a thick triangular
muscle that has its origins on the caudal aSpeGt
of the scapular spine, the most lateral aspect and
upper surface of the acromion process and the
ventrolateral. orie-third to one ~qu;:=q::,:terof the
Clavicle. Xt descends inferolateral.ly to ~ttach
along the s·haft of the humerus creating the
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p~ominent delto£d tub~rosity. it is multipenr.i:ate

and is comprised of thr$e divisions: the anterior

head (pars Clifi1.vicula:.-:-is), ,which takipa fleshy

origin ,from the'attacltment area on the clavicle;

the middle head (pars acromial is ), whLch arises

via several tendons from the lateral attichm~,;nton

the acromion process and the aponeurosis which

6verlies this region o~ the muscle, and the
/l

postE!l}iorhead (pars
:i

spinal:i.s~, which ta]tesa
, \1

fleshy Origin along the caudal edge of the

scapular spine. The middle head inserts by a

shOrt tendon into the distal part.of the deltoid

tuberosity, The anterior and posterior heads
II

converge to insert by tendinous fibres on the

ventr~l and dorsal aspects of th~ deltoid

tuberositY1 at the sides of the attaohment of pars

acromialis.

5.1.2.2

ve.riation

The deltoid muscle reaches its largest

relative size in the hylobatids (Ashton and

oxnard, 1961). The great apes have deltoid,
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muscles whi~h are almost as large as those of the
"hylobatidS, whiJ.i~tl~,ultl.ansexhibit the relatively

smallest dScltoid muscles amongst hominoids (Ashton

and Oxnard, 196~}~ Within tQ_eape group, the

insertion of thel!deltoid muscle into the humerus

1.1suallyoccurs about one third of the way down the

humeral shaft. Its insertion may be identified as

the deltoid tuberosity. In humans, insertion on

the humerus occurs as in the apes.

Ashton and Oxnard (1963) report that

separation Of the delt~id heads by fibrous .zaphe s

is consist~ntly found among all the a:p.thropoid

apes. ~aparation of the heads by fibrous raphes

was found in the two ohimpanzee specimens

dissected by the author.

Extensive variation has been obseJ:'vedamong

the hominoid species in the origin of the pars

clavicularis of the deltoid muscle. In

chimpanzees and gorillas the pazs clavicularis

consistently arises from the lateral third of the

clavicle as in humans CRaven, 1950; Ashton and

Oxnard, 1963, Swindle:randWood, 1.973}. In
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orang-utatIs the origHt tends to extend over. the

lateral half of the clavicle (Sonnta.g, l.923, 1924;
tt

Ashton and Ox.nardr 19.63). In modern humans the
()

anterior 'hea~~rise,s as in the ,A,frican apes
\1

(Will.i.ams et al. f 1989";Tobias I et al., 8) .

fi'
5•.1.2.3

~ctiona

All recent EMGsttldies of the deltoid indicate
11

that, when on'€f-examines the activity of the

muscle, 'it must be considered as three separate

parts ( Tuttle and 13asma.jian, 1975a,b; Basmajia.n

and de :Uuca, 1985; Larson and stern, 1986). EMG

studies on chLmpanaees indicate that the anterior

del toid' is most active during movements that

involve flexion of tllt:l upper limb, such as

cross -body or forward reaches(~, climbing and

arm-swinging (Larson and St.er:n, 1986, p. 177. see

also Chapter 2, this study). Activity in9reases

as the hand is supinated during these movements

(Inman et a.I., 1944; Ba.smajian and de Luca, 1985),

whereas during active pronation the anterior

deltoid is in the "nulln electrical position in
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crossMhoc1y or forward reaches (Larso:n and 9t\~rn,
.' . ';' . ... .. . ~j

1986, p , 177). However, orang-utansJ the

activity level of the anterior deltoid is low

during all reaching activities (Tuttle and

Basmaji?-n, 1978aJb). r:rheanterior deltoid in

humans and apes is reported to assist ,)inrotary

torque and:::"supp'ortof the arm (Lar~9n arid stern,

198.6). tn apes, the muscle has been shown to

assist in the downward s\>lingof the arm durin.g

pe ndu.Lar arm- sWinging (r.,arson·and Stern, 19 e 6) •

Pendular arm-swinging has been defined by LarSOn

and Stern (1986) as a rapid fOl;m of suspensory

locomotion where the body is su spend ed from a

nearly vert.ical supporting upper limb. During

locomotion, the swinging limb is swept dOWnward

and then upward in an are, and the trunk behaves

much like a pendulum hanging lJeneath the

supporting hand.

The middle del t.oid is recOgnised as a powerful

abductor. When acting alone its line of pull

abdu;-/cStihe arm in the plane of the scapula. It

is reportedly active in all voluntary reaches and

its activity has been shown to be unaffected by
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pronat.ion or supination (Larson and stern 1985;

Basmajian and De Luca, 1985). .1n,', ~ddition,

activity.is recorded in the middle deltoid during

all arm- swinging behaviour (Larson and stern,

1985, ~986). These arm-swinging behaviours

include nonpendular :r::ormsthat differ from

pendular arm- swinging in that ~:he ~od.y pivots
\
\

approxima.tely 1.800 around the axis qf a nearly
\

vertical supporting arm i{Li:q~\sonand Stern, 1985).

Amongst chimpanzees, the posterior deltoid

exhibits no activity during elevation of the

forelimb (Larson and stern, 1986, p. 177). In

contrast, during experiments conducted on

orang ..utans and humans, Tuttle and Ba,smajian

(1978) have recorded high levels of activity in

the poste~ior deltoid during elevation of the

forelimb. '1'heposterior deltoid. is also active

during the second half of the support phase of

pendular arm- sw:inging, when it adds propulsive
"power (by retraotion and adduction of the humerus)

and during the first half of the swing phase

during lowering of the forelimb (LarsoXl and(Stern,
'>I

\

1986) •
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5.1.2.4

Inner:va t;j.on

Innervation of the deltoid. muscle is by the

axillary riez-ve..

5.1.3

The Bi,eeps Muscle (M. biceps broJ.(::ll:f.,J_)

5.1 ..3.1

Gen.eral

The biceps muscle arises fro~ t~e scapula

"by long (caput longu.m) arid snoi. (caput breve)

heads. 'thelong head of biceps arises from the

supraglenoid tubercle. rts tendon runs across
Ithe superior part of the humeral head and emerges

from the shoulder joint capsule through the

:intertubercular groove wher,~ it is held in place

by the transverse humeral ligament and part of the

tendon of insertion of the pectoralis major

muscle. The short head/lofbiceps arises with

coracobrachialis from the lateral aspect pf the

coracoid process. ts fibres descend to fuse
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with the long head of.biceps in J;.hearea around
the distal one~third of the humerus. The muscle
passes deep and forms a short tendon that inserts
into the posterior part of the radial tuberosity
011 the radius. Med.ial1x the biceps tendon gives

'--'

off the bicipital aponeuro::Iis(aponeurosis
musculi bicipiti.s brachi.i) which blends with the
antebrachial deep fascia. Through a th~ckened
part of the deep fascia of the forearm, the
insertion of biceps is extended into t'be
posterior border of the ulna.

5.1.3.2

Variation ('

In approximately eighty adult human cadavers
dissected at the university at the Witwatersrand
Medical Schoo) ~n ~9~2, professor J.e, Allan
observed bilateral bicipital aponeuroses in 100%
of the specimens (Prof. J.C . .Allan, pars. comm.).
In additi'onF bilateral bicipital apone'll:r.oses

were observed in the two ch.Lmp'anzees dissected by
the author. In gibbons the short head of biceps
commcn l.y arises from the superior part of the

135



1!

humer-us and almost immediately fuses with the

·ong head (Miller, 1932}. The,re is noD:t:'epo.rted
I,: (9(:

variation in this muscle amongst other hominoids.

5.1.3.3

Actions

The biC!eps muscle is a powerful fle~o~,' and

sl..4p:'inator of the fo:r,earm ano both heads are active.. .. . ;

in flexion of the shO~lder joint (Basmaj ian and
, \ /j

Latif, 1957). 'l'he short n13ad of biceps, in
{)

combination with coracobrachialis, is a flexor of

the whole shoulder Joint. The ~ong head of

biceps assists in hOldi:ng the head of the humerus

against the glenoid cavity thereby resisting

dislocating forces.

5.1.3.4

-c,

Innervatio{l of the bic'f;ps brach:i.i musc.Le is

from the muacuLo cut ane.ous fierYe •
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5.:L. 4

The supraspinatui muscle (H. sup:r:asp:J.n.8..f::us)

5.1.-1.1

General

The supraspinatus muscle origigates from the
medial two thirds of the supra,spinou9 fossa of the
scapula. Its area of origin iltcludes the region
,:pftith.esuprascapular notch wh.ere some of its
fibres arise ;,\from the fascia covering the

subscapularis ntu.s c.le . 'rha fibres· of the
supraspinatus muscle travel laterally to converge
on a tendon adhering to the capsule of the
shoulder joint, this t~ndon inserting into the
most superior part of the greater tu~erple.

5.1.4.2

variation

There .is little reported variation in the
morphology of this muscle among the hominoid
species and no vari.ation from the above was

~I'.

observed il.1 this aU))chor'S dissectioB.s.
/'

However,
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Miller (1932) reports that orang~ut<;l.nsexhibit
relatively narrower supraspinatus muscles than in
other hominoid groups.

'::....::

-,:1

5.::1..4.3

Actions

rp.uscl€)is a powerfu,l ,z;bductorof the arm. 1t a.lSQ
ass(~sts in keeping' the head O,fthe humerus in

position, preventi~l9'it from being pulled npwa rds
against the acromion proces\:Iand del toid muscle .

.EMG studies of the supraspinatus muscle in
chimpanze.es and Qr;;u:~g~ut.:;tns(Tuttle and Basmaj ian t

lS78a; Lar~on and stern, 19B6) indicate t~at the
suprasp~natus is active at the beginning o£ almost
all reached, activity that decreases as the reach
pro~resses. This holds true for all reaches save
for posterolateral r~aches where there is no
reduction of the supraspinatus muscle'S
activity level. ce>rrespondingly, activity
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increases after completion of the reach as the

forelimb begins its .return to the "nulill
~\

electrical po sdt Lon. In addition, the

supraspinatus muscle is active during arm-swinging

and is particularly inttolved in the beginning of

brachial elevation, before the release 6f the hand

(ta.rsortand Stern, 1986, p. 182). This activity

decreases after the middle 9f the swing phase.

5.1.4.4

Innervation

Innervation of the supraspinatus muscle is by

the suprascapular nerve.

5.1.5

The infraspinatus muscle ( H. :i.nrra.sp:i.ru,J tUB)

5.1•,Ii) • 1

General

The infraspinatus muscle originates from the

medial two-thirds of th~ infraspinous fossa. It

passes superiorly and laterally to insert on
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ths>middle facet of the greater tubercle of the
humerus.

5.1.5.2

'Variation

In bumans tbis muscle reaches its greatest
width~elative to its length (Miller, 1932).
trhere is fusion of the musclets fibres with the
teres J.Tlinormuscle (Williams. et «i', I 1989). Tbis
infraspinatus/teres minor combination passes into
a tendon that inserts d~stally on th~ greater
t;uberple of the humerus. Besides this variation
ob!11\i~r'V'edin humans, thel~e is l.ittle reported

\'J/

variation in tbe anatomy of infraspinatus among
the hominoid species. No variation from tbe
hominoid pattern was noted during the
dissections conducted by the author.

5.1.5 ..3

Actions

The primary functibn of the infraspinatus
muscle is to assist the teres minor muscle in
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rotating the arm laterally. The muscle .is also

important in keeping the head of the humerus in

place during abduction.

(\

EMGstudies of" the cllimpanzee infraspinatus

ll1uscle by 4arsO,n and Stern (1986, p. 1'1'8)

establish that this muscle is active in all

re aohe.s and is also an important stabiliser of ",the
a

glenohumer~l joint. Its activity level

progressively increases through t.be middle of each

reach, while .:l.t is lowest during postE!'i\olateral

reaches .. :tn addition, infraspinatus is highly

active during arm- swinging behaviou,r as a

supporting muscle and it e~thi,bits incr$asing

activity through the middl.e of the swing (Larson

and stern, 1986, p. 182).

5.1.5.4
II
1\

Innervation of the inf:i,'aspinatus muscle is

from the suprascapular nerve.
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5.1.6

The teres major.' muscl''e (M. ceres majo,)

5.1.6.1

The teres maj or muscle has its origin\<on
the dorsal surface of the scapula, it arises as
fleshy fibr~.s from the inferiox- angle and 1:)"1'

tendinous fibres superiorly along the ,;:Latera.l
margin of the scapula. Both sets o£'~ib~esJpass

.; : '.,1

Cran1olateraJ,.;i1yin front of the humerus to insert
/:'along the entire crest of the lesser tub~rcle

/"'''-''':

(medial lip of the intertuber)~ular groove) of the
humerus. insertion begins just below the distal
limit c·fthe insertion of the>'Subsdapul~l;is
musc:Ve. The middle third of the insertion lies

\:-
<\medial to the attachme1,i.to~, the latissimus dorsi

muscle to the intertubercular groove of the
humez'ue .



5.1.6 ..2

Variation

The morphology of this muscle differs

little among the honri.noLd g·roups. HO"IfleVer,the

great apes typically possess a much reduced area

of attachment for the fleshy origin, while the

tendinous att aohment; tends to be positioned higher

on the lateral margin of the scapula than i.sseen

in humans. In humans the area of fleshy

attachment is somewhat enlarged compared to that

o.f the apes. In cOntrast, the length of the

tendihous insertion along the lateral margin of

the scapula is much reduced in humans. The muscle

mass is usually less strongly developed, in humans

compared to the condition in the apes (Miller,

1932).

Ashton and Oxnard (1963) report ~hat in

several specimens of th~ Pongidae examined in

their study, f,lesllyfibres are received from the

latissimus dorsi muscle ne.a.rthe insertion on the

humerus. No additional fIe,shyfibres were noted in

the chimpanzees dissected by the author. The
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lower edges of the tendons of the t!?resmajor and

latisSimus dorsi muscles a:recommonly fuse.din
~:'

humans (Miller, 1932; Ashton and Oxnard, 1963;

willia.ms et: ,:;1.1., 1989; pz-as.ent;investigation) .

5.1.6.3

Actions

The teres major muscle is mildly active

during almost all movements of the upper limb, but

is vigorously active only when assisting in

maintaining the static pOSition of the shoulder

under stress, or when the shoulder is in positions

of active resistance (Kamon, 1966; Basmajian and

De. Luca, 1985). Larson and Stern (1986) report

that i.nchimpanzees, the teres major muscle is

inactive during all voluntary reacheis, but it is

important in assisting the active lowering of the

forelimb during the first half of the swing phase

in pendulac arm-swinging. In both chLmpanz ees

and gibbons, the teres major muscle is involved in

providin9' propulsive power during the second half
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of the support :h)hasein pendula.r ar-m-swinging
(Jungers and st:.~rn,~983i Larson and Stern, 1986)

5.1.6.4

Innervation

Innervation of the teres major muscle is by

the lower subscapular nerve.

5.1.7

Th'e teres minor muscle (M. teres :m:i.nor )

5.1..7.1

Generai

In humans the teres minor muscle has its
»,
-,

o origin on a flat strip along
":-;,.

t~;ifdS toone -hal f 0f i.:heaxd,11 cl.:-c'y mai~:ltil~.". ~:,~i,the
\\ " \\

scapul:a,:::dorsum. It also ar-Lsee, frorrian
aponeurotic; lamina separating it from the
i.nfraspinatuS''9tudt,eres"J~9.jor muscles. At its

,-"_ . >_' H ';

-\~" f .
,\ '-- ~

origin, it is ofte~ p:Ce)_-0edby the oLr oumr Lex
• i

vessels that traverse~~be groove in the lateral
border of the scapula. I~ascends laterallY. Its
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)

'. \'adhe:r:E?nt~o the cap su l.e of the shoulder~\ j oint and
\~,

tnen inserts into the lowest facet on th~l greater
,1/ 'Ii

\'.

tubercle of the humerus. Its inferior fihtes
\\

"
inser~ into the shaft of the humerus immed;iately

distal to the greater tuberc:!;!e and lateral {~Q the

proximal end of the oX'igin of the lateral head bf

tI:iceps. !)

/]

5.1.7.2

variation

Little variation is reported in th& morphology

of t.his muscle among

hominoid groups and none was noted in the

dissections conducted during the present

investigation. However, ,in humans the teres mirtd

muscle attains its greatest extent of scapular

origin (Miller, 1932). In this species it is often

fused with I the infraspinatus muscle.

146



5.1.7.3
i ..~ (\

Aet1.0~,a

,
"The teres minor muscle acts in conj unction

with the subscapularis and infraspinatus muscles

as the inferior part of the force couple that

abducts the humerus (Inman et al. I 1944). The

EMG studies of the teres minor muscle of the

chimpanzee by Larson and Stern (1986) a)!',dof the

orang~utan by Tuttle and Basmajiarr (1978a),

indi(1ate that the teres minor muscle is inactive

during all voluntary arm raising behaviours, but

is active during rotation and adduC!\t,'.ion.Lo~'l

levels of activity in the te~es miner muscle were

....~por.ted in chimpanzees duriI'~greaches wh i ch

involve lateral r ot.atLon of t.he flexed arm.

HO\\fever,the EMG activity is nullified if there s

active pronation during this movement \Larson and

Stern, 1986, p. 178).

The observed participation of the teres minor

muscle in rotation and aaduction i •• upported by

the recording of a sha~p increase in activity

just before the chimpanzee grasps the support at
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the end Of the swing. It assists in ,adding
pz-opu.LsLve powe r to the second phase of pendular
arm"swinging in chimpanzee!? (:Garsonand Stern,
1986) .

5.1.7.4

Innervation

Innervation of the teres minor mu scle is by

the axillary nerve.

5,1.8

The smbsc::.apularis muscle (M. subscapu.la.ris)

5.1.S.1

General

The subscapularis muscle has its origin in
the subscapular fossa. its fibres travel
laterally and conve~ge into a single tendon that
adheres to the medial part of the capSule of the
glenohumeral joint and inserts into the lesser
tUbercle of the humerus and its crest.
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5.1.8.2
varia.tion

L.ittle variation has been observed in the
ana.tomy Of the subsCapu.laris muscle among the
E;ominoidea, One exception is that in humans I I:he
muscle" attains its greatest scapular attachment
(Miller, 1932).

5.1.8.3

Actions

Subscapularis assists the infraspinatus and
teres minor mu~cles to act as the inferior force
coupLe durin.g abduction of the humerus (Inman et:

al., 1944), Tuttle and Easm&jian (1978a,b) report
that in orang·utans~ the onset an.d increase of
muscle activity in subscapularis OCCUrS during
reaching activities that involve medial rotation
at the shoulder. In chimpanzees, TJarson and
Stern (1986) report that subscapularid aQts as a

powerful medial rotator of the arm dUring
climbing.
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The subscapul,tris muscle has been'id.ivided Lnc o

upper I midd.le and ,,lower portions by La.l::'Sonand

stern (1986) in their EMG studies of the

chimpanzee shoulder, The upper por t-Lon is

active in all. reaches except those wh:Lch involve

extreme lateral rotation of the. forelimb .
..

.Activity does not, beg~n until the midO.le of thE~

reach and decrea~les with active pronation or

supination durin~t the reach. The middle partial!

is only lnin.lmally· active duriI,J,g the e'nd of a

reao'hing behaviour., most likely as a resul t of

medial r()t:ation oe th~ arm that oc cuz s at the end

Of each reach. J\,Qtivi ty levels increiase if

ma.rked pronation is involved during thIS reaChing

behaviour. The lower portion of the sub s.capu.La'r ds

muscle is inactive during reaChing but .:i.sactive

during ma.rked prona~.:ion (Larson and stern, 1986).

5.1.8.4

Innel~vation of the subscapularis muscLe :t's by

the subscapular nerve.

15{)
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5.1. 9 f)

,')

~he trapezius :m.u$cle (M. tra.pes:1us)

5.1.9.1

I)

The "trapezius muscl~ is a large,
triangular mu~cle originating ftom the ligamentum
nuchae t the I3pines o.fthe seventh cervical and
all the thoracic ,~:e;tteb;r:aeand the ligamenta

{, 1:

suprapiftalia. The most cranial fibres run
caudola.terally to attach to the lateral end of the
clavicle and the s\lperolateral aspect of the
acromion. The intermediate fiores run laterally
from the vertebral column and insert into the
aqromion and along the cranial border of the
scapu.Laz spine. The most caudal fibres,run
c'ranially, becomin~g continuous \'1ith a short
aponeux'osis that :i.nsert~:Lnto a large ttii:)'ercle.
The tubercle is located neat' ~h~ medial end of the
caudal lip f::>fthe scapular spine.
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S.L9.2

Variation

Most of the: variation in morphology Of

trapezius observad between the hominoid species

occurs in,the relative thickness of the muscle as

well as in the direction of the muscle fibres. In

humans the cranial part of the muscle is no

thicker than the caudal part and some of the more

cranial fibres a'tt.ach to the lateral end of the

clavicle. In the great apes the cranial part

of t.he muscle realches its largest relative

proportions and its fibre~ pass laterally to the

intermediate and laterRl parts of the clavicle,

acromion and the lateral part of the scapular

spine, In apes the clavicular attachment i~

T~le variationsheavier and wider than in humans.

ill orientation of the muscle fibres a:r.edue to

differences in the position of the scapulae among

the various homino~d species (Miller, 1932; Ashton

and Oxnard, 1963i see also Chapter 4, this
volume~ • There is rr.trelya nuchal origin for

this muscle in Pan (swindler and Wood, 1973),

HO'lleVerr the origin of t.he muscle sheet does not
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often extend to the last
//

thoracj/b vertebra

(Miller, ~,932). In g~bhoXlS, thef mus cXe commonly

Actions

has only at slight occipital origin (Miller 19

5.1,9.3

(lj

The trapez1.us muscle is a.ctive during

elevation and retraction of the shoulder ?nd

during fle:l{ion and abduction

also assists in raising the

of the h'll1me't'us. :tt
\\ j,

arm b~) ~reventing
-;.::/

dO\'1nward dislocation of the humerus (¥amshon and,

'.)\.

B i~rman , 194 8) . The trapezius is in a null

eliectrical condition when the shoulder girdle is

in a relaxed upr:t'ght posture and thus does not
,\

actively assist in support in this position

(Fernando Bal.lest,eros et a.L, I 1964).

5.1.9,4

Inner'Vat:10:D.

:Bnnervation of the trapeZius muscle i's by the

spinal accel:lso.ry nerve. :tn humans" and mosti;>
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((

probabl~ in apes, it m~y receive additional
innervaf~ion by branches out of the cervical

\i
,1
Iiplexus (C~and C4 in humans) (Gardner at al.,
1\
Ii
\1
11

\\
'I

it:,
ikh$ sezratus anterior muscle
"il
I'

CM. seirra tUB anter:l.or 7 N .. s~rratus 1J1.l!9'DUS)
I

"h

1969) .

5.1.10

5.1.10.1

General

'l~hese.r-r-atua anterior muscle typically
originat,es from the anterolateral part: of bhe
upper eight ribS. Its fibres pass dorsally and
inferomedial1r to insert into the medial margin
of thIs, scapula.

5.1.10.2

Var:J.;ation

In non-human hominoids the serratus anterior
muscle is often found to be indistinguishabl$ from

'\When these mu'\cl.esthe levator~8capulae 4uscle.
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fused muscle is often
Ii

to as M. 1'erra.tus"magnus.
if
Ii
1/ ;0/:
if

JI
II
l1/ Actions

II
1/
/,'

!/

The serra,'Cus anterior muscle acts both to
/)
'/I',

II 0
t.'assiv,el¥ ~v6pport and to actively protract the

s.capula .;holdin.g it agg.inst the ribs. It assists in

eleva;cion of the scapula and acts as the upper

corr:iSonent of a forl"',e couple that consists of the
/.;

rhomboids and the trapeziu,s muscle. This force

couple ac t s to rotate the scapuf.a (Inman. et: a.l.,
\\

194.4) . It assists t:&~pezius "during flexion by
r • \ 0

;t;>ulling the scapula for'\'lard.

5".1.10'.4

(1

:tnnervation Of the serratus ant'eriot mUSCl(;3is

(,f:t:"oltlthe long thorac~lc nerVe.
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5.1.11

The levator scapulae II1usel·e (M. levator scapulae)

5.1.11.1

General

"'1\" levator scapUr~4e muscle orig'inates from
! /

the transverse2rocesses of the first four
cervical vertebrae. It inserts Lnt;o the scapula
between the superior angle and the root of the

5.1.11.2

Variation

'rhe extent of origin from the cervic,al
vertebrae varies oonsiderably among hominoid
species. In o~ang~utans the origin of levator
scapulae is most commonly observed on the IJ1astoid
procel3s although slips aris~, from t-he cervical
vertebrae (Ashton an4 Oxnard, 1963).



5.:1.<11.3

Actions

Levator scapulae assists in elevatl,lion and

medial rotRtion of the $capula.

5.1.11..4

Innervation

Innervation of 1,evc\tor scapulae is by the

dorsal scapul,ar and thi:r:d and fourth cervical

nerves.

5.1.12

The rhom.boid muscleS

(N. r.bombf.:l.dei )

5.1.12,.1

Genera.l

In effect. the rhomboids constitute a single

muscle which in action may be divided into majo.r

and minor parts. It exhibits considerable

inter- and intra-generic variation in morphology,
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Rhomboid minor is th&.upper slLp, The rhom:boids
uoriginate from the ligamentum nuChae, the spine

of the seventh cervical vertebra, the fil:st

thoracic spines, the third and fourth cervical
posterior ~ubercles. and the a8Sociated ligamenta
~upraspinalia. Th~~ir fibres pass caudola.terally
to insert "a).,ongthe,med LaL bor(":e~of the scapula.

",~

The insertion\lextends from the triangular smooth
surface at.the medial end of the sCl;3.pula.rspine
(rhomboid minor) to the inferior angle The

insertion lies jus;,;dorsal to the insertion of the
serratus anterior mUscle. At its insertion it

often presents a IIdouble fold" or asymmetrical
U-shaped attachment that has both dorsal and
ventral layers. Above, these layers enclose the
inferior border of the levator scapulae muscle in
humans.

5.1.12.2

V'ar:f.,ation

tn humans the rhomboideus majpta:nd
rhomboideus minor muscles arE!uSf.lal'lys~P\'trate

,Y ',I)
Ii imay overlap an., nuaybe cont~,,-~tious.

~~.\

'\

\\,
1\.~
\,

."

but
the muscles
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f"

. In humans I rhomboid .major"'\occasionally inseFts
~.

into a tendinous arch attached to th~ medial

T"~order of the scapula. It. may also inser.t into Cj

',,,, ..'

the inferior angle of the scapula (Gardner et al.~

1969 )". With the excepti.on of orang ...ut:ans,

rhomboid,c¥a"inor is found in apes' to origi.nate from
, ". !\

the middle of the ligamentum nuchae\and often

ext,ends as an uninterrupted a,heet to Dhe ~ifth or
t.

.•.. . '~)
sixth thoracic spines (Raven, 195)0; Ashton and

Oxnard, 1963; Swindler arid Wood, 1973 i present

:lnve,stigati.on). Variations observed in apes

include division of the sheet into distinct

cranial

1963) .

In oral'lg~utans the cranial origin is usually

at the ligamentum nuchae (Sarmiento, 1985}.

Numerous variations occur, including an dccipital

head taking origin from the external occipital

protuberance and occasionally fro~'ii the adj acent

part of the superi.or nuchal line CAshton and

Oxnard, 1963). In gibbons the size of the muscLe

is much reduced and its ,parallel fibres run in a
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generally i)transverse direction ;':CMiller"1932) •

The rhombo:i.ds,acting with levator scapu,lae,
:7assist in controlling the position. and movement

of the scapula. The rhomboids a);'8 0 oassi.$tin
//
// ~";recraction of the p'dapula. In cG,fttbinationwith

"H
teres minor ~~d levator scapulae, they assist in
ro~ation Of the scapula. With the trap~zius
muscle, levator scapulae assists in elevation of
the scapula and in the bearing of weight on the
shoulder (Tobias at a1., 19881 Wil~iams et a1.,

1989) •

5.:L12.4:

Innervation

The rhomboids are innervated by the dorsal
c,sc~~ular nerve ~nd in humarts by both the dorsal

scapul~\r nerve and the fifth cervical nerve.
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5.1,.13

The lat:i.Bs:LlIl'CU~d.orsi muscle (N~ l.s.'t;:J.ss:l.mus dorsi.)
E,

5.1.13.1

General

The latissimus .itiorsimuscle arises from t(r1e
((

spine~1 and the -supraspinous ligaments of the mid
()

to lower thoracic vertebrae (1'5 to '1'12),the iliac
~rest and indirectly from the upper lumbar and
sacral ve-tebrae through the fascia

!t lies superficially as it
passes cranially and laterally, spiralling around
the~lower part of the teres major muscle, to

c~nv.rge in~o a tendon that inserts into the floor
(and .edial lip) of the intertubercula~ sulcus.

5.1.13,2

:en the apes, save for t:ha gibbon, fibres ma::.i"

sepa~at. from the main mass near the tendon of

insertien to insert into the medial lip Of the
intertulerQular sulcus wit~the teres major
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I'· I)

5;1.1.3

The latiss!nl1,.'i.s dorsi muscle (N. lat:1.ss;J..1nUS, d.oJ;.s:i )

5.1.13.1

'I'helatissimus dorsi muscle arises from the
Spines ana the supraspinous ligaments of.the mid
to lower thoracic vertebrae (T5 to T12}r the il~ac

(J

crest and !(indirectlyfr,omthe upper lumbar and
'( ,

sacral vertebrae through the fascia
thoracolumbalis. It lies superficially~as it

(\
passes d~anii'lilyand laterally I spirallin\'1around

\'

the lower p,artof the teres major muscle, to
converge intloa tandon that insert~ into tf\t;.-! floor
(and medial lip) Of the intertubarOular Sulcus.

5.1..13.2

In the apes! save for the gibbon, fibres may
separate 'from the main mass near the tendon of
insertion to insert. into the medial lip of the
intertubercular sulcus with the teres majo~
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t:

muscle (Miller, 193~i Ashton and Oxn~rd, 1963
s,1'lindlerand Wood, 1973; present invest;Lgation) .
In ~umans a slip may arisef~om t~e lower three

or four ribs and a few ~ibres from the inf~~ior
apgle of the scapula (Ashton and Oxnarqt'l1963;
Ga:r:dnerat al., 1969; Williams et: ,;,.1.,1989). In
gibbons ithe muscle does not ari.se from the ilium

(I

but interdigitatel laterally with the serratus
~nterio+.'muscle (Mille:t',1932).

5.1.13.3

ActioXlS

The latissimus dorsi muscle assists pectoralis

major in humeral addUction. It is also a
powerful extensor and assists in medial
rotation of the shoulder as well as being a

powerful retracto!: of the al.'rIl(de sour" s Vitti.,

1966; Tuttle and Basmaj:Lan, 19'1'1). It is
particularly i.mportant 1..nD.ctivitif~s that require
exte~sion of the forearm such as a~e performed
during biped~l walking (Basmajian and de Luca,
1985) or swimming (Gardner et: al. i 1969). It is

~ctive in assisting to elevate the trunk in
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I)

clim'9ing and may playa role Ln deep inspiration.
co

It.sinconstant scapular relationship may assist
in stabilising ~he in~erior angle by holding it
against the chest (Gardner at;,al q 1969).

5.1.13.4

Xnllervatioll
The latissimus dorsi muscle is innervated by

the thoracodorsal nerve ..

5.1.1.4

The co.'t;'a.co:bracbialis muscle (M. co:r:a.cobJ:'C'l.c1J:lal:ls)

5.1.14.1

The coracobrachialis muscle oX'iginates as a
tendon on the apex of the coracoid process, in
common with the short head of the biceps muscle.
It passes inferiox'ly to insert into t·hemedial
border of the mid~shaft of the humerus between the

triceps and brachiaL1.s muscles. Its insertion~n
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~'/;:;:/
.. _...:...- -. - - - . - -the shaft' as app~ox:l.lnat~lyopposite the deltoid

5.1.14.2

Variation

In humans, additional slips may arise from the
(I

l~sser tubercle of the humerus. It may have
fi~p,es attached to the. medial epicondyle of the
dista.l humerus or to the intermusc.ula:r:septum of
th~ humer-us (williams et: al., 1989). In g'ibbons
the muscle inserts as only a single short, heavy
muscle into the medial crest of the
intertubercular groove (Miller. 1932). No

1:\
variation is reported for this muscle in the
other ape speoies and the two chimpanzees

.1dissected by the author sho\'ledno depal'::turefront
the pattern descri~~d above.

l(
,'I

5.1.14 ..3
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Actions

,,'I'hecOl:'acobrachialis flex:e'sthe arm at the~,.,'\ ' . c---'_

shoulder. Its anterior fibres also assist the
d,sltoid muscle d'~ring abduction by stc.tbilising the
arm.

5.1.14.4
Innervation,

'the coraCobraChia).'is musicLe is Lnnexvat.ed by

the mus.cuf'o cu t anaoua nerve (Glardner et al. I 1969).

5.1. 15

The subclavius m.uEH:le (H~: ElubclavJ.U8)

5.1.15.1

Gel1era.l

'l:'hesubclavius muscle originates as a tend.pn
attached to the cranial border Of the first rib
near its costochOndral junction. t inserts into
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th,e ;In:f\~rior surface of the clavicle near

middl.e o'f the boq,y.

5.1.1.5.2

Variation.

~uscle bn the alav~cl$is positioned more

laterall:ty than in humans I while some :fibres also

attach bo the ,;tigalltentum coaco cc r acoddeum (Ashtorl.

and Oxr.~ai':d,1963; Swindler and Wood, 1973: present

investig~tion) . In gibbons the~origi~ the
II

muscle axtends over the l~t three rib$ (Miller,

1932). :tn hurnans the muscle i.nfrequently has

:fibres th.at:. insert into tl;J.e coracoid. process.

5.1.15.3
,

Al'!tidlns

There havs' belen fe\\j\ 'strq:cessful EMGstudies on
,

the action's o.e the subcle:l.vius muscle. However,

in humans it appears that the subclavius muscle

is 'lnvolved in p'Ulli11g the clavl.cla inferiorly and

anteriorly. Durixlg movementia of the shouldel it
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acts t~) steady the c)lavicle against the

sternocla",icular (.~rticul(;l.l:·disc.

I:t1.Ilervation

':.'l'he subclavius muscle is innervated by the
\\ -

",OJ

nerve;, to subclavius.

5.1.16

Tbe atlanto-clavicular!s muscle

5.1.16.1 t\

General.

The atlahto-cl~vicularis, also called

om~:>cervical.is (Millert 1932) j muscle arises from

th& spinous process of the atlas. It travels

dist:,ally', often blel'Fiin.g with the medial part of "
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the trapezius muse Le, inserting into the lateral

end of the clavicle adjacent to trapezius.

5.1.16.2

variation

AtlaIito~ clavicularis is ab serit; in humans but

prese.nt in all ?ther homd noLds . It blends with

and is almost "indisti.nguishable from the trapezius

muscle in chimpanzees (Mi1.ler, 1932). In .apes ,

the nruscLe is u.sually positioned deep to the

trapezius muscLe , However, Ashton and Oxnard have

cit'ed the d~scription of a single chimpanzee

specimen where the muscle lay superficial to 'the

trapezius muscla. Whilst a single orang-utan

speoi!Ilen was found to exhibit cranial fibres of

the atlantoscapular.is anterior muscle attached to

the'occiput.

In humans, atlantoclavicularis is usually

absent. However, as rtoted by Ashton and O~nard

(1963) I several authors have described subjects

where the muscle was present in thif~ species.
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When observed in humans, it may not be considered

ho:mologOQ.Sto the levett,or scapulae m~scle CAshton

and Oxnard, 1963).

5.1.16.3

Actions

The atl.anto~ clavicularis muscle assists the

trapezius muscle in elevating the clavicle.

5.1.16.4,

, ,

Innervation of the atlan)tocla.vicularis

muscle is from the anterior primary rami of the

th.ird and fourt.h cervical nerves (Ashton and

oxnaxd , 1963).
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5.1.17

The omob.J(oid muscle (M. omobyoideus j

5.1.17.1

General

The omohyoid mqscle originates on the

superior border of the scapUla around the scapular

notch. ~It passes mediolaterally to insert into the
II

ventrolateral aspect of the body of the hyoid

hone. The omohyc td posseSsef'J an intermediate

tendon lying ddep to sternocleidoMastoid that

attaches to the baok of the clavicle.

5.1.17.2

variation

In the hylobatids the muscle is strap-like

(Ashton and Oxnard, 1963). III the great apes and

humans the muscle is' comprised of two bellies and

an intermediate tendon. However, an intermediate

tendon has been reported to be frequently ab~ent
"

1/ .'
i.~ ' .. ,"", ," /1in chimpanzees, orang-utans and human/a tS-~i:J.nta.g,

1923, 1924; Ashton and Oxnard, :1963;pres(:2'ht
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investigation) . Xn the hylobatids and
chimpanzees the mus¢;re inserts into the middle of
the superior border of t):lescapula (Ashton and

->

Oxnard, 1,963i Swiudler and wood, 1973; present
investigation) .. Ashtoh and.Ox'llard(1963) regard
the variations in morphology that have been:
observed to have little relation to differe:q.cec'
in the modes Of locomotion observed betwe~n the
anthrOpoid apes and humans.

5.1.17.3

Actions

pue to its position, electromyographical
studies of the omohyoid muscle ar~ difficult"
The omohyoid muscle may tense the lower deep
cervical fascia and probably assistis in gep.ression
of the chest in prolonged inspiratory efforts
(Williams at ei , I 19~9), Tobias et a.i . (1988)

suggest that the omohyoid probably assists in
relieving paress.ure on the apd ce.sof the lung in
the area of the neck.

5.1.17.4
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If If

• ..... 'j,>

The omohyoid muscle is ~nne:i:"\I'at.ed
t\
\\,

by eithe+:
,\ '

1:\ ....•the SUp$t'.::J..orramus of the ansa cerV'icalis nerve

only or the al1sa cervicalis nerve.

(I
5.1.•18.1

The pectoral ~s mirior muscle 1ies deep ..to I;
i\ ..

i~f completely obs cuz ed by, the pectoralis I1;1ajor
'~. . . '. . "

muscle. !t originates ft'o'itt the outer surf.aces of

j un c t dorts . it passes crqtniolateral1y ta 'insert.

the 1st to 5th ribs nea'r thei:r costoc:Q.on.dral

into the coracoid procesS of the scapula.

5.1.19.2

Va::r:.ia tion

Very occasionp_ll.y the origin of the p:~ctoral is

minor muscle is from the 4th and stll rib in apes

(A$ht.on and o:x;:nard, 1~63; Swindler and Wood,
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1973). In humans the muscle
I

inserts only into
~h.e coracoid procl::!ssof tJ4.escapula and not into
the. capsuLe of t.he.shoulder j oint as :i,n most of
the anthropoid apeS. However, in some human
lspecimens an infrequep.t slip from this muscle
inserts into the rim of the glenoid cavity of the
scapu~a lMaca~ister, 1867).

5.1.1.8.3

Actions

The pectoralis minor mus eLe helpS the

anterola:t;c7.'ral1yaround the thorax thus depressing
the ~up~tior pare of the shoulder. Acting
with the leva.tor scapulae and rhomboid muscles it
rotates the scapula inferolaterally. TODthis
author'S knOWledge, no .3MG stud:i.eshave been
performed on the actions of this muscle,

5.. 1.18.4

J:llnervu.tion
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The pectora.lis minor muscle is innet'vated by

the medial p~ctoral nerve and by fibres der,ived
from the lateral pectoral nerves (Gardner at al.,

1969) .

5.1.19

The pec.toraliS ~ajor m~sele (M.. pecto:r:alia
major)

5.1.19.1

Genera.l

A superficial muscle which is large,
mult.ilamirtar and triangular in shape. t

originates on the ventral aspect of th~ thoracid
cage, sp~cifically from the medial one~half of
the clavicle~ the ~ternoclavicular joint area, th~
manubrium sterni, the second to seventh costal
cartilages ~nd fr9m the aponeurosis of the
external oblique muscle of the abdomen.
pectoralis major inserts, by a bilaminar tendon,
into the lateral lip of the intertubercular
sulcus.
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5.1.19.2

Vax;.ation

With the exception of orang~utans, all of the
large bodied hominoids possess a significant
olavicular orig;i.nof pectoralis roa:ior (pars'

clav:/.cu;J.ari.s). :rnthe orang-utan, the clavicular
origin of this muscle is usually absent. In
humans the ~endon often has extension$ to the
capsule of the shoUlder joint and the fascia of
the a.:rrn (Gardner et: aJ.., 1969). :tnall the I'

(I
1\
!Ihominoid groups the direction of the fibres of

this muscle is predominantly lateral.

5.1.19.3

Actions

The pectoralis major muscle assists in humeral
adduction and medial rotation. It also assists
the latissimus dorsi, teres major and delto';.d
muscles in drawing the trunk upwards and forwards
during climbing be hav Lou'r (:rnman et: al., 1944.: de
Sousa ck Vitti, 19(6). The actions of the
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pectoralis maj or muscle have been s'tud.ied
:r
Ii

extensively in Hylobat/ps by Stern et: al. (1980).

The~te authors have demonstrated that in this,,!

liD
genus ~ uhe pectoralis maj or muscle Can be [I

"divided functionally into a cranial and a caudal

part. The caudal pare is fundamental in

assisting flex.ion, adduction and retraction! at the
'0
\';

shoulder duri.ng lod:omotion;:' It 'also acts as a
'\

propulsive muscle during the supj\ort phase (~:fthe
/(

climb and dUring the pull~up. ,;lThe cranial i!part

is al~o in~'(olved in adduction and re,tractio~~( of
Ii
(,

the :forel imb. .However I i.ts :ret.ract i ve abilfities

disappear as the forearm is raised. It mi~Yact
I

also as a "shock absorber" dt!.riD;~ touchdown 'from
«. _0

brachiatiotl (Stern and Susman, 1981).
:./

5.1.19.4

Innervat:l.on

The pectora,lis ma.jor muscLe is innervated by
'.'

the ~edial and lateral pectoralcnerves.
C..'

5.1.20

176



h
5, .2:CLl

, General
(I

T~liS is a large muscle that may be divided

Lntio t~(jlr'eeheads: the'~/long ( caput lo:tl9'um) 1 lateral

(Cctput latE. ....:Jle) and medial (caput; medi.ale).

The\ lotJ.g head originates from the inf:eaglenoid

tubte.rcle, The lateral head originat.es front the

uppe't' part 9f the posterior arrd lateral aspect.s of

the humeral shaft and the capsUle of the shoulder

jOint. Th~ medial head orig~nates from the distal

one ...thi:wd to one~half of the hu.meral shaft. A/ll

three heads pass inferiorly and converge to insert

into the upper surface of the olecranon Pfocess of

the ulna andQ by means of the tricipital

aponeurosis I into the fascia of the forea,rm.

5.:1..20.2

var:ta t.io:u.

In non-human hominoids the origin of the long

heado;f the muscle is from the superolateral,
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Ii
I',

\l\j
~~~.--~

I:
I
Ji

I' !i

01(~- half of the C),xilla.ry!irnargini:ofthe' scapula .•
)j 1

In 'humans the long head .~lriginatj:esfrom the
jl. - ; ~
11 i

infraglenoiq tubercl,e on~~y. Id all hominoids the
IIlateral head. originates from the,poster~ior and:. .

lateral sur~aces of the superio~ one-half of the
',\1'

,]I
dihumeral sha1~;t. However I Ln humans 1 the origin is

typically fd'und moz e superiorly than in apes. In
non-rhuman hdiminoids, the origin of the medial he'ad
is usually more distall] placed on the posterior

't!

surface of th..:ashaft of the humerus. 'I'hereis
little reported variation in the insertion of
thif.;muscle among t]+eJhom:i.noidspecies.

1/

5.1.20.3

Actions

The triceps muscle is the ma] or "extenso.r of
the forearm. 'I'hemedial head shows some deg~ee
of E:MG activity in all forms of extension.

/;

However, the medial and~ateral heads in
combination show only minimal activity except

Iiwhen resisting extension. This indicates that the. - ?~:)

medial head is the more C!.otiveof the two
(aasmajian and de tuca., 1985). The long head
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assists d.n a'dduction of t':hehumerus and provides,:

support to the shoulder joint frC'"';tbelow. Du:einCf..:1 Co

:forceful supination of the forearm, the't.riceps'
muscle cont:ractsUsynergistically to maintain,. <f

semiflexion.

5 ..1,.2 0 .4

Innervation

The heads of the triceps mu scLe are innervated
. i' . 1

separately by branches of t.heradial nerve.

'5.1.21

The St4S1:r:nocleidomastoid Muscle

or. s terDoc1.e:i. do,mascot deus)

5.1.21.1

General

The sternocleidomastoid muscle originates
from the supe:t:iorsurface of ,the clavicle .and as a
tendon from the front of t.hemanubrium sterni
lateral to the jugular notch. It inserts into the
lateral part of the mastoid process, and the
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l

;f • .1 •sup'er:l.o!;'nuchal •.lone.
I'
/'
/

q;ttachment area
,(/;(/ ?)

i I,\)
/ near ~.tie
I .l.;/// ('

s)l\ihtly
I

Ii
;f
,I

When t~'le clavicvllar
• ····.of

/
is visible, the superi,9r ~urfa,ce

sternal articular surface :Lf)( \l$ually only

more rtlgose than the surrounding areas.

5.1.2::1...2

Variation

In non~human hominoids the area of attachment

of this muscle is strong and localised 011 the

superior surfa.ce Of the clavicle t often

encroaching onto the sternal articul~r surface

(Ashton al1l?lOxnard, :t9 63 i Swindler and Wood, 1973;

present i!nv(~stigation). III humans, the

attach1l'.ent ar\:~a of the sternocleici'omastoid muscle

is rare!ly discernible on the surface of the

Clavicle.

5.1,21.3
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i'/'

'I'l1e

c ~,
$ternocleidQ~a$tQi'l muscle

active role (?-n ; abduction of

plays only a

o

mildly the
o

arm

(Basmaj ian and. de Luca, 1985)' and its function is

1),Otwell ungerstQod. It ha.s been suggeste~::~;chat

the fUIl¢tion of this muscle is fundamental in

level rotation of the head and in tilting .of .Ibhe

head cranially towards the ipsilateral shoulder.
\\
Tebias et: al, t (1988) have ,suggested that the two

(,

atlas

acting
I)'
'thus

together f extend the skull onheads,

producing flexion at the
)i
I,'

atiant¢~occipita1' joint. The more pronounced and

localised area of origin of this mnsble in the

clavicles ot. ape s suggests to this author greater
r .

develQpmen~; or stronger action of this muscle in
<\ '\

\\;

non ...human lUi)ttlino:ldsthan in humans.

5.1.21.4

Innervatil;)n

The sternocleidomastoid muscle is innervated

by the spinal accessory nerve and ;'fibres from the

second and third cervical nezve.s .

5.1.22
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;pecto';ralis abd~:>l'Itinis

5.1.22.1
\\

\pectoralis abdomLnd.s is not found in humans.

,~n aipes. the muscle arises from tne sheath of the

"~e\\ctl..'Ui.\abdorad n.Ls on the front of the rib cag~ and
!;, 1; .: \

\

~\nsert.iil into the qrest of the greater tubercle of
\
\

the hum~rus.

5.1.22.,2

variation

There :i.s no reported variation amongst apes in

the origin or Lns ez tLon of this muscle.

5.. 22.3

Actions

'1'l1emuscle ac t s as a flexor o·f the arm (Aiello
e

and pean , 1990).

5.3

182



'i

J
"

The major myological differences between the
_C<~ishoulders of apes ~.aii;!:i humans lie in differences

certain muscles Many of these differences may be

related to differences in locomot.or behaviour but

SUCh a relations.hip remains to be shown. In

addition, several muscles '~{rmuscle groups are

either,!absent in modern humans but present in
I~~,~

extant homino±ds, or ..are separated into individual
Ii,

components in'l1umans but are fu~ed into muscle
[? __ _ tgroups ln apes. '\.To simplify ehe recognition of

these differences amongst ape sho'tildersand

between ape and human shoulders, tables have been

constructed (~ables 4 and 5) . T~ese tables are

syntheses of morphological and functional

differences in the myology of the shOulder girdle

of the apes and humans which are seen by this

author as important in interpreting the

musculature of the shoulder girdle of fossil

h6minids. When not specifically indicated, the

atta.chments found in Homo sapiens do not
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significant.ly differ from those obseryed in
non-human hominoid species.

One may note that thel;;'eare only·tW'o
additional muscles in the shoulder gi.rdles of apes
that are not found in the shoulders of modern
humans, atlan.to....clavicularis anq"pectoralis
abdomin:i.s. The absence of atlantoclavicularis in
humans is most probably related to the latere:,J..,

rotation of the scapula on the thorax and the
.habitual carriage of the forelimbs in t,helowered
posi;tion. In contrast, in humans, the lowel: fibres
Of pectoralis major act to assist in flexlon of
the"arm and have replaced pectoralis abdominis.

SeVeral of the muscles examined in this
bhapter exhibit differences in origins and
insertions of muscles. These variations in
origins of selected muscles are contrasted in

\\
\)

Table 4. Variations in insertions of selected
muscles are contrasted in Table 5. These tables
thus allow an ea/~y assessment of the myological
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'';:.-

d±f'f~~rences among" the ape species and between
\~~~ .

<,
apes and, hnmarra •

o
.";;

o

C.,
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Girdle

'~ Chapter 6

The Skeletal Elelllentsof the Hominoid Shou.ld.er
\~J

6.1

"1'\
~~~

'the vertebrate skE:leton serves both for
ff

protection and support whilst also providing a

l.everage. platform for muscular actions. In
\\addition, t.he bQnes of t.he skeleton act a':~,:;a

)1 '1\

II, d \ "storehouse for m1nerals an' fat as well as~ S1~ep
\

for bLood Gell formation. In the living an\mal
'\

the skeleton is a dynamic structure that is \4 \. . ~,

~ constantly ohanging and abtively metabalising.\
"1,
\\

The Skeleton can be <lltex:ea. in shape, si2?e and '\

position by mechanical or biomechanical dema":ldS.\
\\
II.

Bohes respond to changes :i.n vi t amdn , ltl.inera 1 and \I
\
.~

hormone levels and inharent in these hhanges are \

c:~anges in the construction and mech,Cl,nical

function o~ the body.
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The ~ammalian~keleton is well studied
(e.g. Webster and Webster, 1974 eto.). More
specific . . (Iinformation about the primate f';keletori

1._r

andoj::.hebones which comprise it may be found in
text s such as nill (1953), Swindler and ~t9oc.t..

(1973) and Williams et: al. (1989) amongst many
others.

EoneS a;-egenerally classified by shape. The
terms long bonest short bones, flat bonesl
sasamod.d bones and irregular bones are :r:'eaq,ily
understandable. Long bones occur typi0ally only
in the extremities. Short bones are. fOUlld in the
carpa..land, tarsal regions. /;.·~~i.atbones are found

in the prnximal 1imb a\pea.'EF\~ndin the head and
sesamoid bones are •. __ - __ _ _:'lformed 1n tendons and

are usually found neai freely moving joints.
"

Irregular bones are those of the Vertebral column,
parts of the skull and the three parts of the
pelvis. The bones pi the shoulder region compriSe
two ~tegu,ries: long bones (humeri and claviculae)
and flat bones (scapulae).
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6.2

The l1o:tninoid Scapula

(Figure 29)

The sc'apuLa ..is the l~rge fl~.tbone of the
shoulder. It is the most plastic of t:hebones of
the shoulder girdle being readily altered by
muScular stresses during growth (Roberts, 1974;
Doyle et: 0.1.1 ) 1980; Kimes et: al., 19'7s}, 1980) .

.,1/

The scapula is comprised.of three main parts: the
l~odYI the spine and the head. It may also be
considered to have three angles (articular,
supe~ior and inferior) I thr~e borders (lateral,
medial and superior) and two surfaces (dorSal and.
costal) .

The body of the scapula in hominoids is a

kite or fan shaped, flat, or slightly
concavoconvex plat.e, which has dorsal and ventra;t.
surfaces (facies posterior and facies .aostalis

respectivelY). The dorsal surface is divided
into the supraspinous fossa (fossa supraspinata)

and the infraspinous fossa ( fossa infraspirlat:a)

by the spine of the scapula (spi.na scapulae).
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The spine of·the scapula is the n19st prominent
feature on the dOrsal "surface. The spine, in it:s
simplest form, is a flat plate lying
approximately perp,endiculAr to the blade., It
acts as a strut for suppo:r..tof the acromion
process on its ~ate~al end and ie a st:ructural

,._\,

support for the \\Tho'leof 'the body of the sca'pula
artdas an apophysis for muscle attachments. In
the scapu.Lae of hotninoids the sPline begins in an
area app:r:oximatkly three-guarters of.the tq,tal

l.\
length of the scapula up fxorn the inferior a.ngle}
on the medial border~ on the medial ~prder it

"begins as a smoot.h area which gradually be,comel?
wider, thinner and ~ore elevated as it courses
laterally. 'Itthus presepts superior and \~nferior
surfaces throughout most of its length. 'I'11.:

1, I

dorsal border, or":!crest of the spine, is Sl~;iSl'!tly
thick,ened and often rolled inferiorly in heavily
muscl~d individuals. The perpendicular
arrangement of the planes of the b~ade and the
spine imparts con.sLder-ab.Lemechanical advartt'age
and rigidity to the structure in resisting forces
associated with muscle contractions and in
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the stresses associated wi0h
!~ ;!

( \,transmitting Ch.e body's. weight to the upp.:~rlimbs
(ROl;)erts(19',74; Doyle et'<alq 19SQ\). Laterally on
the spine t there is a widened tl:"uncateproc,ess
known -as the acromion. 'this part of the bone 4jies

fJ.

subcutaneously and i,8~asily palpable in t).'),e
living animal. The acromion provides attachment
for several muscles and it articulates with the
clavicle.

\.the costal surface of the body oft~he scapula
is comprised of a single, continuous subscapular
fORsa. On the dorsal surface it is comprised of
the supraspinous and infraspi~ous fossae, The

supraspinous fosSa is bounded by the superior
surfa:oe of the scapular spine and the adJ'acent

I \\

dorsal surface of the scapula. The thin plate of
bone is often sinuous and Ln many cases
fenestrated. The superior or cranial margin
(margo superior) is often thickened and in
heavily muscled individuals, rolled dorsally.
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Later~l and adjacent tb the,.s.uprasp·LnousJJ' . . ..

fossa is the scapular notch ( .in.c;isura sc1:pulae)
() .("" .,\

which marks the position of the constricted part

of the bone. The supraspinous fossa and'superior
margin llndulate as they reflect the concavity of

1;<,

the subscapular fosSa.

The infraspinous fossa is roughly triangular
"in shape.

\,
,Its .ngeSI:bord,er is the axi,.J,;'lary,or

.~,- - - - I':

lateral, margin (margo late:r:a.lis) and its
acutest angle is the inferior angle. The
axillary margin and medial margin;.(ma.rgo medialis)

are thickened, while the floor of the fossa is
extremely thin and may be fenestrated. The
axillary margin is the thickest of the three
borders of the scapu La , Just inferior to the
glenoid cavity it bears the infraglenoid tUbercle
(tuberculum il).xragleno:i.dale). This tupercle is

usually located aomewha.c anteriorly on the
lateral margin and 1 in most hominoid species,
is the largest tubercle on the scapula. Its shape
and form Vary to a considerable degree both within
and between species. The lateral edge of the
axillary margin is often concave. In the inferior
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t.hird of the axillary border a flat., inferolat.eral
;:.

e:x:pansiondf the lip that is created by the
\\r~ttacb;.mentof,.the teres maj or mus cLe , usually

l/
o~curs .

I) ".

The head of the scapula is considered to
ihcludB the glenoid cavity ( aev i ties: ;gle.o.oidalis) I

neck of the sca~ula and the coracoid process
(processus coracoldeus). The head area is

referred to as the articular or lateral angle of
the scapu La, Functio.nally, th:i.sarea is the most
important part of the bone Since it includes the
glenoid cavity. The glenoid cavity is rela.tively
Shallow, roughly ovoid to pyriforU irishape and
extends cranially into the supraglenoid tubercle
(tuberou;~um supraglenoidale) and th.eroot of the

. \\coraoo1d process.

The supraglenoid tubercle usually projects
'cranially and dorsally. From this tubercle arises
the single tendon of the long head of the biceps
bra.chii muscle. The somewhat enlarged coracoid
process may be found immediately superior to the
supraglenoi4 tubercle. !t crosses medially and
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anteriorly aver the superior pa:r:t· of I:he glenoid

c~vity. 'this .pz'c ce.sa is homolog-ou's ",ith" the
<:i

.cora.poid bone (0$,. doracoide1.l ..s'') which may stil.·l.
~ 0

be found as a dis'tinct entity in some monour-eme s
,

(Webster and Webster, 1~74).

process attaches tlle conoitil and tr~,pe!toid

ligaments I the pf5ctm:alis minor musel.e f the tendbn

Of coracobraohialis and the anoz-e head ,of biceps

:brachii. I

6.4

The Clavicle

(Figure 30}

(/

In homi:noids, the clavicle (dl$1vJ..dula) is an

irregular, Sigmoid long bonM that acta as a strut

between the manubriulll and, scapula. The clavicle

articulates medially with the manubrium's

clavicular facet and the first costal cartilage.,

(£a4Jies arti6ulaz'is sternalis) and laterally

with the medial aspect of the acromion process of

the scapu l.a (:faci es artieul a:r:is acromial is') .
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(..\.. O{l

'1'he clavicle mart ;'be divided into'" a lateral
it

extreml.ty (extremi.t:ClS Clcromiali.s) 1 a body (corpus

,claviculae) and a medial ~xtremity ( ~.xt'r~m:lta.$

ste'1:'nCllis)., It may be consid.ered 1;.0 pos seas
I
I,
" I

superiDr arld interior surfaces throughout,

anterior and posterior borders laterally. Thf~

Clavicle is unique in be.ing the only" long bone 't;o

osSifX in memnrane and thiEl, o.ccur s in humans

around the fifth week of intra-uterine life
;'\

(Tol:fias .§l.t /;1.1 ~\ I lSS 6; williams et: eL:», is 69) ,

'Very little (;'I,ataare available on this bone I s time

of ,OS~iificf;llt.ion i11 non-human homdnoLda, 'l'he
(, . , ")

clavi.cle'S shape is hi,ghly dependent; on the soft

tissues w'hich surround and attach to its surface

and its morphology ca,n be. readily alter~d by the

fqrces exerted by these soft tissues (Roberts,

1974) ,

The superior surface of the clavicle

exhibits parts of .the at.tachment areas of the

trapez.ius and "leI toid muscles laterally and of

the sternocle:i.doluastoid mu.acLe medially.
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On the inferior eurtace, laterally there are
,visible the conoid tubercle ( cube.rcu lumn

aono ideum; I trapezotd l:Ln..e (li.nea t;rapezOldea) and
i)

,~ ,inferior part of the deltoid md's'cle. On the
inferior sur~~ce of tJ;1ebody, the groove for
subclavius (sulcus musculi eubc l.ev: 'i.) and area
_jf/ ~

r;i'/:. . .'. .',. .,' ',.~;;of attachment of the clavipectoral fascia are
lnferomedially I the attal:hmol1.t

area.soitthe pectoralis major muscle, sternohyoid,
muscle and the costoclavicular (rhomboid) ligament
may be seen (i.mpressio ligamenti

costoclaviaularls) .

On the antel;ior surface are the attachment
areaS for the deltoid muscle laterally and the
pectoralis major muscle medially.

The posterior surface exhibits the superio~
part of the attachment area of the tra.pez:Lus
muscle. In the middle is the attachment line for
the clavipectoral fascia. The area of attachment
for the costoclavic'ular ligament and sternohyoid
muscle may be ohservedmedially.
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6.3

The Humerus

(Figure 31)

The humerus is the mos12P170ximal long bone:of

the upp.er limb (brachiumk and is the largest bone

in the hominoid arm. Proximally it articulates

with the scapula and together with this bone forms

the glenohumeral joint. Distally it articulates

with the radius and ulna to form the elbow]' oint.
\1

AnatomicallYl it may be divided into a body, a

head and a distal extremity. In the present

study the proximal humerus is considered to be

compri.sed of the head, neck and the shaft

superior to the deltoid tuberosity.

The proximal end of the humerus includes the

.rounded head of the humerus (caput humeri). This

area usually approximates a he·Illisphere.The

centre of the articular head faces mostly

posteromedially and superiorly. De.spite being

hemispherical, the articular surface does not form

a perfect arc in anyone plane. The remainder of
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the head is comprised of the g"'=eate:cand ser
•...j- ....-v-.

bJ

tUbercles (.tubercu"l'ftm ;rnaj us and tubercul um minus

respectivelY) and the sUJ;)eriorpar}::of the
intertubercular groove (Su..lcus inte.rt71berculari.s)

C)The greater tubercle ·of the humerus is a Large
crani61aterally positioned prOjection of the
proxiriJa1extremity of the humerus.

u
It has a

smooth summit that rarely ext'ends higher tha~lYthe
head. It usua'[i,ji;'<:exhibitsthree 'facets (s'o.I:\6r:i:"!r,
posterosuperior and posterior). which serve for the
insertions of the Supraspinatus I infraspinatus ~'j.nd
teres minor muscles respectively.

The les$ez;-tubercle of the humerus. as its
name implies I is S.rnallerthan the greater tube.rcle
in humans and this is al.sotrue in the other large
bodied hominoids. It lies Q~ the anterior part
of the head of the humerus and usually exhibits
some flattening along its anteriox face. The

superior border of the lesser tubercle rarely
extends as high as the head. The two t.ubez.o.Les
are separated from the articular head by a shallow
groove called the anatomical neck collum

anatomiaum) and are united to the b9dy (Qr shaf~)
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Of the humerus by' the surgic;;ll neck ( collum

chirurgicum) .

( )

The greater and lesser tubercles aresepa~ated

by ,the intertubercular groove. 'rhe
\- . _;.:. " , '-'

Lt~te;vtubercula:t groove provides space :'for the

bicipital. tendon anq. its ajcompanying lUbricating o

sheath (Tobias et al. t 1.988). The intertubercular

grO,ove continues inferiorly on the surgical n.eok
\\

and body of the humerus but l::ypica$)ly ,endS wi;~hin
(~( \;,
1/ '~,

the superior one third of th'e shaft. In its

proximal and middle parts it is bounded by the

medial and lateral crr:!Sts of the tubercles.
\

The body or shaft is the long, s~raight to

slightly curved part n~ the numer-us that unites
i; ,j

~\ i'j

the tWb extremities. r e. s typically co.mpressed

posterolaterally and possesses anterior ( facies

anterio1;), posterior (facies posterior), and

media~ surfaces (facies medial±s). At a proximal

point, beginning near the j unc t Lon of the anterior

and posterior surfaces/ the crest of the greater

tubercle continues inferiorly in., an uneven arc to
,

,.- .-", .. \\

become C!;'H",lt~nuouswith the alllte.ribr limb of the
\\
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deltoid tuberosity (tu1>erositas de].toidea) at the
insertion of the deltoid muscl~. The deltoid

tuberosity is usually positioned apprOximately 1/3

to 1/2 of the way down t.he shaft. proxima.lly, on
the anterior surfat)e, a orest for t.he insert.ion of

~.. . . ~

the teres minor :muscle fot;'tnsan edge of the
intertuberoular grct'J'V'e.

II

Markirfg ..the sa.ightly convex, and rela.tively
smooth, dorsal surfaceOalong almost its entire
length is the usually fainJ: musculospiral groove

'-:?"

(sulcus :r:adiali$) {Hughes, 1952}. Along itS
length, the rnusculospil:~l(/,grobveexhibits a

1\

cranial convexity. Tb;~)fnusculospit1fl:~groove
marks the passage down the shaft of ~he radial
nerve.

-,\
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6.5

'l'beComparative Morphology of tas :a~nes of

the Extant HominOid Should,a:r:Girdle

6.5.1

6.5.1.1

The Articular Areas

The most p~omin~nt articular faature Of the
scapula is the s'lenoid cavity. The glenoid cavity
forms most of t'hesocket of a ball and socket

joint and its sbape in part defines the potential
range of movement, at the g:].enohumeral j oLrit;.
In addition, as the direct link between the
pectoral girdle and brachium, this contact is
associated with the strength, stability and
movement of thE)uppe r limb and it even plays an .
important role in mal1ipulative behav:i:our,in
humans (see Cha»ter 4) . One Of the most
frequently disc'll~ssedareas of scapular glenoid
morphology is the variation in scapular glenoid
cavity shape among various species <:>f extant
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Hominoidea (Valleis, 192&; Stew~rt, 1962;

Corruccini and Ciochont 1976; Vrba, 1979;

Churchill and Trink-aus, 1990).

The gl.enoid' cavi t Le.s of bOm'inoids iire not

p~rfect hemispherical concavities. Rather, in

onon-buman hominoids the glenoid~avity tends to be

mor-e ovoid to pyriform in shape , whilst in humans

the glenOid cavity is typically pyriform to

inverted-keyhole in shape (Wigure 321 .';' !\
'\\

In the

more quadrupedal Old World rno:r.tkeysI the glenoid

cavityuis narrower and more elongate. 3:1; is not

presently understood ho~ much glenoid cavity

shape ix',:fluences the degree of freedom allowed at'

the joint. Howeve1'I 'most! authors agree thab·'

differences ,·in glenoid shape may off·er advan t.aqas

anddisadvalltages :t,n sti3.bilis.ing and I in resisting
, '

external forces I whillst rest~ridt:;ing the

glenohumeral joint'S potential range Of movement

(e.g. Fahlst:rom, 1981; Chtu;chill and Trinkaus,

1990; Chapter 4, this volume). Jolly (1966) has

pointed out that the narrow glenoid cavities of

th~t m()re ter:testrial quadrupeds limit

anteroposterio:r: motion. This is in contras.t to the
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m,bre rounded glenoid cavities of hom Ln.oLds, 'which
provide a greater degree of freedom of moy-ament in
almost every direction.

In order to ...compa,t'ethe roundness of the II
:IIi

9 erio Ld cavities exhibited by tht.'diffe:r;'enri
hominoid sp!:Scies,indices which reveal

tiP be more useful than absolute metrical
r~lative proportions of bone parts have

~6ne of the most'-;commonly -,lsedindices of the

~~apular head that bas been found to be reliclble
,,~ l ';1

:\Ip the glenoid Lnd ex (glerloid cavi ty maximum
b:~eadth (x 100) I glenoid 'Oavity maximum length) .
When calculated, a high 9'lt~r..oidLndex score (one

t~at approaches 100) indicates that the glenoid
cavity b~eadth is large relative to its length and
thus this sQore indibates a more spherical (or
hemispherical) glenaid shape. Conversely, a low
gJ.e:noid index score ~usually one that approacl'les
5()) indicates a glenoid cavity that is narrower
Ln relation to its maximum le:'1.gthtas when the

1.\\

gJ.enoi,~cavity is more ovoid or pyriform in
Shape. When combined with a :rounded humeral
head, one may surmise that the more circular a

202



glenoid cavity is, the greater degree of freedom
of movement; it will have (Jolly I 1966).

'rhesmall serie:;;of hylobatids possess the
highest mean glenoid index values observed :I.nany
of the hominoid species (r.t:able6 and Figure 33).
This irtdicates a relatively dround" glenoid cavity
in these t~o species. Drawing on the eonclusions
of Jolly (19~6)r one may infer that the glenoid
cavities of bylobatids are adapted to allOW a high
degree of freedom Qf movement in almost any
di;recti.on. All the mean index values observed in

/'II
the great apes are~qloselY clustered (61.0 -

\~\

66.0) and do not diffe~ significantly. The index
I'n

values calculated for t\\lehuman series are clearly
\\
\ \

higber thap,those calculated for the great apes
but ara still appreciabli different from'those of
the hyl,obatids. It is important to empna sLse
that the pongids all exhibit a fairly restricted
sample range of observed values for this index,
with no observed values below 54~04 and no values
above 7'.41, thereby presenting a total sample
range oe'only 23.37 amongst pongids. In
contrast to the pongid series, the sampl~ range of
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the glenoid index in both gibbotlS a:dd humans is

observed to be very high. When the lieighted means

are caleulated for each taxon (Table 6) the

clustering of the ~reat ape group is f.:r'lrenmo~'e

visible and tl' gap between the me.aa for

:aylobates and this group is widene~L In both this

author I S sample and the weighted mean s t the

calculated $'lenoid index for humans clearly falls

neatly bet'W1eenthe mean va l.ues observed .for the

great ape s and that obs'etved fol." the lesser apes

with limijted overlap front either group.

Des::pite Lhe reported usefulness of the glenoid

index for the determinin~1 of glenOid cc\v:i.ty Shape

(Stewart, 1962; Jolly, 1866; vrba, 1979; Churchill
I

and Trinkaus, 1990), it ~s important to note that

the glenoid, index does. npt take into account

irregularities outside th~~ termini for the glenoid

length and breadth measure~ents~ One of the most

common irregulariti$3S obslsrved outside these

termini is an indentation of the costal margin of

the glenoid that affects the external shape

outline and may give the gleno\Ld cclvity a pyriform
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shape (see the human glenOid cavity outline in
Figure 32) .

Amongst 'hominoids I ir~dentation, qr not.ch:i.ngt

of the c,pstal margin of the 91e.no1d cavity is most
commonly observed in the scapulae of humans and
is tarely observed in the scapulae of apes.
Fah1strom (1981) has conclude.g,that this notch
acts a~ a locking position, or skeletal
end ..positio:n.,fO.~ the lesser tubercle of the
humerus during fl·exion and medial rotation of the
arm. This skeletal end -poatt.Lon, named the
"s~ord draught position" :by Fahlstr'>l11,restricts
further flexion, rotation and medial movement of
the arm unles~ there is subsequent anterior and
lateral movement of the whole shoulder girdle
complex. Thl,e glenoid cavi ties of apes generally
lack this ir:~dentation.This author,'believes that
the..lack of indentation in the glenoid cavities of
apes may ind~cate that the morphology of the ap~
glenohumeral joint allOWS greater~degrees of
freedom of movement in forward and medial
rotation of the arm. Brachiation and numerous
modes of vertical Climbing behaviour, performed
effiCiently by apes but less so by humans,

205



· •. .... . ' •. lirequire extreme flex~on and med~al rotation of
the arm (Hunt! 1990). Thereforef a strong
skeletal end~position at the point at which the
arm reaches. Fahlstrom.'s sword draught position may
be a disadvantage dUring these forms of
locomotion. However, a locking position is
inherently advantageous to a biped whose upper

<~~::=::.-;'_L

limb has been mostly freed from locomotor dut.i.esj

since the lock posi t Lon, prevents over- exten~,iol1of
the joint reducing the likelihood of dislocation.
One way of testing this hypothesis would be to
compare the frequency of glenohumeraldislocatiol1
injur.i:''''sin wild apes with that in humans.

-. . <\
such

data are at present not available.

An additional s.keletaJ.feature that is
directJ.y relatea to freedom of movement at the
gl~nohumeral joint is the lack of a strongly
projecting supraglenoid tubercle in most extant
hominoid species. This allows a g'l7eaterdegree
of freedom of movement of the humerus,
partiiicularlywhen the qrm is raised above the

level of the shoulder. ~\·n monkeys, the
supraglenoid tubercle is ext\~emely well developed

i~
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and this morphology limits the degree to which ,the
humerus can be moved upwa:rd',in relation to the
glenoid oavity, since the tubercle wedges, 'and
lpcks into the intertubercular g)7o.ove,on the
humerus (Ciochon and Corruccini, ~976). However,
the small greater tubercle of the humerus of
humans and apes. has also been shown to bzace
against the glenoid cavity, particularly around 90
degrees of abduction (Fahlstrom, 198~).

Other skeletal end-positions where the head of
the humerus and its tubercles brace against the
edge of the gleno@"d cavity have been well
documented (Henke, 186a; Ohnsorge, ~932;
MaCGregor, 1936; Martini 1932; Saha, 1953). These
locking positions may be related to glenoid. c,avity
outline Ln speoifio instances. A detailed review
of these positions is given by Fahl~trom (19'81).

Hominoid species Share very similar size
relationships between the observed values for
spinoglenoid notch depth and those for length and
breadth of the glenoid cavity. These
relationships are used by the present author to
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exp:te~s ~he relative "lertgthlfof the4Cok of"t.he
scapula. In Figures 34 and 35;

I~'it may be
observed that th~ plotted values of these
measurements in individual hominoid I?pecies

'1

indicate that all share remarkably similar
regres'sion slope values for glenoid cavity
lengt.hs/breadths against spinoglenoid, n8tch
depths. Furthermore, there is a high degree of
interspecies homogeneity in theSe data and this

x-:may be observed in the ,restricted 95% confidence
bands presented in Figura 35.

In contrast to that observed in hominoids, the
cercopithecoids exhibit a significantly shallower
regression slope and thus a different

Iimorphologi,cal trend (Figur;~36) . However, as was
found for the ape data, o·ercopithecoids do exhibit
a high degree of inter- and intraspecific

homo~reneity for these data. This indicates to
this author that the differences observed between
hominoids and cercopithecoids for these
relationships are biologically significant and may
be uE!edas a separating factor between the ape and
cercopithecid morphology. The f1..1,nctional
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implications of the~hortened scapular neck
possessed by the more pronograde, quadrupedal
monkeys is difficult to understand. However, it
may be suggested that the shortened scapular neck
observed in quadrupeds is related to the
requirements of resisting forces that pass ,~ _'\i

througb

the neck and blade of the scapu.la rather tha.:!l.
reS)isting forces that pull agai.rz$t the neck and
/i ", " " ' ,.. ,' "Iil.>lade,a condl.tion encountered by more arboreal
forms (s~e Chapter 3) . one might also consider
that the scap1l.larneck is IIlonger" in more

':"

:arboreal f~'!tmsso that the glenohumeral j oint is
./

positi.onedilmore lateralJ~,lyto incre-&<1?ethe
potential range of movement of the u:r;l"per-limb.

Although it is difficult;;to express the size
of the Coracoid process re1atbrG L..d.

,:o' ",
f the

scapula, hominoids appear to POSS.I~~S ~elatively
larger coracoid processes than monkeys. The
coracoacromial inde~ (coracoid length X 100 j

':~\':;,''''''>,',-, ".,," "\a.oxonuon length.) ~~ ..~',snused to attempt to~~ ;' "".

express the relative size of the coracoid proce,s
by relating its absolute size to that o'f"the
acromion (Ciochon and CorruCini, 1976).
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Acco:t;dingto the results of Cio~:hon and Corrucini I

humans and oran.g-utans possess the smallest

coracoid processesfof the bominoid species, whilst

hylobatic1s possess the largest coracoid processes

{Tab.1e7). Chimpanzees and gorillas possess
if

coracoid processes that are approximately equal in

size to each other. It ~s believed that these size

differences are a reSult of differential lever

advantages rel?lted to locomotion (Ciochon and

Corruccini, 1977). However, the examination of

coracoid Size th~ough the use of indices appears

unsatisfactory due t~the irregularities in shape

preSented by this process; the metrical

examination of the coracoid is an area in need of

further study.

In orientation, the ocxaco i.uprocesses of atl.es

are directed more antero-inferiorly than those of

humans ()igures 32 and 37}. The difference in

orientation of the coracoid between huma~ and ape

scapulae allows humans to maintain a high degree

of freedom of movement at the ~hou1der, even

though the Scapula is positioned more laterally on

the thorax. This is because the position of
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coraqoid in humens mq!Tedorsaly !:!<.:i'ldsuperiprly 0

;

means .that: the coracoid(lremmves itself from the

pa t.h of th\e humez a'l head. during rotational
i'\\

movements of the humez-u s .

6.5.1.2
"The Body ~f the Sc~pula

Absolute measurements of the body o.f t.l'lfa

scapula have l:.'!eenshown to be of (iitt.~;e use in
~i

(iisting.uishing betw ..een the scapulae of extant

primate groups (Hrdlipka, 194~). Rather, the

,~shape of the scapula, expressed as a series of

ang-'+E{!sand indices I exht:'i ts striking
\

modif·ications which are discernible among ex~t\ant

species of hominoids (Hrdlicka. 1942; Inman c·et

al., 1944; oxnard, 1967a,b; corr.uc,<"'!ini and
Ciqchon, ~976). These differences are ~irectly

related to differences in muscle ~'ize and shape

and dif£erences ~n performance demands placed ,on

ar.eas of the body of the scapula. ~iTher~fore, most

of the discussion that follows examines variation

in s capu Laz body shaf.,:' based primarily on the
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analysis of indice$ a~d angles and discusses
functional anatomy based on these·observations.

The scapula:r inde.x has been used to express
the shape 'Of the body of the scapu La by indicat.ing
the relationshi;p of length to blt:'eadthof the heme

(l1:t:'dlicka,1942; Inman"et al.,. 1944; oxnard,
1967a,b; Corruccini at),d CibchonJ 1976). Of all
the hq~ino.td species t.hehylobat,ids posSeSS the
highest.:individual values and the greatest mean
values for the scapular index (Table 8) . The
4'~gh scapular index values observed in the
hylobatids serve to illustrate che extremely long
arid narl~CW acapu aae possessed by this group. '1'hus
the scapUlae of the hylobatids may be described as
being as similar in shape to the scapulae of the
monkeys a s they are similar to tho ae of the other
hominoids'. The values of around 120% that have
been calculated for the mean of the scapular index
of the hylobatids compare closely with values
obtained for the most pronograde priMates examined
in the present study. The high mean index value
indicates the extremely specialised adaptations of
the scapular body in this, th~only true
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brach~ating group within t Hominoidea (oxnard,
1967a, b) •

The' acapu La.r index vaJ,ues are aub.s t.ancdaf.Ly
lower far thE~grea't apes anl~humans than ;Ear the
hylahatids. The decreasin'fL,index values arnoriq st;".
humans and pongids serve to.hi9'c.'hlightthe
extrsv\eJ,yltbroad" scapulae ..of
haminaids, passibly reflecting differences in the
size and shape of the muscles .ofthe scapula
(Inman et: $.1.I 1944). Inman et: eI , (1944) have
further surmised that the relative increase in
breadth .ofthe scapula in the great apes and
humans is due to the increased freedam .ofmovement
which is present in the upper limbs .ofthese
forms. Thearetically the £~oader scapula of apes
allows for a greater deg~ee .offreedam o~ mevement
at the scapular gliding mechanism. The true
brachiatian practised by the hylobatids restricts
the petential freedom .ofmavement in the
glenohumeral jOint by requiring adaptatians te
significant uni-directional stresses.
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Among' the large bodied hominoid spec.ies I
, "

gorillas and chimpanzees. have the higher mean

values f<:)r the Scqpu,l:.ar index (respectively 77.4%

and 7/? Slid and thu."s.·thE; more restrictive mechanism
,_./ .

amongst" the hoxninoids. 'these restrictions are

",most probably a resuLt of the more quadrupedal

locomotor habits of these two spec.ies, a

proP9~.iti'on also set forward by Inman et: al.

(1944). Orang-::u.tans have m.eal1scapular index
,

valu.es (~9.5%)between thQ~o;of the two African
,i. '

iJ

apes and those of human.s (6~. 7%), probably

.indj.cative of the high degree of mobility present

in the shoulder girdle of the orang-utan.

Humans, being bipeds but aLso the mo.st;

orthograde Qf the extant homin.oid. species, have

upper li.roJ:.,sthat are freed fronl the requirements
/I

of 10~\motion. These behaviour~l have influenced
,~

\>
>:;:::~~~\

adaptatioIlC.?'.:tl scapulClr bOdy morphology for an

almost three dimensionaL field of movement at the

shoulder. In addi t.Lon , human sd~pulae have few" . '" .... '. ','.' ,,''''_'

requirements fot extreme resistance 0;,(:,external

stresses.
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Among the large bod;led hominoid spe&Les I

gorill.as and chimpan~ees have the higher mean

values
o n

{I.,.

for the scapular index: (respect'l:vely 77.4%

and 15. at) and thus the moze restrictive 'mechanism

amongst t.he homirl,qids. These restrd.ctions are

most probably a result of the more quadru:gedal

locomotor habits of these twa species, a

proposition also set forward by Inman et sl.

(1944). orang ~u.tan s have';me;;:tn scapular d.ndex

apes and thos'e of humans (63.1%), probably

'indicati\re of the high degree of mobili,ty present ..

in the shoulder girdle of the orang-utan.

being b~peds but also the most

olithograde of the extant hom;lnoid species, have
\ .

upper li.mbs that are freed from the requ.irements

ofliflocomot;lon. These behaviours have influenced
•i;

ad~~ptation in scapular body morphology for an
n . \,'..,'/

alntost three dimension-in. fi.eJ,d .0;1; movement at the;' . ',:-' -. -.' '_(". c;

shoulder.' In addit~on, h:'i.lmanscapUlae have few

requirements for extreme reSistance of ext:;.ernal

stresses.
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While the a.bove-mentioned scapular index
expresses both shape ahd the trital length to
breadth telationShip of the body of the scapula,
it does not rev.ea:e the region\;) of the scapular
body that most affect shape. Inman at al.

(1944) indicate that most of the shape
differen·ces that may be observed in the ScapU:lae
Of higher primates are in the infraspinous fossa.
Traditionally two indices have been used to
reflect the differences in the relative sizes of
each of the foSsae of the scapula. namely the
infraspinous and supraspinous indices (Hrdlicka,
1942; Inman et: ei , ,1944; Oxnard, 1967; R.ob~rts"
1~74; Larson and stern, 1986).

:By the use of linear measurements of the
scapUlar fOssae, many 'stUdies have it.::rlioatedthat:
the,ItlUItlanseapu.La po ssesses a small slo-p:taspi:q,Qus

fossa relative to its infraspinous fossa (Figure
39) (e.g. Inman et: el., I 1944; Roberts, 19,74;

Larson -nd Stern, 1986). In contrast • the
scapulae (,:)f African apes have larger supraspinous
fossae relative to their infraspinous fos~.;;l.e.
These differences iilrelative sizes have been
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posaess relatively larg.r rot at 0l' /.6u f·f s .

interpreted as indicatil1!g that Afriqj~r,l ape s

The enlarged musculatures are theq;i;cel::.ically

required. to s tabil ise th$' Should(~lt j oirj'.t d.uring

lsuspensory locomotion (Larson a;ild:stern, 19£nn,.

planes rath~r than! lines.

II'
F,[owever, these two fc)sso.riaJ. il.ld.ices on:ly rel(';tte

the breadth Of each fossa t',o tihe! totq.l scapular

'l\~ngth and thus do no t, re.flect the actu~ll muscle

at\\tach).tlent areas. Ob'V'i¢')usly', I::.h,e.comparison of

linear measurements is not. the prefert:ed .method

of contrasting the size oj; two' r€jlgioD;JS"d:doh f

TO test the validity of the hypotheses

developed by !nrnan at fl.t. <l.944d t Roberts (1974)

and Larson and Stern (~,9 86) fro:m the above

indices~ the areas of the infraspinous and

supraspinous fossae of eelected soapulae were

oaLcuLat ed as desoribed :l.n th(= :Methods chap t ez'

(chapter 3) • The results of this analysis ar~

given in. Figu:ce 40, where the da ta have been

plotted as a bivariate plot regressi9n. A

»fossorial inde~" (area of supraspinous fossa x

100/area of infraspinous fossa) is used to



(\

compaz'e the relative sizes .of the two fossae

(Figurs 40 and Table 10). The reaults obtained

'Using these methods do differ from those obtained

using linear indices but not substantially. !t

may be seen fr6m\,F'igure 41 that vrhilst gorillas,

and in particular male gorillas, have relatively

the largest in:Eraspinous fossae o,~ any of the
if
'i

hominoid groupfs, humans do 110t;. \posses,s relatively

smaller infraspinous fossae than orang-utans but

do possess rel(;t.tively smaller infraspinous fossaE!

than both African apes and this is corroborated by

the results calculated for the fossorial indeX

(Table 10) .

Several mCIJ:phological features of the (!.$capula

show few diffe~ences between the hominoid species

but; do separatEa the scapulae of hominoids from

those Of cercopi the coLds , The size and proj ecl:ion

over the glenOid cavity of the acromio~process of

the homd nod d scapula is such a feature. Acting as

a lever, ~t is fundamental in increasing the

mechanical; advantage of the~ deltoid mUSCle du.ring

abduct j.on! of tbe azm, :tn hominoid species, ,t;he

acromion ;J?rocl~:ss pOSitions tbs orig,in of jCleltoid

:,U.7



mare laterally aver the sho.ulder Joint thereby

giving delt.o.id a. lever advantag'e over its

insertion an the mid-shaft Of the ~umerus {xnman

et: (:1.1., 1944; Cio.cho.n and Co.rruccini, 1977).

:tiom:Lno.idsthus have a leverage advantage in

abduc tLon over cercQ.pit~hecoids, in which the

a cnomdon process does not. extend substc.'t!ltially

over the glenoid cavity. The major differences

between ho.mino.ids and (~ercopi thecoids may be

expressed as an acronucn proj ection index

(acro.mion p'£'""o.ject ..on '" spinoglenoid notch depth
\ . ..'

:;x:10() I aria tiomdoa L length of the scapula) (Table

11). It n~"3.ybe se,en from this table that the
if

exb en s Lon of the ac:t~Itdon pr oce ss in ho.minoidS f,ar

exceeds that observed in cercopitbecoida.

\1;,
"L>noted that in num~ns the

insertions o.f the majo.r upward rotators of th~

scapula resemble t.hose insertions o.bserved in the_.- i.~

scapulae of prOn0"~aae primates ~ore closely than

they resemble those insertio.ns in non -fiuman

hominoids. TO ill,lustralce these differ~mces, the

upward anguJ.at.io.n of the crest of the sp.:l.ne >,maybe

used to indicate the angl~ of insertiob of the
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trapezius muscle (oxnard, 19680,C) (Figure 42).

In humans, this angle is small and correspo'fio.s
most closely with the angle in quadrupeds
(Figure 43) (Oxnard, 1968b, cJ." ::encontrast, in
the scapulae of apes I the angle is 'appreciably
wider "but the absolute values are sElII quite
small. This feature, it has been Suggested

\\

(Oxr~~rdt196 8b~c), iJ.ld:i.catesthat the human arm
lacks power in elevation and is a result of the
arrnbeing habitually used in the lowered
poeri t.Lon .

Another angle may be used to represent the
force coupLe created b;.y the relationship bet.ween
the medial end of th~ insertion of trapezius on
the spine of the scapu La and both the insertions
of the trapezius and the serratus Magnus muscles
(Figure ,44, see also Chapter 3 for more details on
the measurment of this angle) (oxnard, 1963).

Oxnard has r¢ported that in human scapul.e, the
orientation (~'fthis trapezius/serratus mag-nus
force couple more clo.sely resembles the condition
in quadrupedal ,monkeys. In addition, Oxnard1s
results indicate that there is claar
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diff$rentiatio~between the angle valuea observed
in apes and those observed in humans (Figure 45).,

_.;;.;_:-._

((Hot'1ever,'the resul ts of the present study sugge~i~t
that Oxnard's data for apes are too heavily
weight~d with chimpanzee and hylobatid values and
that the grouping napes" may be too broad a
category (Figure 45) , This author t s data f'or
humans confirm oxnard's values but indicate that
the human sample range overlaps with those of
gorillas and orang-utans. Thus, gorillas and
orang-utans fo~m an intermediate group between the
Chimpanzee/hylobatid cluster and the
human/ quadruped cluster. There.fo:r:eI the mean
values may stfll.be used to distinguish between
samples of apes and humans, but the human overlap
with gorillas and orang-ut·.ms militates aga_ins,t

this feature being used to determine the
affinities of individual specimens with uncertain
taxonomic status. Nevertheless, in broad terms,
humans may be considered more similar to
quadrupedal. primates in their trapezius/serratus
magnus force couple than they are to the living
apes. rhe reason for this similarity is the more
lateral facing glenoid cavity in quadrupeds and
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bipedaL,huma!].!:!and~, as Oxnard (lQ63) has
suggested, the human arm may lack power in
elevation as a result of its being useti
habitually in the lowered position.

In. humans and monkeys, the glenoid cavity
faces mQre laterally, whilst, in apes the glenoid

'-~':-:'~~,

\\cavity fac~~ more cranially (Inman et al., 1944i

Ashton and Oxnard, 1963; Oxnard, 1963, 1968c,

1969; Ciochon and Corruccin.i, 1976; ~~utl 1978;
-z> "~/

Vrba, 1979). Th,esedifferences in orientation of
the glenoid cavities between primates may be
metrically expressed by the axilloglenoid angle.
The r.l.xilloglenoidangle is defined as the angle
between tbe'craniocaudal axis of the glenoid
cavity and a line parallel to the axis of the
axillary margin that passes through the inferior
angle. Human scapulae exhibit much higher valUeS
of this angle than are observed in the upes and
are most similar to those of quadrupeda~ mo~keys

Ii '
\' '\(Table 12). High, axilloglenoid angjf.,es1'\'\av¢,Y~~(en
'i
;'.

correlated with mO"re laterally f~c;i.tiggleno:L4
I- .... -".. _.,

cavities and more medially pt,')t":~.t;-,ione(i scapul.ae on
" ''\

i IIthe thorax (lnman et al., 1944; Oxnap\'d,/1963,
\\._- i:

':::;:Z.:-..

~~\
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19G8C). In contrast, the apes possess zela.tLveLy
low axilloglenoid angle values which indicaees
that their scapular glenoid cavities are
orientated more cranially and their scapulae
pO(13:i..i:.ionedmoz e 1at,era1ly on 'the thorax (Inman et
81., 1944; Ashton and Oxnard, 1963; OXl1a..t"d,1963,
1968atb, 1969; CiochoP. and corrudd;tni, 1976; vrba,
rs 79). This feature in apes has be~h $IAggested to

))

be directly related to the need for t.hit5gro;tl,p,to
use Xheir upper limbs above their heads during
upper-limb dependent arboreal activities (Oxnard;
1963, 1968c1. The mora lateral positioning of

Ii if'';:
. H .. " Iithe glenoid cavLty'i'combin~tl w.ith a more medially

, . ((~<:;::'

positioned scapular body that is observed 7_11. the
ii Ii

scapulae of hunta:ns,has been associated witch t.he
bra.chium hanging free alongside the thorax,. a
position that allows the human arm a wide field of
movement in front of the body but co.rreapondd ngLy
restricts activities which require extension of
the limb above the hea.d (Oxnardj i9(3). However,
Oxnard {~963) has also noted that the more
1atera.lly orientated glenoid cavity in humans most
probably ineicates that the human arm lacks power
in elevation at ..tl'leshOUlder joint since the
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trape,zi;p.sand. serrat'us mc\"grt-lJ,f;Amus.cLe ,force coup l.e.,

which has b,esn discusse.d 8A0:\re, has a ~(~.,duqed
r !' 'I

'I.:JI

~s briefly ~ls;ntianed~:bOv~I the cranial
I:

, . ., ~orientation of 'the glenoid 'gavity has been
'associated wLth adaptatio~ to Jreg:uent use of;\t,he
forelimb in a raised pas tion (Oxnard, ~963,

);> !(
'I

Whifb amon'gst all apes
1\

\\ .arms an the raised r'·,

.1968c). Thus hylpbatids;
most fregu~ntly use their
p,osition since they arE'dependent on braChiation
as .aprincipal mode of LocomctiLcn , exhibit the
lowest mean axilloglenoid 'index value amongst.
apes. The mean values observed for the
axilloglenoid angle valuea amongst large bodied
apes cluster closely and are less diag:n\stic.
However, the sample range of index values for the
gr.eat ape s and humans is extens,ive with. ma.]or
overlappinH between the human range and tbe apesl

ranges (Fi~rure 68). Thus, this author's data
indicate that the axilloglenoid angle may not be
es useful a taj!:~;.~omicor function.al indicator
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(Ashton and. Oxnard, ~963; Oxnard, J.9~;3, <~968~, ,

1969; Cld'chon and Corruccini: 1976i V'rbav 197~).

The origin of t.lle teres maj or muscle on t.he

axillary margin is IIroure ,.pronc>unced in the

scapulae of the large bodied apes than it is in

most human scapulae .Often the superior part of

the a'c tachmant; area of this muscle fClrms a lateral

prodouncement Of tbe ma.rgin near the superior

~art of its attachment area, especially in the

scapulae of some large bodied non-human

'nomt.no.Lda , 'This greater pronouncement i.n the

sOapul~e Of soma great apes may be due to the mOre

iocalised area of attachm'i:!nt. of teres major in the

apes than in humans. In an e~amination of ape
Lscapulae, it was noted 'by the author that among

the apes, male gorillas exhibit the high~st

frequency and greatest degree of lateral margin

pr01Lluncement; but such pronOUnC€lment'is not

uncommon in the scapulae of orallg ..ub arrs and male

chimpanzees. Latera.l margin p;:onouncement is

less ~:requently observed ~.n th(~ scapulae of

hylOD<;iltids and femaJ.e chimpanzees. HOWeverI when

present, the scapulae of these two forms exhibit
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the slightest degree of lateral margin
pronouncement amongst apes. In contrast, l"f)u.mans

).\

less frequently eXhibit the degree of

pronouncement: observed in the, ajp~;@. However lit
,\\, ",<:

:Lsnot uncommon to find that the scapu.lae of
heavily musel,ed human males possess some expansion
of the lateran. margin at the superior end of the
teres maj or tn.t;7.scle,'s al::t:achmer,tt.Nevertheles.S, in
these indvidual s r' the whole az ea of attachment of
the muscle is kl'SO expanded into the inferior
angle thereby adhering to the general human
pattern Of possessing an expanded inferior area
for the attachment of teres maior.

6.5.2

The proximal Humerus

As wi t.hthe g..sno Ld cavity I the proximal end
of the humerus possesses several morphological
features that assist in creating an extremely
mobile joint. The most prominent features of the
proximal hu~erus are the two tubercles, the
intertubercular sulcus and the articular part of
the head. In this section, in~iaes wil~ be used
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~i'

to discus~.\s variations in the morphologies,l
\

feature.s d,f the humeri amongst the hominoid
t~>'

g~oups.

Just as ;~he supraglenoid tubercle 6f the

hom;j.noid,,\scap;~.t1aha,s become reducedp thus allowing
I

a greater degree Of upward Jt\0vemenit:of the

humeral head within thh glenoid cavi~y,

COl."respbnd.ingly both the greater and lesser

tubercles are redllced over those observ'ed in :tilore

quadrupedal ~?rimates. The gl'eater and lesser

tubercle~, of ape and human humez-L are typically

positioned well 1::le:1owthe humeral head (Ta.bll~ 14) •

This has been suggested as an adaptation towards

allowing the humeral head greater freedom of

movement within the glenoid cavity (Larson and

Stern, 1989). The relAtively small size of the

greater and lesser tubercles in apes and h\ Jans is
)

in contrast to the pattern obset.·'\~ed in the humeri

of more terrestrial mammals as well as with the

pattern exhibited by monkeys. In both of theae

group:::!, th~~ greater tUbercle proj acts well over

the humeral head. This restricts cranial

movements of the humeral head articular surface
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within the gJ?eno.idcaivity and thus restricts
fl..-eedomOf movement. in the tl1holeglenohumeral
joint (Zapfe, 196~r.

The inferiox;ly positioned tupercles of the
hominoid humera~ head allow for a high degree of
upward movement; of the humeral head in the glenoid
cavity without i.nterference "dth the passage of
the sUpraglenoid tubercle into the intertubercular
groove (Larsl:::mand Ster.n, 1989). Theoretically,
there is also an increase in the le~erage
advantage of the the rotator cuff muscles that
insert into t~e tUbercles. In particular a
leverage adyantage is provided for movements which
Lnvo Lve rotCltion, abduo t.Lon and adduction (Aie'llo
and pe'an, 1990).

The articular part of tha head of the humerus
may be considered almost cdmpletely hemispherical
in apes. In humans, the head tends to possess a
slightly greater length diameter in relation to
breadth (Table 1S:) (Knussman, 1967; Ciochon and
Cor.ruccini, 1976; Senut;,·19'18). Thus the whole
articular surface presents more of an ellipsoid in
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shape in humans. The hume r-aL head index (humeral
headobreadth Ihumeral head length X100) has been
used to express these shape differences (Senut,
1978). While the values calculated for the
humeral head illdexoverlap to some degree in all
th.eprimate species observed by this author,
humans exhi~it the lowest mean values, These
:r:eE:ultsare somewhat in contradiction with the
findings;'of xnue sman (1967), who reported that the
relation",ship,oflength to breadth of th. humeral

C\

head Ln humans is mid-way between the ":tound"
humeral head possessed by apes and the "elongated"
head possessed by monkeys. The present author
found that the series of Papio ursinus have
relatively broad humeral headS in relation to head
length. In addition, the cercop i cneou« aethiops

series pOSsess both the lowest: recorded. mean
value and the greatest tangs of ValUes for this
index for any of the ~r~mate groups examined by
this author. This author's results,. which
contradict: the st.at.ement.sof Knussman (1967) I may
be due to the presence of a large percentage of
captive animals in the monkey series examined in
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the present study or that this aut~hor" examined

more animals'or different, species t~han Knussman.

The relative width of the inte.rtubercular

sulcusj and by in:Eerefice the size df the biceps

brachii tendon and its investing sb\~ath, are

expressed by the inte17tubercttlar: in~~ex

(intertuberc'Ul,ar sulcus width X100/rI.\ediolateral
J'

diameter of the humel:'al head). Homit,\oias possess

considera:qly smaller intertubercular grooves than

the pronograde Old World monkeys (Tab$e 16) .

Among the hominoid species, th~ mean iX\\dexvalues

do not significantly differ.

There is a great deal of variation amongst

hominoids in the po s I tLon of the inte:ctube:t'cular

sulcus in relation to the gre,:;\ter ax~dlesser
\'

tubercles. The greatest d~gr'ee of difference is

observed between the arbitrary hylob~tid grouping

and the human/po.ng:i~dgrouping (Figure 6) (Inman

at al. I 1944; Zapfe, 1960). Hylobatids ha~'e .

intertubercular sulci which are approximatel\\?
1'1 \\

Centrally located between almost equali; size~~

greate:r and lesser tubE~rcles, a condition most
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-,il .
similar t:CI that observed in cistdop:i. thecoids J~nd.,

If

" iio/r/her old 1W'ol7ldmonkey s (Inman ~t allli, 1944 )1\. rn
~. . . I) Ii

Contrast, 1::h6 large. bc~Q.iedbbm;Lrn:dd~li,\~OSsess'i;
II

intertuber,~ular sulci llthich al:'I~n\,ore mediall~r
(\
\'

1:

positioned .betweel1 t:ttbe:rcl.es that are "unequa;!. inI,
,!: .:

size. Arnolrlgst large bodied h~nn:i.:tlo:.l.dsthe lJs~dr

tubercle at.tains its' greatest t"t~la:~i\re siz~' .'

humans.

The abOVementioned xnea.ial displacement of the

intertubercular sulcus has been linke.\d by

several authors ,to the d,sgree Of. !mlneral to ...~. ;.m

(Inman at e.L , i 1944; zap,fe,. 1960).. It. haS' been

nc ted , that in any animal which hasl reduced, or

absent, humeral torsion., the :imtert;uberc~uli:'r

groove is celltrally Loc at ad :"'etweell ,the two

tubercles (Zapfe, 1960). As humeral torsion

increaseS, tile pos d trd.on of the intet'ct.lbercular

groove is shifted medially (J:nman et: \~l. j 1944).

Thus hyloba.t.ids I which exhibit' the lo'\~est. dE;~g:ree

of humeral tors:j.on amongst homd.no.Lds , llla,vlE! th~

most centrally positioned. intertuberc1,\1t:u" gu.lci.

!n addi~ion, zapfe (1960) has reported that the

higher the humeral torsion, the narrower and
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deeper the intertuberc"hi~r. groove .. A In support of
q /1

ihr~'
Zapfe's concJ;usioni it w~~sobserve,Q by the aut:Q,or

, ! II if
\ tth'at in the chimpanzee a~~d90ri11~~r the tW'f"
] ;

species wh:i::,ohpos s e ss trp.J~highesj d,egree Of
\') 1;

htlrrl'e~;a1torsi.on an:&ng~\t;j~lhe apel ('I'ab1e 11), the
i .

hl,.1.me:!7'ipo.s s e s s the narrq~rest at{d d-;e1gest
:1 '

. intez·t'l.ll:>e:t'ou.lal';' sulci. ~in botfh hylobatid species t

which we:t'e o!:>served to P9isSeShs the lc)west degree

rof humeral torsioh,,, the 'Iint/a:r:tu:bercular groove

'wa,s found to be wide and sh~nJ,ow. orang~utans and

humans appear to be the exc~ption to Zapfe's

observation. Oi-.ang-ut an.s \possess relatd.vely loW'

d.egrees of humeral torsion but also have narrow

and deep intertubercular gr~po",eg. :Humans/ who.

pd'ssess the highest degree Clf humerG11 torsion of

an:V hominoid spe oLe s t have 17elal:'.ively shallow and

wide i.ntertu!:>ercu:Uar g.r1boves. The functional

implications of th€~ relationship petween

intertubercular sUlcus dimensions and humeral

torsion are not ..cll~\ar and deserve further study ~

,
The evolution b:E humeral torsion and its

fU11Ction h,ave been .d.ebated at considerable length
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(Miller. 1932; LeGros Clark, ~971; Larson,,,,1985} .

r e suffices to say that the mo.s.t recent studies
I?uggest that humeral t.ozs Lon in the apes and
human s is most; probably not a plesiomorphy, but.
is)wore likely the result of parallel evolution in

y

response to sele~tion pressures (Larson, ~geB).

Larson has suggested that for humans, the
ae Le ct Lcn pressure fO'i:'humeral torsion 'Was
provided by an adaptation to man.Lpu.La t Lv e
behaviour. Tha increased torsion~f the humerus
in humans would thus be in keeping with the more
laterally ~ositioned shoulder joint. 'l'o:r: s i on
of the humerus orientates the elbow anteriorly,
thus placing the hands in front of the body.
Conversely, Larson (~988) suggests that apes
eiT.oIvedeither humeral torsion, or lack of humeral
torsion, .inresponse to a variety .ofdiffering
upper limb dependent locom.otor needs. For
example, gibbons possess very low h1,.lmeraltor.sion
values in keeping with the need to laterally
rotate the arm at the shoulder joint, whilst the
arm is hypersupinated at the elbow. This position
is maintained in preparation for grasping a Dew
support in advance o.fthe body during the final
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,(Miller, 1932; LeGros Clark,. 1971; L,arson, 1988).
;~\

It suffices tb say that the most recent studi.es
suggest that humeral torsion in the apes and
:r{umansis most prpbably not a plesiomorp:b,?I but
is more likely the result of parall~~ evolution in
response to selection pressures a(Larson, 1988),

Larson has suggested that for humans, the
selection pressure for humeral torsion was
provided by an adaptation to manipulative
behaviour. The increased torsion of the humerus
in humans would thus .be in keeping with the more
laterally positioned shoulder joint. Torsion
of the humerus orientates the elbow anteriorly,
thus placing the hands in front of the body.
conversely, Larson (1988) ISuggests that apes
evolved either humeral torsion, or lack of humeral
torsion, in response to a variety of differing
Upper limb d.ependent locomotor needs. 11

if

!l
II

'\example, gibbons possess very low humeral torsion
For

values in keeping with the need t.olaterally
rotate the arm at the shoulder joint, whilst the
arm is hypersupinated at the elbow. This position
is maintained in preparation for grasping a new
support in advance of the body dUring the final
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\\
swil~gphase of brachiation (Sarmiento, 1985;

6.5.3

The Clavicle

Several morphological, features on the clavicle
may be used to distinguish :between the various

t "species oftAominoids and in particular, between
humans and apes. Most prominent (;lInongthe$e
features, is the cranial twisting of the clavicular
body. This feature al~ows the clavicles ot apes
to reach their more cranially positioned ~cromion.
Thus, the lateral ends,~,,~fthe clavicle in apes
e:' :tbita pronounced cranial twist (lH.gure47)

(Oxnard, 1984). This cranial twisting is
generally absent in human clavicles, although
there are instances of deviation from this rule.

Several features associated with muscular
attachment areas exhibit extensive intra~ and
interspecific variation amongst primates.. The
m,orpholbgy r.>fthe area of origin of the
sternohyoid muscle on the medial part of the
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qlavicle is one such feature thatr although
loc,alised in position, is variable in appearance
amongst hominoids. :A. visib]';eattachment area for
ster:u.ohyoidis almost universally present in
humaticlavicles and the clavicle~ of orang-utans,
but.it ,)i8not always detectable in the Clavicles
of chimpanzees and gorillas. The origin of
sternohyoid in human clavicles is observabla as a
rugose or depressed area situated just medial to
the rhomboid f:ossa. " In norr-human homf.ncd d.s, it
is typically observed as a large area of
slightly rugose bone located in the same position
as those of humans.

C6ncernirig ligamentous structures, in most
~frican apes the area Of attachment of the
costoclavicular ligament is not pronounced since
the costoclav~qular ligament spreads its
attachment over a much 1~rger region of the
inferomedial surface of the clavicle than in
humans. In modern human clavidle~ the area of
attachment of the cost oe'Lavd cuLar' ligament te(nds
to be more locali sed and to form what iSI known as
the rhomboid fOSSa. The prese.nce or absence o~ a

2;j4
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rhomboid fossa has been extensively studied in

medical research (parsons, 1916; Longia et: e.l • 1

1982; Jit ana xauz-, 1986). These studies have

indicated Shat :i.nmodern human populations as many

as 9.5..7 %' af clavicles exhibit a rhombol,.dfossa

(Srivastava et aZ I 1977), but frequencies vary
Ii
1!widely amongst ~dpulations. -Human populations

have been known to reco~d frequencie$ aa low as
;~:;

10%" (Eiarsons, 1.916; Lon-gia et ~,1., 19a~~; Jit al'l~1

Kauri 198~) and one wi lId expect that such

variability would also be ~resent in a~e

populations.

Whereas it is weLl recognised that both the

relative curvature and the relative tor~10n of

the hominoid clav~cle exhibit considerable

intraspecific vat"j,ability(Schultz, 1930, 1937;

Slowik, 1945; Ashton and Oxnard, 1~64; oxnard,

1969; sarmiento, 1985) I the functional

significance of such variation is not WE;'ll

understood (Ashton and Oxnard, 1964; Oxnard,

1968a; Frost, 1973; Boaz, 19BO). It is recognised

that apes pOsBeSS genet"ally straighter clv',dcle

shafts, whilst hUmans pOSseSs a con~idet"ably
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greater deg'fee of sigmoid curvature. In cgrl.trast,
human clavicles exhih~t a relatively 10\11 degree of
clavicular torsion, whi1st those of apes exhibit
relati vel.y high degrees 0.£ clavicular ~Q~o~,pn. '

.{~;::~/ ~~'~"-..",'

Figure .4 a shows. th;r.;t>,among!$,textant! hominoids ;\\
\:

the degree of torsion is greatest in the
clavicles of gorillas and lowe:;t~in human
clavicles. Both .chimpan,Zees, hylobatids and

~\

orang-ut~fns exhibit, clavicular torsion valu~s
intermediate between these extr~mes although al~

the apes cluster closely toget.l:1:er.

In, tbeir landmark Study of clavicular torsion
, . ' !

, Ashton and oxnard (1964/ p. 429) concluded that
che degree of clavicular torsion reflects "ithe
extent to which the shoulder girdle is twiste~
cranially and position~d rather mOre superiorly on
the thorax" in hom~noids. AS the mean value of
clavicular torsion riseS from Qne group to
another, we may observe an apparent rise in the
freqtlency'of upper limb dependent behaviour
associated with suspenc,;.Lonof the body (e.g .•

brachiation in the.hylobatids) .
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possibly related to clavicular torsion is the
degree Of sigmoid curvature observable :,in
clavicle's of apes. Certainly, sigmoid cUlivature

/J;\

may be used to separate the clavicles ot hominoids
from those of monkeys (Boazr 1980). However,
although examined by numerous authors (Schultz ,
1930 i Inman et: al. I 1944; Lockhart et: «i . I 1959;

Oxnard, 1968a, 1969; Frost, 1973; Boaz, 1980;

Sarmiento, 1965), th~ degree of Sigmoid curvature
of the c.lavicle and the consequent variation among
hominoid species, is not generally quantified.
Figure 49 presents a scoring method of Sigmoid
curvature deY,ised by this author that is based on
standards for five degrees of curvature. In

pthis system, the absence of observable curvature
in the shaft of the clavicle is scored as 0
whil~t strong sigmoid curvature is scored as 5.
'rhus orang-utl'l.tlmodal clavicles score 0 to 1 on

!'I
sigmoid curvature; gorilla modal clavicles score 1

to 2; hylobatids 2 to 3; whilst humans and
chimpanzees typically score 3 I 4 or 5. Most
monkey clavicles would score 0 for sigmoid
curvature.
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As"Oxnard (1969) has noted, the exacvtnature
of the relationship Of the degree of sigmoid
curvature to mechanical function is 110t known.
liowever, several aut hozs have sugge s ted (I

II
explanations for the increased sigmoid. cUrVI~qiUre

)/ I'11:} )\
ii
II

in modern hominif;.:~t!lavicles..
)
~! ~

rnman et: ai. (1944) have suggested that the
hig!ldegree of sigmOid curvature present in human
clavicles allows them to act as a crankshaft
during elevation Of the arm. Lockhart et al.

(19591 hypothesise that the sigmoid curvature iu' //
'I\1
!,human clavicles acts as a more powerful bracing

mechanism for the shOUlder girdle. Frost (1.973)
suggests that the degree of sigmoid curvatui~e is

"

related to differential bone deposition in
response to £orc~s exerted by differentially
placed muscle attachment areas in the Clavicles of
humans. Alternatively, BoaB (1980) atid Sariliiento
(1985) suggest that the sigmoid curvature in the
clav~cles of hominids is due to the more posterior
position of the shoulder girdle with respect to
the cen~re of gravity Of the body and to thoracic
shape (e.g. the barrel shaped chests of hominids
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as oppose4 to the mora fusilined shap~d ~hasts
seen"in apes). Regardless of the specific
function of clavicular sigmoid curvaturer the
interspecific d.:i.ffcrencesin the degTree of SigWOid
curvature make it _,ossible to determine the
morphological affinities of early hominid
clavicles.

AS a rule of thumb, in African apes the body
of the clavicle is not heavily marked by soft
tissue attachment ar.eas, whilst in human
clavioleS and to a lesser Gxtent in the ,clavicles
of Asi~n apes, there is a tendency fOr areas of
muscular attachment to be more pronounced. The
most striking attachment a,rea in the human

ii,.
clavicle is usually the r~;!is:edridge Ionthe
antero-inferiQr .urface that is created by the
lateral continuation of the origin of th~
pectoralj.s maj or muscle and by the medial half of
the irLsertion area of the subclav'ius muscle.
'l'hesetwo areas of rnuscuJ.are.t tachment; meet;just
medial to the mid'dJ.eof th~~human clavioular body
creating the raised ridge. This ridge runs
diagonally across the inferior §ur~ace of the
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clavicular body.
~i
I,,' ,~the anterosuperior

Often, on the sternA.l part of
surface '?f the,body of human

,\,.,.

clavicles'~ the rugose area 0-:-£ origin of the
-:pectoralis major muscle is visible as an elon.gated

island of raised bone.

In _g clavicles of humans the attacbment
area of tbe costoclavicular ligament is more
latera,lly and posterosuperiorly po sLt.Lcrtedthan l\n
tbe clavicles of non-human hominoids and it:?almost
always more localised. The position of the

1\attachment area becomes progressively more
infe,ri.orlyand anteriorly positioned from .the

:1

condition observed in the Afric,n apes to that
observed in the Asian apes. In the ,,Africanapes
the attaChment area Qf the costoclavicular

ligament is typically observed as a small bulb or
depression that ia similar in shape and form to
that observed in human clav'icles. The exact point
of~attacbment of this ligament is usually
situated just lateral t.o , ,and o.ftellencroaches
onto, the sternal articular surface. In the
clavicles of the Asian apes, the attachmen't area
of the costoclavicular l.iganlentoften forms a
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distindt blade, Or r~dge along th~ length o~ the:' ,,0 ", .;, .' . . '"

infe~tiQr surface. 'rheridge most often has a
strong anterior tJ,rientation. On the whole I the
area of at~achment Of the costoclavicular ligament
in the'clavicles of chimpanzee.s, gOrillas and
orang-utans is more medially positioned than in
human clavicles.

The function 91fthe costoclavicu.lar ligament
is not oqmpletely understood. Most studies
suggest that besides o~fering a structural
atta~hmen~ between .the clavicle, first rib and

\\
ij
ifcostal car~il~ge, the costoclavicular l~gament

/i
if

"acts aa a restraint ~gainst extre~e cla~icular
. G
<: )1

jl ., ',. . ..... i' i " .IIaxial rotation (Cave, 1961a,b; W1lltam~ and
~ Ii

If !

Warwick, 1980; Williams et: al.f 19f)9).ii A
.. . H

, .c , iJstronger t more mediJCI,llypositionecf co~~~\oclav:Lcular
',' ii', \\ \,\

ligamel1,tattachment, as is opservlpd
olav-iales of apes,

r<.)tation. since g.reater lateral!iaxial rotat~ion
\\

\\WOUld give a l.ever advantage to :it.:ne lateral ~\art
\\
1\

of the alav·:U.11Ie t' thereby increasil,ngthe like]j~hood
\\
IIof dislocation uf the lateral end~ the strong~areR

'ii \~, \1

\\
\1

\1
1\
\\

\\
1/
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of <;!',ttachmentmay indicate compensation for.the
added stresses placed on the}~t;nediallyposition~d
ligc;lmentin apes.

The p~¢torali8 majof muscle presents a l~rge
,l:

area of origin on the medial ,nd of th~ clavicle.
In human clavicles the most visible area of
attachmel1t:of pectoralis major is on the

!)

posterosupierior part of the medial end. In t,his
'\speC;'Lesthe attachment area of .pectoralis maj or is

{I \,

typically observed as a large, rugose are& of
bone.

. ,

The area of attachment; curves frd~ th~t:J
extreme superomedial edge of the sternal end of

,Ai
; ;'the clavicle laterally am~,;(a.nteriorlyuntil it

{/

blends with the rather featureless anterosuperior
surrace o+;the middJ.e part of the clavicle.

In the claviCles o~ apes; the area of
attachment ,ofpectoraliS major is almost always
more ~ocalised and more stron~ly developed than in
thel clavicles of humans. The localis.oi'l.tionof the
mbscle greatlY affects the shape of th~ medial
end. In all non-human hominoid groups the
origin of the pectoralis major muscle usually



occupies most of the anterior face of the sternal

end. In this reg;ion it generally attaches a
:}\

<"tr£angular area of flattened b6ne. The

triangular area of attachment usually continues

laterally and ends in a ridge that may be .obse:tved

on the anterior surface, nea~ tb~ m:i.ddleof the

body. In combination with the large muscles of the

shoulder gi'l~dle,pectoralis maj or assists in

draw~ng the thorax up and forward (see Chapter 5) I

thus the strong alteration of the medial
'i

morphology of the clavicle ob~\~rved in the apes

most probably is a result of tie localization of

the area of attachment in these forms.

The author observed that there is extensive

variation amongst hominoid species in the

cross-sectional shape of·the body of th~ clav~cle

and jt was decided to examine the shape

differences to see if any useful taxonomic

indicators might be observed: Therefore the

cross-sectional shape of the body of the clavicle

was taken at the approximate mid-point of the

greatest length, which in humans usually lies

at or around the point where the anterior
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~

cuz-vat.uz-e o f tllE> hOd~,.' of )he C~~ViCle givel< way to
If

the posterior curvatur,.e/ variation. in

cross- sectional shape of "the body Of the clavicle

was observed to be high between hominoid sp$cies

< E'1.gure50) . Humans were. found to generall}'-

exhibit a lunate shape that has rounded bord~rs,

although th,e preSenCe of an .a.ngularr flattened

slope on the 'anterior surface is not uncommon

(Figure 50). In contrast the clavicles Of

oratig;tutans and hylobatids typically present a

more angular"and almost triangular cross-sectional
t. . " . 11'outl~ne of the body. The clavicles Of chimpanzees

and gorillas are more flattened and, in

cz-osa- sectional shape, resemble a reversed

airfoil, being somewhat flattened on the inferior

surface and usually exhi.bit a. long, anterior

facing slope on the sup ez-Lo r surface.

No previoU$ in-depth stUdies have been

conducted on the functional significance Of these

varieties of clavicular body shape. However, it

mray be surmised that the lUnate shape observed in

the clavicles of humans may be associated with

increa'sed sigmoid curvature. This correlati(pn
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has also been observed by the present author in

chimpanzee claviclep that exhibit increased

sigmoid "c;!u):"vatllre(3 and above on this author'S

In these specimens, it
;>

has been noted ,that the .more prollounced the

Sigmoid curvature, the more lunate the
" .. .. \\croSs-sect~onal shape.

,-Conversely, in human

clavicleS'that exhibit less Sigmoid curvature, the

cross sectional shape of the body is more

flattened.

AS was noted for the cto.ss-sectional body

shap~, the cross-sectional shape Of the medial, or

sternal, end of the clavicle varies qramat.ically

among the ho.minoid groups. Ruman clavicles tend

towards a more r'ounded or ovoid cross-sectional

shape (Figure 51).. The outline is usually

int.errupted by rugose ligament attachment

impressions in clavicles of male individualsr

while t.hesemarkings are less obvious in

Cl~vicles of female individuals. The
", ",- ,,' , " " ' " , \,1oross-sect~~.nal shapes of the sternal ends of

non+human hom}:noid.clavicles are usually less
\\
"ilrounded than those of human clavicles.

Ii
II
'IIt
)1

However,
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tlibs€:of African apes are more similar to the

clavicles of humans. The clavicl.es of orang-utans

and hylobatids are more flattened and less similar

to those of h\~~an clavicles.
'\.~'~:"

Summary

The skeletal, e1eme1;ntsof the shoulde:r;-girdle

of extant hom LnoLd.scompz Ls e a compLex that is

very mobile, offering a h±gh degree of freedom of
'Ii

movement to the upper-limJ;>. However, amongst

homd.noLds there are varyin.g skeletal features that
\~:.

'may be related to locomotor ~ehaviour. This

chapter has highlighted numerous morphological

features of the shoulder girdle which enable the

author to distinguish between the functional

morphologies of extant taxa. What i~ most read±ly

evident is that single features are, for the most

part, unreliable for systematic or functional

interpretations, since there is a high degree of

overlap between the observed morphology of

individual 'features amongst extant hominoids.

Rather, "pack.ages of traits are more useful in
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Ii
" distinguishing between spec::i.es.

o

Nevertheless,

modern hominoid r.torphology is remarkably

homogen.eous between species, and only with carefu,)l
Il t: j/ .

D assessment may. the different locomotor behalfdour

be distLnguish~d.

'In chapter ., I the k~.pwledge gained in this

study of the extant hominoid shoulder g~)rd.l·e will

be appLded to the fossil hominid record.
, .... ', ',', . '" . ;
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Chapter 7

';!)he Anatomy 9£ the Sarl)" Hominid Shoulder Gird.le

Recent discoveries <tIf numerOus fossil homin;d

shOUlder girdle elements f;tom Sterkfontein allow

the first comparisons bet;ween shoulder girdle

elements of t\..,owell t'f,tpresented species of

plio-Pleistocene hominid. This chapter is an

attempt to appX';~ the functional and morphological
r""· _J

" '. _-,.~ (

knowledge ga.ined from the study and analysis of'

the modern hominoid shoulder girdle tlnman at a~.,

1944; "Ashton and oxnard, 1963; Oxnard, 1968C,

1969, 1990; senut, 1978;' Larson and stern, 1986,

1989 etc.; this study) to the fossil hominid

material. The goal is to explore what functional

adapt atLens may be shown by the fossil forms and

to make Observations on possible phylogenetic

relationships. Therefore, this chapter not only

compares the fo~sils with extant forms, but alSo

compares intra- and interspecific adapt.at.Loriaand
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relatior).ships fossil pre.se.rvatiotl and
numbers.allow.

'I'his chapter begins with descriptions and
-,~

discussions of the fossil shoulder girdle material
c,

referred to the early hominid species. The
statistical data present$d in this chapter are
prima~~ly presented as means,
and observed ranges.

I)
1/

Illustrations of fossil hominid specimens that

guide's to assist, the identifyting and
have previously been deaifribed

IIreade.c in
are included as

visualizing importan'2 morphological features of

)1;f
The Pl~tes and Figures of thethe bones.

,1/previou$ly unde$cril;led fossils from sterkfontein
are ana.tomically a.ccurate and may be considered as
reasonable facsimiles of the original specimensA
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7.2 Ii

"

Refe·:t:t'ed to, or Associated With,

"Australopit::b.ecus a.£ricanUiJ ()

7.2.1

Descript.ions

7.2.1.1.

The sc.apulae

7.2.1.1. ..1

(right scapular fragment (Figure 52)
(Broom et a~., 1950)

This specimen comprises the 9ll~~iCb·t.\rarea, the
lateral one-half of the spine, part of the
acromton, the coracoid process, the infraglenoid
tubercle, supraglenoid tubercle, and the superior
hal~ to three fifths of thm axillary' margin of a .
right scapula. I MO$t of the glenoid cavil:¥'is
preserved, lout ere is superficial scoring of
most of the articular surfac~;
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The glenoid cavity of Sts 7 may be described

as pyrifoJ:'m in shape. 'I'his shape is emphasised

by the strong md.d- costal margin~\notching. Tnere
\\

have be.en numerous estimates of the dLmerrsLons of
C';·

the glenoid cavity but du.e t<? damage to the area,

estimates vary greatly Larcom et: el.. I ::"";50;

Robinson, 1978; Senut, 1978; Vrba, 1979) (Table

18). This authorts estimate of the glenoid

cavity greatest length (GL) is c38.0 mm. This
,'/

estimate is based on the assumption that 'the

superior part of the supragl'enoid tubercle is

complete t' or nearly complete, and that there is

minimal anteroposterior distortion along the

length of the glenoid cavity. On the basis of her

r-e con scz-uctLon, vrba (1979) has also reported a

glenOid cavity le.ngth of, c38. 0 mm ,

The breadth dimensions of the glenoid cavity

are mOJ:'edifficult to assess due to significant
/'

damage to the dorsal glenoid margin and minor

damage to 'bene .lower paz t; of the costal glenoid

margin.
\;<:\

Neverthel\~sSt there have been several

estimates for glenoid cavity breadth in this

specimen (Broom et al., 1950; ~obinsonJ 1972;
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senu~l 1978; Vtba, 1979}. :However, all estima.tes
\\

of breadth that were made before Vrba's c1.eap,ing

of the speci.men in the late 1970'$ (Vrba. ~979)o .

may be considered invalid, since her removal of
.. ;::;::-~

":-,--::,:~..::;:-~-

the attached breccia has revealed cO\tisiderably

more bone than had previously been surmised.

After her reconstruction of the specimen, Vrba

estimates an articular sur-facebreadth (,AB)of

19.5 mm and a glenoid cavity greatest breadth (GB)

of 22. a mm , This auchox estimates articular.

breadth.at C19.0 mm and g0eatest breadth. at C23,0

rom. This author~s estimate is based on the

belie~ that the raised ridge tha~ is visible along'~

the costal margin near the point of~greatest

breadth, is the line of attachment for the glenoid

labrum. This indicates to thiElauthor that the

articular surface is complete at thi.spoint. This

author's reconsi:ruct:lon of "origillal greatest.

breadth is slightly higher than vrba'$ because

allowance has been made for some bone loss on both

the lower dorsal and costal margins, a situation

not taken into account by Vrba. Neve.,rtheles$,the

resul tir19glenoid index value CGI) of around Got

is comparable \ltith previous glenoid index
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· f~~P
!,"' J/estimates sa...."e for ''thatof Rop.i),"l~:on(1972).1 whose

estimated index value of 51.4%' clearly results
from his underestimate of the glEll.noidcavity

.,\
':/breadth;'in the unprepared specim~~n. Glenoid

cav~ty ~\j~tiCular;'depth is estimated by this author

The supraglenoid tubercle is pronounced, and
is costolaterally orientated. The infxaglenoid
tubel.7cleis narrow (C3.0 mm) and long (017.0 mm)..
In its superior part there is a well-defined

tubercle-like projection which Vrba (1919)

·thought might represent a "postmortem
deformation" .

The axillar~ ma~gin is thin. tt has a slight
costa~ curvature along its entire lengt~. Total
length of the preserved axillary margin is 71.0

mm.

The acromion Of the specimen has been lost
during the past half-century but fortunately it is
illustrated in Bl:'oomat ai. (1950, Plate 2:

Figure 9) . From this plate it may be seen that
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I)

the acromion extends" medially for some digtance

over the glenoid cavity. However! ", :i,t is also
.'

evident from this"'plate that the acromion fragment

was noc complete. The spine of the scapula is

s1.,ightl}r °thickened at the base. Spinoglanoid

notch depth (SGD) is C12.0 mm.

The coxaco Ld process of S'I'S 7 is mostly

complete.
"1"'-';'·',,,

AuthorS vary i~,,'heir e s t.Lmat.e s ()f the

original e~tent of the late:r;al proj eC,cion <'l\fthe

"coracoid process of ste '1. Vrba (1.979) est±,illlat,e.s

as muoh as 010.0, whilst Ciochon and Corruocib,'i
i \\

(1976) feel that the coracoid WaSmostly oomplete.

The :r~mainder of the coracoid is fairly robust,

but the neck of the coracoid is quite slender.

ste 7 has what appearl:3 to tie C;?" strongly de(~eloped

dorsolateral tubero),e on the coracoid whi.ch Vrba

(1.979) believes is the homologue of the attachment

area of the conoid part of the coracoclavicular

ligamel1t. 'rhe soapu Lax neck has ah estimated

width of c50.0 mm.
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7.2.1.1.2

StW' 162

(left SCapl.lla(Plate 1})

(new specimen)
I!
I/
/,
II
!i

This specim~n includes the ~ell-preserved

glenoi~ca;ity, lateral part of the base of the

spine, infraglerioid tuberc~e and par~ of the

axillary border of a left scapula. '.thearticular
il

1/

sur£ace is in goOd conQition, but some slight

damage has occurred over the infel::'iorand dorsal
v

parts of the glenoid cavity rim. The glenoid

cavity is,shallow (c 1.0 mm) I sliHht;Ly concave

across its "hreadth, but more notic~~ably concove

a19ng its length~ The concavity is a result of

a superolateral. inplination of the cranial
1\

one-third of the gl&noid cavity.

The inferior two-thirds of the articular

surzace is expanded anteroinferior:ly. M~ximum

breadth is 25.8 rom, estimated length is c37.0 mmi

actual length is 34.8 mm. The resulting glenoid

index is 70%. The costal notching of the glenoid

rim is extreme and this gives the glenoid cavit~
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a distinctively "inverted keyhole" shape. In all
IIplaces where preserved, the attachment area for

.theglenoid labrum fs wide and pronounced,'·:3 .. '

encroaching some 4.0 - 4.5 rominside 'the actual
)\

surface breadth of az-ound 20.0 mm , The
glenoid r~m. This gives a greatest articuiar

supraglenoid tubercle is identifiable as a
roughened area of the superior articular surface.
The roughened area extends superiorly into the
damaged area where the ba.se of the coracoid would
have been.

The infraglenoid ttibercle is large and
tJ

anteriorly expanded. tts fotm is bulbous and 'the
surfac~ is rugose. Anterolateral to this
tuberCle is a large depression \\chat may mark the
supero~anterior limits of the origin of the long

hcc.\dof the triceps brachii muscle and poss:Lbly
the attachment of the coracohumeral ligament.
On the costal surface, tha axillary margin is
broad and well defined. A small boss of bone,
located near the inferior extent of the aX,illary
ma:r;-ain,is p.robably cl postmortem defect. On
the dorsal surface the base of the spine is
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zobus t.. LQ.terally it rises away from. t.hE'_; dor$..a.;l"
..\j

s~rfa~e at around 80°,

The spinoglenrid notch depth may be estimated
) (
1,

at 13.7 mm. Just inferior to the base of the
spine is a large concavity that is probably the
cran.iolateral end crfthe attachment area Of the
infraspinatus mu"scle. dUst superior to the
spine is a large vaacula.r foramen passing into

,

the neck and supE:I:i~ran~'1e.

All the superi.or gart of tJ.tespecimen is
fi

. . 0 ,m;i.ssing,llaving been broken, from t.hebase of the,
coracoid medially across the supraspinous fossa.
The edge J5:e the axillary margin is missing from
the inferior part of the infraglenoid tubercle.
There are numerous flakes of }Oone missing from all
~surfaces of the specimen. A large fossilization
crack runs diagona.lly across the inferior face ot

the base of the spine. Apart from the positions
mentioned, none of the damage has caused any
manifest distbrtion or metric change.
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7.:2.1..1.3·,

stw 431

(xight scapula {Plate 2J
D

(new specimen)

This. scapula fragm~ht forms an eLemerit;of the

partial skeletonStw 431. :tt consists of four

pieces that, w'hen j.oinecf,fit in perfect

alignment. Wh~n recOl'lstruc.ted, it comprises
", s.:',

approximately 140. ,0 rom of the axillary margin of a

right scapula with both tbe inferior angle and

part of the' infraglenoid tubercle intact. The

estimated original length Of the~axillary margin

is 1.43.0 mm . Thi,s estimate is based on the

assumption that the spe.cLmen is br.-okenjust below

the lowest point of the glenoid cavity, as

suggested by a small amount of anterio~

curvature to the inferomedial ~~lf af· the axillary

margin. At the superolateral point of break'a:ge

c8.0 rum of the infraglenoid tUbercle is int.3.ct.

Anatomically, the tubercle is castolaterally

rotated.
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On the d,orsal ~urface of the blade of t~e

scapula the attachment of tlp.,6teres :minormuscle

is Slightly rugose. Along the length of the

axillary margin this muscle is attached mostly

along the extreme ,la,teraledge of the blade.

About 40.0 mm down from the uppermost point of

breakage is a slight depression whiq,hmay mark the

point of paSsage of the dorsal scapular artery_

Approximately two~thirds down the length of the

axillary margin, the inferior attachment of teres

minor and the superior attachment of teres major

are separated by a prominent ridge. At the

point of juncture of these two muscle areas is a

slight depr~ssion that crosses the r~dge at an

oblique angle; it is most likely the :homologue of

the oblique line. The ridge continues

inferomedially to end near the axis of the

inferior angle. Blenaing inferiorly with this

ridge is what appears to be an overlapped part of

a prominent attachment area for the serratus

magnus mnscle and a small part of the inferior

conti;r;.dationof i;.herhombodd major:muscle.

This author is unable to discern whether the

small, tubercle~like ridge near the attachment of
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the serratus magnus muscle is t';;-''''' ~ttachment: area

fOe lattisimus dorsi. Alternatively, the

tubercle-like area may simply be a .rugosity

created by the meeting of teres major and serratus

maqrru s .

At the superior point Of attachment of the

teres major muscle, a protuberance projects
/'\ ',\ .. .... . .. .. I >lateraLly from.the axillary"margin; J.tpossesses a.

distinct tUbercle at its superolateral tip.

The attachment area of teres major continues

inferiorly until it contacts the s1..tperomedial

continuation of serratus magnus.

On the anterior surface the specimen's

ventral bar is straight in the inferosuperior

axiS. However, the ventral bar exhibits a slight

costal curvature along the length of the margin.

Th~i!reis a laterally expanded, but transversely

thin, axillary sulcus just inferior and medial to

the most distal part of the infraglenoid

tubercle. This feature most likely accommodal7es an

enlarged~ overlapped attachment for the long\:~head

of triceps bra~hii. At the infer:Lor angle, tl'),9
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distal insertion of t:he serratus rnagnus muscl.e is

rugose frtnd conti;nues medially until m~.¢ting an

area of da:!ttage. In the mi,1dle of the tugo~e

area is a distinctive ovoid impression.. Just
\'

superior to tb~ rugose area created by serratus

ntagnus.. is the inferior part of a pr-onounced

aubs capuLaz' fossa mus.eut ar line.

The head of the scapula, the supraspinous 'and

infraspinous fossae are missing, Save fe>·ra small
--: r"
!./

area of thainfra.spinous fossa within the inferior

a.ngle. 'rhere is no visible distorti'on of the

specimen.

7.2.1.2

7.2.1,2 ..1

Stw 431

(right Clavicle (Plate 3))

(new specimen)

This right Clavicular fragment, associated

with the Stw 431 partial skeLe.ton, is 71.5 mm in

length but is mit;,)~jm9 both articular ends. It
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appears to possess a low negret§! of sigmoid
"curvature and i~ the line of curvature continues,

would sco&,e approximately a 2 on the sigmoid
curvature scale used in this tnesis. The
,f;:pecim.enpossesses an enlarged deltoid crest.
The crest is seen as 2a sharp r:i.dgeon the
anterior part of. the inferior surface 023. $ mm
from the lateral, point Of breakage. :(t cont.Lnue s

\~

medially for 020.0 until it meets the medial
'ibreakag'e p,oint. On the 1'oste:l;'io1."margin of the

inferior surfao~ near the lateral point of
brealcage thsJ,:"E":is the beginnings of a roughened
, . "- .. ...:::.:' '~,

ridge that is p:robabJ.ya medial continuation of a
pronounced conoid tUbercle.

On the superior suxface, at th~ mediolateral
point of breakage, the tlli1.y distin,,·,tivemorphology
is a roughened, ra:",.-:.0. area (c13.0 001'0. in length)
that is an extension of the deltoid tuberosity.
The area of attachment of deltoid contilt'l,l.es
medially from the t'l,l.bercls,across the superior
surface, then :i.nferiorly onto the anterior and
inferior surfaces and forms, along the route of
its passage, a pronounced deltoid crest. The



,I

o

r

remainder of the ISp.epimen is .relatbrely smooth and f,)

at~,t.Clchxnentareas. No apparent distortion .,is

observable. Dimensions of the shaft "at the most

medial point of 'breakag,e are 8.7 mm

sp,pero ~inferiorly', and 1,3.1 mmant\~roposteriorl~>,~ ~
CQrQical bone th~ckness averages 3.0 mm,.at. the

most medial point bf bre<tkage and 1.5 mmat the

most laJteral point of b:r;eakage.

In cross se~tion the i.nferior surface :Ls

flattened whi\lst the superior surface is rounded.

Whilst one can see that the complete specimen

would have possessed some degree o~ torsion by the

differences in angulation of the bone from lateral

to medial, it is impossible to assess acurately

the exact degree of torsion.

t:
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7.2.1.3 II

Th.e ~um.eri

7.2.1.3,:1

(ri.ght humer us (Figure 53)

(Eroom at i:ll., 1950)

The sts 'J right humemi s comprises $. nea.:rl.y

p~r~ect artictilar surface, slightlY da~aged

gr~ater and les~er tubercles and
.1
I

)\
a badl~y crushed

The articular surface is rounded with a

meci'.iolateral. diameter (MHD)of 39.9 mmand an

\'~) . . .. ' tant~i.'roposter,l.or d.Larnetaz CARt»of :35. 1 mm, The

hume;\:sl head index (H:EU)Ls thus sa. 0%. The lesser

tube~cle is well dev~loped and leads dow~ to a

strong ridg~, the crest of the lesser tuberQle,

that bounds hhe inte~tubercular groove. '1'here is
( .)

very little anterior or posteriQr curvature 9£
t:his J::'idge. The greater tubercle is not large

and doe s not extend above the head Of the humez'u s ,

its mos ti proximal point lY'ing approximately 3.. .5 rom

below the articular surfac:e. There is a rid!~e

near the superi,J:t' point QJ: the tubercl cpid
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\~according to Robinson (1971) the rid.ge separates
the attachment areas of infraspinatus and
supraspinatus. The attachment area of the teres
minor muscle on the posterosuperior part of this
tubercle is visible as a §istintit concaviiy. The
greatest intertuberCular groove width is c6.0 mm.

\\ ;""',

"':

Where the intracapsular non~articular area meats
the inferior part of the articUlar surf-ace ther~
is .a prominent ridge that mi';l.¥ in part be due t.o

the distor,;;:iioncaused by c~~ushing of the shaft.
The remaJ"nder Of the speoilt\etLis tqo badly q,amaged

"

I,

to identify any morpholosrical features. However,
f.r9mthe surviving length of shaft Broom et: 8.1.

'I

(1950) have est Lmated the reconstructed length of
the complete humerus to :be 290 ..0 - 310.0 mm ,

7.2 ..1.3.2

(right proximal hUl\leralfragment (l?late4»
(new specimen)

This humeral fragrment comprises
approximately three-quarters of the head, part of
the greater tubercle, most of thE~lesser tubero/l\e

~"'. \)
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and a small amount of the shaft ,of a right humerus
(030.0 mm) • probable carnivore((damage and some

ex£oliation of the bone surface due to weathering
are present on the anterior and posterior

surfaces of the articular head, as well as on the
lateral part of the anatomical neCk.

((

The rnediolateral head diameter of~the spe~imen
is estimated at ~4.0 mm (Table 21) . The

supero·inferior head diameter cannot be estimated
dtieto damage. At the most distal point of the

narticular surface of the head, the 'surface forms
a ledge over the intracapsular non-articular
area. The intl~acapsular non- articul ar area is
sli~htly conCave, with Dome anterior flaring below
the lesser tubercle.

The greater tubercle is large and bulbbUS, but
its cranial extent cannot be established due to
surface damage. The lesser tubercle is rugose
aud projects strongly anteriorly.
part of the lesser tubercle, there is a large,
rugose area, which\ is most probably the insertion

area of the subscapularis muscle. The
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l'

but aintertubercular groove is badly
minimum gre'atest breaqth Can be estimated at es ,0
mm. The medial ;U.p of the groove is pronpullced",
becoming less so distal'ly as it blends with the

,',

Lns.art Lon area of teres ~I.ajor. Dorsally, within
the interior of the groove, a slight roughened

('

area. of the bone surface most likely marks the
illsertion ares of latissixnus dorsi. Cort/rcal
bone t~ickness of the shaft varies, wherever
measurable t from c3 .0 to ca .5 mm ,

Damage to the specimen has renl9ved mdS:,tof the
anterior, posterior, arid superior parts of the
surface of the head.

~\-.,
This damage has exposed

large areas of underlying cancellous bone.
Most of the posterior part of the shaft has been

~lost, lea,1fi119only about 21. C'~>mmof the greacer
tuberQle intact. Some distoX'tion has occuX'red to

r)

the specimen due to the fossilization cracks
within the intertubercUlar sulcus.
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7.2.1.3.3

stw 517

(left proximal humeral fragment (Plate 5))

(new specimen)

This specimen is a left proximal humerus with
most of the articular aurface, lesser tubercle,

\\

and anatomical neck intact. The head of the
humerus is slightly elliptical in shape, the
inferior margin forming a slight lip over. the
intraclpsular non-artiaular area. Apparent
carnivore gn~wing has damaged the superior parts
of the lesser and greater tubercles and the
inferolat~ral part of the neck. Despite being
recognisable as a humeral head of a hominoid, St.

517 posSesses little preserved morphology that
assists in further taxonomia comparison.

The rnediolateral head diameter of stw 517 is
c36~3 mm and anteroposterior head diameter is
34.0 mm (Table 2:1,). The humeral head index is
93.7 mm. The 1.esser tubercle is well preserved.
lliong its anterolateral surface the area of

.:i'1sertionfor t.he subscapulari.$ muscle is visible.
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The greater tubercle is poorly preserved.

There is a siight amount of posterLor orientation
{)

to the whole of this tupercle. 4ying between the

two tUbercles is the badly damaged

intertubercular groove for Which a maximum width

of c6.0 mm has been determined.

The intracapsular non-articular area is wide

and flaring. Dotting the anterior pa.rt of this

area are numerous large foramina. Cortical bone

!thickt~ss along the distal part of the shaft
i

averages 3.0 mm. Superior to inferior length of

Scarification has occurred to most of the

articular surface whilst a majority of the crani~l

and posterior parts of this surface have been

lost. Several small areas of damage that expose

underlying cancellous bone occur across the

remainder of the articular surface. The superior

part of the greater tubercle is missinw. A large

fossilization crack runs supero-tnferiorly through

the intertubercular groove. This ~rack has

distorted much of the posteriQr part d'f the
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spec Imen . The dist.al continuation of the iesser

tubercle is damaged. TJ::l.especimen is broken

diagonally across the surgical neck. A

considerable amount: of mediolateral compression
II '
j:\

has distorted th~ ,shaft of t.hespecimen.

7.3

l~peeimens Reft;3rred to" or Associated With,

Austral QP.i f:becus a£areJls:f.s

7.3.1

Descriptions

7.3.1.1

The Scapula

7.3.1.l.1

.i\.L. ·26&-lL

(right scapula fragment (Figure 59~)

(Johanson et al., 1982)

(I

The A.L. 288~11 scapula fragment comprises

the glenoid cavity, parts of the base of the

spine, the base of the coracoid process and c49.0

mm of the axillary margin of a r~ght scapula.
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The sca]>ular glenoid cavity is i.nnear perfect

condition. The specimen comprises three major

pieces which when reconstructed fit in"nearly

perfect alignment. several Cracks are found~fn

·the'specimen but appear to have caused no

distortion or metrical change. A small

subChondral defect, which Johanson eL aI. (1982)

have described as premcrtem, is observable on tlla

articular surface of the gleno1.d cavity, near the

junction of the ~uperior two-thirdi and inferior

one -third., The superior angle has been sheared

away. A.ll,the specimen medial to C20.0 mm from

the base of the spine has been lost.

The raised ridge that marks the attachment o£

the glenoid labrum is prominent dorsally, and in

particular, in the superior one-half of the

cavity. The supraglenoid tubercle is

distinguishable as'a prominent, superolaterally

extending protuberance, which is part of the

raised, rugose area of the attachment of the long'

head of biceps and the coracohumeral ligament.

The infraglenoid tubercle is visible as a

271.



flattened bulb that forms a part of the rim of the

glenoid caVity. There are slight discrepancies

concerning the actual me.t r-Lcs of the dil"nensions of
. \1

A.•L. 288 ..11. Senut (197,8) has published values

for glenoid cavity length as 26 ..8 mnt'and glenoi,d

c""vity breadth as 18.1 mm , JOhanson sf; al. (1982)

give values of 25.7 mmand br',<;!Q.dthas 18.:2 mm

respectively. Since this autho;t: has not

personalll examinedcthe original Hadar material

both values for the ..glenoid index have been used

in the present inves_tigation (67.5% q 70.8%).

Spinoglenoid notch dJI;pth is estimated from a cast

at c.t o , 0 rom.

The axillary margin is anteroposteriorly

narrow. Costa.lly it exhibit.s a deep ~entl.'~.al $l.l.1.~u.s
," - \. ::,1

that has been
. I

\\ /IIdescribed as II triangul::-,r o~vql:i1;'"

form (Johanson sf; al. t 1982). On the doi-sal

surface of the axillary margin a groove, which

lies c16. 0 mmdown from I;".hegl.B,nbid margin, has
' ...:".J U "":',

been interpreted as either t~h,~i7.:hferior limit of

the attachment of triceps muscle and superior end

of the attachment of teres ~inor, or a superiorly

pOSitioned groove for the circumflex scapular
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artery {Johanson et . al.; 198::2}. An estim~te of
the axilloglenoid angle has been made by Stern and

IIsusman (1983, pp. 284-285) u~£ng their "bar
glenoid'; angle. This estimate results in a best

gu~ss of C130'" for the bar glenoid angle, a
figure \)tHatconverts to azound 1220 for the
axilloglenoid angle (stern and Susman, 19.83).

Senut (1978) has estimated a,n axilloglenoid angle
for this specim~n of around 115°, This author'S
estimates of the range of possible axillogleno:J.d
angle values (based on a study of the cast) are
115°- 1250 with a "best guess~ of around ?120D,

'7.3.1.2

The Claviculae
7.3.1.2.1

(right clavicular fragment (Figure 60})

(Jo~auson at a2., 1982)

This specimen is the lateral one-third of a
right clav~cle that. is missing the acromial
articular end. The specimen presents a concave
anterior border and a convex posterior border.
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The superior surface

muscular marking observable and tl1is has been

interpre.tedJas tll(:$;~~rea for at t achment» of del t.oLd ,
\ ;nl

The inferior surface is separated from the

p<?,sterior border by a Sharp ridge that represents

the contilluat.:to.n of the small conoid .tubercle.
ii
'the area surrounding the conoid tdbercle is

!,'Qughened for 1fgamentous attachments.c The

medl?1;l part of the. inferior surface shows evidence

of the 'SJlb91avian groove.

\riewed 1.aheral1Y the speci~en is" r-ounded

superiorf§'and flattened inferiorly. :rtS

dirrtensJol!'~s are 7.4; roth superofnfel1£6rly and 11.9 mm

ante~qposteriorly. Themedfal cross-section is

ovoid and mea.suce s 8.4 romsUPero-J.n.fer.forly and

10.5 nun~nter·oposteriorly. The total lenge:l of

the fragment is 34.7 rom.

7.3.1.2.2

A.L.. 333-6/9

(right C!lavicula.~ fragment (Figure 61))

{Lovejoy et: al., i982b}
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This specimen is a r~ght Clavicular shaft
mis~ing both articular ends. It was recOvered in
two sepaz aue pieces that, when ali~ned, ullite
perfectly.

The clavicle is described as being
umoderately robust«, H~wever, r~e shaft has a
"particularly undifferentiated surface with
respect co muscle and ligament insertions I,

}_:..\)

(Lovejoy at al., 198?b, p. 638). The most
prominent feature on the superior surface is the
ridg\ )19 15rigin of the deltoid muscle. on the
il1fer±o,Fsutface the conoid tubercle is absent,
being apparently ~~placed by an angular margin
that separates the inferior surface from the
posterior surface. The posterior surface shows a
slight r01.1ghenedarea at ·the attachment 0f the
coracoclavicular ligament. The lateral aspect of
tb.especimen has a distinctly rhomboid shape..
·~asurements at the most medial pOint of breakage
are: 15.0 mm (anteroposterior height) I 14.5 mm
(supero-inferior breadth). Measurements taken at
the conoid tubercle are 12.4 mm (anteroposterior) I

9.3 mm (supero-inferior). Measurements taken at
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