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Along with morphology- or structure, iet,us add” size....
structure is quality, while size is quantity..,. how 'can
one 'classify_anima¥ on the basis of size? In any one

genus, for instance, one can find an extremely large

range of sizes.... size may be an important . difference
between two species in one genus and have consequences

which' permeate into 1its ecology, its reproductive’

actiwities, its evolutignary progress, its development,
its physiological activities.... a

.
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Abstract

»
R

The primary purpose of this thesis is'to examine

. . . 2 . N .
.interspecific, subspecific, and sexual variation in the

size of the mandible 1in five extant pongid 'groups.' “As
- ) .

expected, gorillas are the",&argest, orang-utans

L R’ :

intermediate, ahd chimpanzees the smallest in size.

Bornean orang-utans. and hlghland mountain gorlllas are

C e

the 1argest of their respectlve genera. Males normally

have bigger mandibles than females.

-

similarities between the mandlble of extant- ponolds “to

those mandibular: fragments presently belonglog to 'the

fossil Ramapithecus/Sivapithecus group. - ‘Examination of

A %econdary purpose is the compardison of metrical,

&

a possible anatomical association between 'oran94utans‘

3

and the Miocene fossils involves the fUSé of the

multivariate statistical app:bach known as’ discriminant

analysis. As well, the ranges of metrical,Vari§tionjihl

the 1lower Jjaw:"in the samplé of  modern 'pfimaﬁes ‘are
plotted as a series of graphs’ in whigh the fossil
T : '

measurements are fitted. Using the _“discriminant '
analysis  technique 62% of the Miocene mandibglaf
. ' . } ,4,}

fragments fit within the morphological. size range of

o

terms of biological distance, body sizej ofAjdietary,

N o
similarities.

Pan. ‘This result suggests an affiliation with Pan in
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Chapter 1

Purpose
~ The main‘pufpose of this thesis is to examine, the
S TS T T .
interspecific, ‘subspecific, =~ and sexual levels = of
morphometric variation of' the mandible in a sémple of
five extant pongid groups. A secondary inteht involves

) - : SRR B
the comparison, based on measurements, of middle to late |

'Miocene~‘h6miﬁoid fossil mandibles presently identified

in the published literature as either ~Ramapithecus ‘ or

:SiQaéifhecus, to tHé fiVeqéﬁeietal.samplegvof ‘extant
fpoﬁgias. The appréaéh of Vca;égorizing~ ﬁa#bnomically_
unkpowﬁ ‘fossils 'ih‘ terms Qf 1ivin§ scouﬁterparts iégr
Afoundgd iﬁ the'présept frend in physicél anthropology pé
the use Of cdmparétive research. A brief disqqssiq?/bf

the history leading.to this approach is examined below.
P A’ - > . . ., .

_ . , . .
Histqfigal development of comparative reSearchff
’ (.v Traditidhaliy, comparative ”resegrch/( stressed
ﬁorphological 'similarities .and differeqéési beﬁween
fossils ~and extaht primateé; Thgs_ emgﬁ;sis »oécurréd

/ 4

because’ many of the first palaeoanthfbpologists’ were
R R 7 A
‘trained initially in anatomy (for ‘example, Davidson
Black,.. Raymond patt and Grafton E}iiot Smith). - Thus)
N K B Lo L 7 . _ N

these scholars‘bfought‘their own sexpertise to the new

-



W .

‘o ¥
field of human origins research. These studies of
anatomical similafities - and diffefences might  be

-

Considered as part of the first phase in,the developmerit

’a

of an overall comparatlve 'methohology This primary'
phase was ﬁo{,d for 1ts empha51s ‘on. descrlptlon and

‘typology of fossil remains and was a period of data

collection and organization.
.all ‘that.can be done with the initial

‘descriptive information is to ggan a first

understanding, a sense-of problem, and a-

prellmlnary classification. To go’ further

requires an elaborgtion of theory and

method along different lines.

L}

(Washburn 1953: 1 )

With an 1increase in both quantity and gu&lity of -
individual fossil fragments, 1t becameviapparent that
: . 3

palaeoanthropoiogy' Was entering the beginning stages of

»

an analytlcal and 1nterpretat1ve phase ifhase 2). This 

change wasg'most deflnltely influenced Dby Washburn's
¥ -

1953 publication entitled "The strategy of physical

anthropology"} which stressed rlgor in methodology a#d

presentation., During this period, ‘comparatlve analyses

based on the anatom?kof extant primates were still

-

S { . ,
important. However, a simple description of the fossils/

wag' no longer satisfactory.

: The desire for more information by early .

I3

anthropologlsts,‘t(for example, on the stratigraphy and

~geology oTC spe01f1c-L05811 1oca11t1es) brought an influx

R
P
(/ B \\
"



‘of';scholars from‘ outside palaioanthropology This

~acceptance of" other dlSClpllHES‘ such as palynology,

‘geology,"zoology, and molecular blology COUld be. termedf

~‘the beglnnlngs of a "multl dlsc1p11nary approach to the-'

4'study of early hom1n01ds (Phase 3). - - . e

if fné ,flrst major appllcatlon of this new 'approach

e

_ocourred ‘in l9672fﬁ
lscale. ﬁreld excauatlon 'prOJect in 'the .Omo Valley
hthlopié; ‘»?hls 1nternational field“operation Linvolved
CFrench, ‘kenYan," Amerié&h,* ‘and Ethiopian scholars
(Arambourg et al. 1967, 1969; Howell 1968). |

0 ) Although ,the study iof anatomicale similarities

when F.C. Howell. co- dlrected a larqe—

between fossils and modern representatlves contlnued in’

“the: thlrd phase, a new empha51i‘~was manifest. The

S

’llkeness in morphology between prlmate \sbeletons and-

N

\\ .
fossils fragments led to the belief that\\analogous
s . ~

social’ patterns ‘also existed. "As- a ‘result, Tthgi

™~

e

behaviour of non-human. primates, = as determined by -

“various field stpdies, ‘was used as a modél to provide
some 1n51ght 1nto the behaviour of early hom1n01ds For
lllnstance, - some present models attempt to examine: (1)

fthe‘hévolutlon of ‘a huntlng behav1our (Hill 1982;
¢ &a:\sj, R 3 .
»Washburn ‘and Lancaster 1968) - and (2) the origin of the

e

famlly unltl(Gough 1975, Lovejoy 1981) P

\fxl _ R
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History of colIectibn.9£ fossil hominoids
The most recently discovered facial’ ‘remains

(Andrews and‘Tekkaya 1980% Pilbeam 1982; Pilbeam and

Smith 1981; Wu 1983), and more ' complete postcrania17

evidence  (Pilbeam et al. 1977, 1980) of middle to late

Y . 4

Miocene fossils have shown striking gross morphologiqal

4

‘similarities,. especially in terms of cranial sias\’and

proportions,' to extantvPéngo skeletal material. On the

‘basis - of this. possible anatomical affinity, most

- scholars today -have ‘placed Sivapithecus . (including

Ramapithecus) on a direct ancestral line to the orang-

utan.. The néw evidence, plus a recent re-organization

f\and lire—examfnation of the middle to late Miocene

- '

~ hominoid material, seems to have confirmed . this

affiliation. . A brief synopsis  of this change  in

‘4interpretation follows.

The original discovery of Ramapithecus in India in

- 1932 ‘resulted in the establishment of two separate

'species (Lewid 1934): Ramapithecus brevirostris nd

Ramapithecus harensis. Since most of the preliminary

fihds of Ramapithecus :included only'small jaw fragments

and teeth, the taXonohiC assessment of thése‘fossils was
Bgsed:éolély on dental/ghathic features. Althoughimény'
‘of ﬁhe individual\teéth of the ramapithecines were very
human—like, later discoveries of more .complete jaws

showed a greater similarity to the apes.

i

{

L



This change. 1in opinion egan with the

réconst:qction*of‘a newly discovered ma dibular fragment
from Fort Ternan, Kenya, KNM-FT 45 \(Andrews 1971).

Since the symphyseal _region. was presgrved ‘on this

\
\

specfhen, Walker and Andrews (1973), using mirror imagé

n

replicas, were able to reconstruct the shape of the,

dental .arcade. The results of previous! attempts at
detérhining 'ramabithecine dental arcade shape showed
téndenéies towards thelhbman trait of a more paraboiic
tooth row. In_coﬁtrast ﬁérthése results, wWalker and
Andrews (19;3) fbdhd that their reconstructed jaw ‘had
ape-like parallei tooth.;ows. Later . discoveries fof,
complete Jjaws supported this new interpretation, and
consequently the ofiginal belief?thatbthis genus was&

ancestral to the human line (Lewis 1934, 1937; Simons

!

1977; Simons and Pilbeam 1965) sﬁifté& with the recovery

of Tore middle to late Miocene fggsil remains.

-~

'Before .the“ discovery of the first Ramapithecus .

another Miocene fossil was kngwn from India.> Thig

fossil primate, -investigated by Lydekker (1879), was .

briginally identified as .Paleopithecus . sivalensis.

P

 Today, it is more commonly known as Sivapithecus. This

fossil represented a more robust and larger primate than

Ramapithecus, and therefore most schoﬁars considered

this genus to be a pongid ancestor'(Pilbéam et al. 1977;

Y
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I

Simons and Pilbeam 1965). HOWévéf,f with the shift in,
C 6

interpretation of Ramag}thecus from‘ , homlnld to - a °

pongid ancestor it was suggested that there Were~

affinities between these two f05511 genera (Clochon and
Corruccini 1982, 1983; Greenfleld 1979 ~»Kay.1982 Kay
and Simons 1983; Lipson and Prlbeam 1982: Pickford 1977;

pilbeam 1980;  Pilbeam et al. 1977; Ward and Pilbéam

1983; Wolpoff 1982).

At présent, there are two {ssues under -debate:
regarding the taxonomic and ancestrai‘position of these .

"two fossils.. The first issue deals with whether there~§;

15 a relatlonshlp between Ramaplthecus and Slvaplthecus

Sinbe thevmajor localities of these f03511' dlSCOVereS,
mainly in Indo-Pakistan and.China,' show'-stratlgraphlc
Contemporanelty, then thls may prov1de the geological
ev1dence as to why these two genera mlght be related

In terms of morghologlcal 51m11ar1ty, if the fossil

{

evidence of these two -genera only 1nd1cate( dlfferences

4 4,‘
K !

in size, and not prbportlon, then these two orlglnally

separately classified fossils may have to be‘ comblned‘f

into a single genus . Because tne term Slvaplthecue waa

prdposed originally in 1910 (Pilgrim 1910), .the:rule of
historical priority in the naming of . taxa dlctates 'that~

a single genus c1a551f1catlon would adopt the earller_je

citle (Greenfield 1979; Kay 1982). S

g
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Dif ferences in size between Ramapithecus and

e

Sivapithecus may be an indication of sexual dimorphism,

M)

and thereforé these might represent a single species.
For instance, 1if the two genera éi@ cémbined, then theo
iarger sivapitheqines might be interpreted as  males,
whereas the smaiier ramapithecines may be examples of
females (Wa 19835 Wu and Xu 1985) . Another
“interpretation suggests that 1f the two genera are

distinctive, then each genera would include male and

female variants not yet -identified (Wu and Oxnard 1983a,

1983b).
The second 1issue deals with the problem- of
ancestry. Most scholars be%ieve that these fossils are
« pongid ancestors (géneral references include: 'Ahdrews

,1982; - Andrews and Cronin 1982; Lipson and Pilbeam 1982;
Martin and Andrews 1982; Pilbeam 1983; Wolpoff 1982; Wu

1983) More specifically, Pilbeam et al. (1977) noted

that - the Ramapithecidae (hils term for Ramapithecus and

Sivapithecus:fOssils) were ancestral to Australopithecus
and therefore to'Homo. However this view changed and
Pilbeam (1983, 1984) now sees strong anatomical

similarities Dbetween the Miocene fossils and modern

orang-utans. Andrews and Tekkaya (1980) initially

claimed a strong»RamapithecuSM(inclﬁding Sivapithecus)

relationship to Pongo.



In contrast to both of these interpretations, Kay

(1982) and Kay and Simons  (1983) state that
ramapithecines (including ~ Sivapithecus) share the .
fellowing six characteristics with. early vaustralo—
pithecines: (1) broad mandibulér corpora; (2) thick
enamel led molars; (3) reduced canine size; .(4) reduced
.canine sexual dimorphism; (5) buccolingually broad,
mesibdistally short dpper canines;’ ’and (6) an
enlargement of the P3 metaconid. According to the

authors, these dental/gnathic similarities mean that

ramapithecines = are good cladistic . ancestors for

Australopithecus and Homo. . . o

Structure and function of the mandible \

\

Traditionally, research 'on the mandible has not

been as extensive as studies of: the dentition. Even

! .

with the availability of the mandible as the second most-

common structurf, after the dentition, in the recovery
of fossil remains, research on this bone has been
minimal. 1t was, therefore decided to examine the lower

v

jaw in this thesis research.

The adult primate mandibie is‘a single bone, which
together with the cranium forms tﬁe skull. Tﬁe mandible
is considered the only moveable.bone in the skull with

exception of the auditory ossicles. It is the region



of temporo—mandibdlar articulation between the cranium

and the lower jaw which allows thts movement. The

combination of the flexible ligaments in the

temporomandibular Jjoint and the insertion of particular
muscles on the mandible are the precise-features which
provide the impetus for , jaw movement. Since the
mandible 1s most gignificantly involved with mastication
(or the operation of chewing), a brief description df

the major masticatory muscles is provided.

The muscles of mastication are: the temporalis;

masseter; medial ptéryéoid; and lateral pterYgoid.' The
origin of “the temporalis’muscle is the temporal 1ine,
temporal fossa, and overlying fascia, which often 1in
- .
pongids 1s located along the mid-sagittal position of
the cranium. Tﬁis muséle insefts on the internal
surface »of the coronoid process of the mandible and the
anterior margin of the ascendihg ramus. The function of
the temporalis muscle involves actively pulling the
mandible backwa;d, and thus closiné the Jjaw. Another
muscle which aids 1n the closing of the Jaw 1is the

masseter muscle, . which originates from the zygomatic

arch, and insents oh the external face of the ascending

1
1

ramus.  The 'otﬁgin' of the medial pterygoid muscle 1s

4 edial aspect of the lateral  pterygoid

ﬁoid.bdne, all of which is found at the

]
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base of the cranium. The poiﬁt of insertion of - this
muscle’is the internal surface of the‘gqnial angle. The
only masticatory muscle whose function is openinq the
jaw 1s  the fgteral pterygoidh muscle. This muscle
originates from the lateral asﬁect of the lateral
pterygoid plate of the sphenoid boﬁe. It inserts'into
the neck of the mandibular condyle.

‘The most obvious function Sf the mandible is -as a
bony structure capable of hblding the deciduous ,and
adult sets of teeth. On a bro;der scale, the mandibie,
because of its position as part of the o;al cévity, is
involvéé preéominantly in t,?? overall operation of

mastication. Dpuring any phaQQ‘of chewinag the mandible

functions as a lever by providing antero-posterior and

lateral movements. Minor functions of the mandible are

related to movement involved with facial expreésions and
vocalizations. ,
Structure and function of the mandible are related.

A change 1in a particular structural ‘element of the

mandible, such as the laceration of one of masticatory

muscles, the loss of a condyle. - +he.loss of teeth may
lead to a- Qeviation “from the normal functional
operation. The relationship -between structure and

function arises because of the "plastic"‘nature of the’

primate-mandibular form. (Symons 1951).. Tﬁis plésticity

10
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is a result of: (1) continuous changes in the mandibular

form during ontogeny [growth]; and (2) structural .

alterations which can change the function or cause

dysfunction’ [environment] . In other words, the
mandible, in comparison to any other bone 1in the
skeleton will respond more strongly to structural

changes induced by either growth or environmental

demands (Symons 1951). In order to furlther understand
) | o : )
the . potential effects of the "plastic" nature of the

mandible, specific examples of ontogenetic - -and

environmental factors are-discussed.

3

The most régular ontogenetic change of the mandible.

ocdyrs with 'the loss of teeth during the process of

aging. Jensen and Palling (1954) noted that the }5%5 of
teeth in elderlly humans resulted in an increase in the
size of'the gonial angle. This éhaﬁge, described "as a
flatteTifg of the gonial angle, was dlrectly'affected by
the ex€rtion on the mandible of the masseter and medial
pterygoid muscles.\ Accord1n¢'to Rogers qnd Applebaum
(1941);and Scott (1954) loss of teeth al%o resulted in
a decrease 1n tho size of the coronoid prdco%s
.Envirqnmentall factors such-{as' the ef fects of
trauma, vdlbéase, malocc1u51on, or dletary change might
also alter thc structure of speglflc components of the

mandible, or of the mandible as a whold bone. Examples

11



" of trauma and dietary change follow.
Trauma defined as an injury to the body caused by

shock, would include the laceration of a single muscle

or a group of muscles. The most frequent experiment
using masticatory muscles 1is the removal of the
temporalis muscle. The four studies mentioned herein

(Avis 1959; Boyd et al. 1967; Horowitz and Shapiro 1951;
\.

Wwashburn 1947) generally demonstrated the same_results.w

All of these studies noted that the coronoid process, on
which the temporalis muscle normally inserts,
disappearg? completely or reduced §omewhat in size. The
"loss" of this maﬁdibular element Qas due to resorption
since the coronoid process was well—fopmed before the
removal of the muscle. Avis (1959) and Washburn (1947)

also found-that the nuchal crest decreased in size with

‘ _ se{/ering of the temporalis muscle.- Boyd et al.

(1967) stated that the removal of muscles decreased or
eliminated the amount of blood supply to a particular
region of bore. VConsequently, this bone was incapable

of growing ©r belng maintained due to the - lack of

A
*

nourishment.
Removal of the masseter muscle from its point of

origin on the =zygomatic arch ‘also resulted in a

reductién of bone size (Horowitz and Shapiro 1955) .

This decrcaéc 1n tiﬁ size of the mandible clearly led to

S
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ﬁma}oeclusiop,of the teeth.

Since trauma is, deflned as’ an 1n3ury caused by

h shock, 1t would be approprlate to: 1nclude the removal of

3

bony components‘ as part of . this 1abe1 ‘A study by

;Satnat and Engel (1951)%dem0nstrated the trauma involved

'in  the. removal of a single mandibuiar condyle. The

. results  of: ‘thatr. research  produced ,asymmetrical
T * N c" .
deformities of the mandlble‘ - such as a very short and
W1de ascendlng ramus . Accordlng to these authors, the

]

shfft ‘in the shape of the ramus affected the overall

v

p051tlon oft the mandlble, | whlch clearly led to..

' malocc1u51on. j As -compensatlon for~ the los%) of <the
\,_, .

¢

condyle, thé coron01d process increased in thlckness and "

v

helght . Surprlslngly,. Sarnat ad hngel (1951) noted

that- mandlbular functlon was not seﬁlously lmpalred
Change~ 1n dlet has al\o been used as' a criterion
4

efo% structural alteratlons in the mandlble 4CorrucEini

ande‘Beecher 1982, 1984) . As w1th the precedino

example, prlmates were used as the experimental anlmals

Both ~of these dietary studies showed similar results
& ’ N N

Animals fed on soft diets suffered from more incidences’

-of;@malocclusiond. as well as mandibuiar' and incisal

\ . ¢ v

overjet. Corrucc1n1 and Beecher (1982 J984) believed -
3 .

that § the mastlcatlon ~of soft foods prov1ded little

’ - .n

o -

gstimulus for development, and a€ a result,}tho structure

.13
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of the mandible atrophled Soft diets also led to more

! .

varlablllty in mandlbular ramafl breadths, and 1in the
size of the mandibular condyle:

‘In order to dlscrlmlnate among three pongid species

<

based 'nlon 1n the size of the mandible and of

‘ mandlbular components, it is necessary to show that the

metrlcs ueed assess specxes specific differences and not

N

differences resultlng from trauma, disease, and/pr

dietafy practlces experlenced by lndividuals‘ during

J

ontogeny. If these'influences, as described 1in the

above examplés, .can be controlled for, then any attempt

to separaté the three species usfng mandibular size will
be based on the normal heredltary varlatlon that ex1sts_

Ewithin (for example, sexual dlfferences) and between

(for example, phyloqenetic'diffefences) the gfbups.” In

'other words, factors of growth such as the 1oss of teeth

-ﬂdue to aglng, or env1ronmenta1 factors such as a change

» -

in djet affect individual variation. Therefore, it is

these influences that should not be -part of the

variation which normally defines a particular genus . oOr

Species. If these. factors affectlng the 1nd1v1dua1 can
be accounted for in a,study where groups are being
compared, then the comparison is based on »ghe normal

phylogenetic wvariation ‘which originally separates the

groups.

14
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In this reseafch, ellometric dtfferences between
v "juveniles and adults are "eliminated" by using oniy
adults in the r'statistical énalysié. Environmental .
influences’ are more difficult to‘detect‘becauseeof the
unavailability of particular details regarding each
poﬁgid specimen. For instance, it 1is impossib}e to test
"for malocclusion without the eerresponding maxilla for

each - mandible. “The effects of natutal trauma (not

-

induced by experiments) on pongid lower jaws is also

{
H

‘difficult *to assess becadse of the 1lack of detailed

e

o

Studieé on* this subject.

s

The issucBf dietery _change affecting dettain‘
features of the mandibie is mofeveomplex because of the7
iﬁfluenee tof various: geographical locéiities' for the' '

. collection of tHe primate sbeeimens. - Although the

collectlons catalogue 1ndlcated that most of the -extant
\

o gt 3
T fponglds were. orlglnally from the w11d, there can be no

- confirmation as to the food sources. ° However, it can be

' assume@ that because most of the spec ens wege from t?g/zya\.
g B . ~ ¢ _
w11d these prlmates. would have probably followed: -

“normal" dietary regimes. According to Corruccini énd,
A A ) ) , i .
Beecher (1982, 1984) if the pramate specimens measured

#sggw.'a great degree. of variability in ramal’ breadth

measurement, then . these primates might have consuned

S soft diets.



'SeQUalidimorQQism

i
' W«
. x
. @

1 am confident in the reduction of possible deviant

environmental fagtorS' on the extant pongid specimens

because of their probable habitat in the wild, and hence

the lack of such influences ag’an abnormal soft diet or

) : 4
experimental trauma affecting these primates. I1f

however, such factors were involved, then any deviations

in structure from the norm would have been noted while

taking measurements. None were identified.

In highly sex

imorphic primates, such as orang-

utans and gorillas, males.can weigh up to twice as much

"

as females (Napiel a %\Napier 1967). If there is- an

association between body weights and _ the size of
skeletal compohénté, the jaw for instance, then these
differences in body size should also affect the size of

the mandible.

A comparisbni of male/fémalé‘differeﬁces within a

. single species has been explained in terms of a sexual

selection theory.(Darwin 18719 . This idea proposed that

competition existed between members of one sex (usually

males) for access to the other sex.. Certain dimorphic

features, such as canine size, Or particular behaviours

- X

made male primates more attractive to females and more

-

fearedb/ among other males. The theory of sexual

~
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.societies. ’ ' ..

-t
¢ a
3 . -

@

male/female size variation include: ipgreased frugivory

(Leutenegger and Cheverud 1985), polygyny  (Leutenegger

and Cheverud 1985), and terrestrial habitat on’ epen
L . : < . -

_savanna Tbrook and Gartlan 1966; . Krantz 1982). These

X

‘Uthree factors have been proposed -as ‘contributing to

S

¢

- higher levels of sexual dimorphism in certaln primate

a

As mentioned earlier, the size variatron between

the Miocene hom1n01ds may reflect sexual differences,

.

whereby ‘ Ramaplthecus represents females,l--rand

Slvaplthecus repreSents ‘males. . If this relatidnship'isf

confirmed, then usrng theorles of extant pongld sexual.

‘dimorphism, ‘predictions- of ‘diet and habitat could be

assessed for these Miocene fossils.  Existing seéexual

‘dlfferences in diet of chimpanzees (Galdikas and Teleki
_1981; ‘McGrew 1979) and orang utans (Galdlkas and Telekl
~1981) may demonstrate similar adaptatlons of the W1ocene.

fossils. It would be more dlfflCUlt;tQ -account fer.‘

y

‘certain behaviours such as mating practlces, or -

* : . 8]

compet}tign for .sexual privileges within a. Miocene

fossil societ». C o - o

vHistgry of mandibular research

Interest , in this region of the cranium  probably

A . .

17
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came abouﬁ with dissection of ngn-human primates. These
_dissections led to publications of skeletal degcriptions
(Anderson'19065, as well as details.on the muséulature
of the lower jaw, ThlS basic knowledge on structure was
essent1a1 for understandlng the mastlcatory operatlon in

non—human primates (Hllemae 1984 Hiiemae and Kay 1972,

Jablonski 1981; Kay and Hiiemaeé 1974; Smith 1984; wWard

1974). Similar rgsearch on the chewing mechanism 1in
modern humans has also been studied (Ginqerich 1979;
Hildebrand 1931; Hylander 1975; Simon 1974):

Today, much of the research on the human mandible

deals with ctinical questions. For instance, the

examination ~and surgical - correction of - the

temporoméndibular joint syndrome, defined, as an %mpr6per
positioning of the condyle in thé mandibular fossa, 1s
an important component of dentistry. A;:weli, studies
cohtinually viewv the musClesBiﬁvqlved- in mastication

(Moiler 1966) and the changes’due to the growth of the

“human mandlble In 1977, Ahdefsoh'et al. 'propos%d'an~

extenSLOn of a @rowth stud*P y Sugqestlng that the human
lower Jaw Could Be used in an estimation of age, sex;

and body size of 1nd1v1dua1 chlldren
SpClelC regions of both the human and -primate

Y
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mandible have been of particular interest.- . These_

-anétomical features include: the chin (Mijsbe}q 1930;



L iy
R ’
. } ‘ ' ? woa ”‘0.0 !.- '.“v"ltf- t
Wolff'1984);f the dento-alveolar arch (LavelIe and Fllnn

1972; Owen-1969);” the mandibwlar eondyle‘(Smlth~éE ;1;
L983a, 1983b); the mandibular corpus (Smith 1982, 1983);
the mandibular fossa (Ashton and Zuekerman 1954; ?ipton
71999); theumahdibuldr,eymphysis (Beecher 1977; »Goodﬁaﬁ.
1968);'the mental‘feremen'(Montégu 19p4; Slmonton 1923);
the torus mahdibuleris -(Mayhall 1983); and tﬁe
temboromendibularfjoint (Demee 1984).

, In summary, mQaern human mandibular studies deal
mainly Qith ciinical problems or certain regional
features. Although nen—human primate reSeafCh also
deaie ~with speeific local features, it more commonly
examihes the smuscular structure and funcFion bof‘ the
-mandible (Dechow and Carlson 1982 Dechow et al. 1983;

Franks et al. 1982; Nemeth et al. 1983).

As with Studlﬁf of modern pongid and human lower
jaws, fesearch on fOSSll mandibles also_ began w1th”
descriptibns.‘(Anarews 1971; Leakey 1970; ,Martin"and
Andrews 1984 éimons‘1964- Xe and Lu>™979; iwell 1972).

Once . a mandlble or manleular fragment was discovered,

it . was described - and . compared with living
representatives and other -similar. fossils. This
procedure of analysis was, and still is used for Thuman

and non-human primate fossil material .

Only very recent -interpretative research on -the



fossil mandible has stressed specific regions or
s i

' features. For example, White (1977) and Chamberlain and

Wwood (1985) analyzéd the mandibular cor@us in . Plio-

Pleistocene  hominids;  Picq (1983) looked at  the

temporomandibular joint in mainly Pleistocene. hominids;:

and Benz (1980) and Woippff‘(1975) both published on the

~evolutionary changes in -the early hominid mandible.

Specific . work on fossil Qongid mandibles has only been

recently introduced by Smith (1980).-

In -general, mention of the mandible of fossil

= .

hominids or pongids usually appears 1in the context of a
larger and more detailed "craniofacial analysis". This

type of discourse normally covers topics such as:

 maxi11o—facia1 (Wward and Pilbeam 1983); palato-facial

(Corruccini'_and Henderson 1978; McHenry et al. 1980);

a

and crah;al base studies (Anderson and Popovich 1983).

ﬁygotheseg to be tested

EXTANT PONGID SPECIES CAN BE DISCRIMINATED ON THE BASIS

OF INTERSPECIFIC AND SEXUAL VARIATIONS IN MANDIBULAR
MORPHOLOGY

The primary hypothesis in this research tests the
r

idea that extant pongid jaws can be'distinguished'ihter4

specifically and sexually on the basis of size and

dimension. The general assumption in this research 18

that there are discriminatiomns of size between

20



cﬁimpanqges,_ gorillas, and orang-utans. This
relationship of size in the mandible iS”‘mon clearly
understood by exaﬁining the overall‘body size of. these
primates. A‘comparison of general body size shows that
gorillas are thevlargeét, orang-utans intermediaye, and
chimpanzees the smallest. It‘is assumed that this order
would be maintained with thegﬁeasurement of bodyJ parts,
in this case, the mandible. ﬂ
The effects of experimentally induced soft diets on
the primate mandibular form are.knoyn (Corruccini vand
Beecher 1982, 1984). However a ‘comparison between
dietary regime aﬁd size of the primate mandible has yet
“to demonstratevé’relatiopship. In other words, 1t 1s
diffiéult to relate the mainly folivorous diet of large
mandibular-sized gorilla; to the smaller mandibﬁlar—
sized oraﬁgfutans and chimpanzees which regularily
subsist on fruit.‘ |
Comparison of overall body size shows that male
primé?%é?ére larger than females (Kavanagh 1983;v Napier
and‘fN@pier 19675. As with. the association be tween
genera, this order is thought to be consistent with the
" examination of a pérticular body part. Based on these
assuﬁptions, it is expected that meagurements taken on
:the extant pongid lower jaw willi;efleCt ihtefspécific

and sexual size variation consistent with that variation

demonstrated in a comparison of body size.

21
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A COMPARISON OF THE SIZE OF THE MANDIBLE BETWEEN EXTANT
PONGIDS AND MIOCENE FOSSILS ILLUSTRATES A MORPHOLOGICAL

CLOSENESS TO THE MODERN ORANG-UTAN (PONGO PYGMAEUS)

A secondafy hypothesis to be tested in this study

states that, mandibular measurements taken on Miocene
fossils are statistically related to the same
measurements ~ on vextaqt pohgid lower jaws. More
specificaliy, the mandibular measurements from fossilé
belonging to | Ramapithecus/Sivapithecus cluster

statistically around the same measurements of one of the

three pongids in the control sample. Since many

scholars believe that ramapithecines  and sivapithecines

are ancestral to -‘Pongo, | it is expected that this
statistical clﬁstering wili be the most apparent between
these two éroups, "The underlYing assumption of this
hypothesis is  based on previaus studies which
demonstraté facial aqd dental similagities between these

Miocene fossils and Pongo (Pilbeam 1982).

22



Chapter 2

Materials
" The extant materials analyzed for this study,
included two separate samples of pongid mandibles. The

iarger sample, initially totélling. 185 individuals,

included three genera, Gorilla, Pongo, and Pan. This

sample was further/ﬂdixi?ed' into two subspecies og

/ ;
Gorilla and two sgyspecies\QE\Pongg. Herein, “this group
. - i N /_
of 185 extangfpongid mandibléEXWill be regarded as the
/ \.\\ . B

"data base" /since it provided measurement data necessary

I " .
to predict /the species (and sex) of test mandibles. Two
\
groups ‘of\test mandibles used included a smaller sample

of seven modern pongid jaws, referred to as the "test

. [ .
sample", and 29 mandibular fragments from the Miocene

Epoch, presentiy identified as either Ramapithecus or

Sivapithecus.

The strength of the apparent anatomical associatioﬁ
between these fossils and extant ‘pongids, demonstréted
the need to compare between these two gfousz . Although
a comparison of fossil mandibles to modern hdman ;jaws
was not examingéd, this type of study might have been an
important indicator of any human affinity qf tﬁe'Miocene
fossils. The incldsion of Gorilla and Pan 1in the data

base was essential to broadenthe pongid morphological

23
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comparison. Gorillas and . chimpanzees weg@ not

[ I\ 1

considered descendants of . the Miocene fossils because of

the evidence of molecular data. The molecular phylogeny

based on, but not exclusively”ihc}dding, immunological

and nucleic acid data has indicated that Pongo diverged

from the chimpanzee-gorilla-human lineage about eight to

b
Al

ten million years B.P. (Cronin 1983; Gribbip’and‘CherfaS

1982). This date is generallyconsistent with the date
for the Miocene fossils. As well, Gorilla and Pan are

believéé to have split from the main steh 1eading to
poginids approximately foux to five mlllloh years DB.P.
(Cronin 1983; Gribbin and Cherfas 1?82 ﬁ\

The - major ‘sample of extant\agrlmaﬁe mandibular
measurecment data used 4n this‘theéis?was éollected at

the National Museum of Natural NH{story, Smithsonian
Institution in Washindgton D.C.,  where the largest North

American sample of extant pongid skeletons 1is presently

housed. * Since this collection contained spetimens

obtained gfom the late 1800s up to the.present day, the
collectors and original localities of the skeletal
remains were diverse. This d%versity should indiéate
tha£ the measurements taken .on the sa&ple -of extant
pongid lower Jjaws is likely representative of normal
size variation. | |

Measurementé of all available mandiblesfweré taken

»
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7
over a'njnoldAy period in  February, 1984. A total of
185 jaws  were  studied, but an additional thirty
mandibles, out on loan, could not be dnalyzod. The

14 v
Master Catalogue of Pongidae Skeletons provided by Dr.

Richard Thorington Jr., Curator of Mammals, listed among
s N

othér details, information on taxonomic¢ classification,
Y '
sex, and age for most of. the mandibles.

The Smithsonian Institution collection included

juvenilgs and adults, both of which were measured, even

though Jjuveniles were not included in the statistical
analyses. The age identification approach taken here
—

‘involved the numerical coding of the data base mandibles

into one of five distinct categories (adapted from Shea

1983), with totals of each group given below:

1. Adult Full dentition 141
2 Juvenile S M2-partial ;ruption . 26
3 - Unknown \ - 0
4 Adult~(qu$stionab1e} C, M3 erupting | 14.

-5 Juvenilg>(%;iitionable) M2-fully erdpted 4

s

Numeric codes 4 (questionable adult) and 5 (questionable

L4

juvenile) .represented .my intefﬁretation of transitional

growth stages. These two categories were only used when

the age . information was not available. in the Master

Catalogue of Pongidae/ gkeletons. Since all mandibles




A

could be aged using one of four categories, as  shown
above, it "was found that numeric code 3 (unknown age)
was unnecessary.

‘Due to the relatively large degree of sexual
dimorphism in greeat apes, 1t was important to identify
the sex of each individual mandible. This information
was either written on the bone i;sejf, or listed in the

'

Master Catalogque. Sex was also numerically coded, as

shown beglow. Totals of each group are given.

1 S Male ’ 90
2 ) : female | . . ’ 73
o
3 . Unknown - 10
4 , Male (qﬁestionable) ; . 7
5 O Female {(questionable) 5
Sex codes 4 (questionable male) and 5 (questionable
female) were my interpretation of sex, when this
Ainforﬁation was not available. Sincei tge genera

involved 1in this study were seiﬁélly dimorphic, it was
presumed that sex codesA4 and 5 could be developed,
using considerations for'differences of <canine size,
canine socket size, or general robusticity of the jaw.

t 4

1f the details of sex were not available, then the

-~

mandible was <classified as being of. an unknown sex.

Table 1 illustrates the breakdown of age and sex for
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_"each of the five extant popgid ?{ﬁinﬁ'whiCh'compr}SO tﬁc
;data‘basé; , : S . R

AR

1 . . ; .
As men%ﬁonedueafliQ;,-'a echd ssmaller saMple of
b ’ ' .

/-

. ‘ fx .
seveﬁ'modern pongid mandibles, was- nwasured This Sampije

»
¢

s /kwas taken from three SourQ g

DeDartment of
VAnchOpolooy ;XUnlvarslty of Albebtﬁ ‘ D@ntlstry Museum

Unlver51ty ~of‘ Albefta‘ and thé ZOOngy Museum,

&

University of Caloapy The Depy ptment of Anthf0901ogy

s

.provided ‘th examples of adU T

K,

@\/}‘ ,(ﬂ,on@ n‘k‘al}: QDC

female), - ,as well as an adult mal gﬁﬁ\ mandible. , An

= L L , & :
articulated”*juvenlle Pan 5P Clmen wasS uSeqg from the -

2

,Dentlstry Museum. The - mandibl - from the4§2001ogy

o ' Museums: Unlver51ty of Calgafy orlglnally came from  the
R v :
< Galgary Zoo. These -{ncloded AN &g it female gggglla, an
. ) . .
adult male Pongo, ang a ]uveﬂlle Ban.

Wt Data . collectlon of th?y fossiliR mandibuy ar

< ,
measurements normally’ requlred the. use of ‘gecondary

“

sources. . Measurements of th€ mahdlbles wer(ptaken from

the pubklshed llterature becau?Q of ghe large quantjty

and diverse, '1ocations of the Origiﬁal ang good  cast

¥

vf0551l materla& found throughout N rth - Amerlca and ASla

>

Some information on f05511 mathlal was also~ gathered
tpf@dgh Cofresbondencelwg?h %nqlvldualg ~inv?ﬁtlgat1ng

*  The Pongo specimens were On lQaﬁ £Tom the pepar thent



the Miocene Epoch. Because of the '1arge_ amount of .

variability in the types of fossil méndibular fragmeﬂts
dfscoyered, thére could be no:standard region oﬁ the jaw
which was commonly measured. However; the listing ”of
fossill material wused 1n this‘ study »(Appendix 1)
indicates that thévpostcanine region was quite common.
'hIt_would therefére follow that'measufemenfsﬂin this area
ofvthe jaw would also be quite common.

Fossils classified as either Ramapithecus or

P

sivapithecus, and for“‘which mandibular material ~and -

measurements were { available, were includéd 1in- this

study. The .extensive fossil collections from Lufeng,
China, wére not included because of the inaccessibility
of the necessary measurement data.  The Kenyapithecus

‘wickeri evidence from Fort "ernan, Kenya (KNM-FT 7, KNM-

FT 45) was alse excluded because of their probable - '

dryopithecine - affinities t(Pickfordv 1984, personal

communication). Appendix 1 lists-and describes = the

fossil material used in the project. This,appéhdix also
documents the changes in taxonomic . classification for

_each of the foésils over the past few decades.

Methods
The measurements and non-dimensional observations
i 'S .

An extant pongid mandibles and tbe'measurements taken on
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the Miocene fossils Qsed human anatomical_laﬁdmarks,_and
followed standard - human osteometric . technigues. - A

maximum ofj 34 measurements were con%1dered for ‘'each
‘exfant'bongidmmandib1§ in the data base and each of the
séven  cases ' in the test samplé (Tablé 2:t Figure 1).
Measurements were taken with Mitutdyo. dial calipers
(Model. #505%646) calibrated to 0.02 mm. Three of thé
measdrements (ramhé height, gqnial'angle, ’and ﬁéxiﬁhh
length) - were taken on'—a  "standard" ‘goniomqfér,’ or

mandibular - board.. Four non-metric characteristics

(Table 3) were studied on the extant ﬁonéid samples

L.

only.

Althouoh measurements prov1ded quantltatlve details

on speclflc regional aspects of mandlbular varlatlon,f

photooraphs often better 111ustrated observed features,
such as general shape or @ertaln non- dlmen51ona1 traits.

For »this 'reason, it was dec1ded to take a minimum of

three aspectg (left lateral, occlusal, and posterior) -

for each mandibie in the daté'base. This task resulted

in a catalogue of 635 black and white photographs of the

available pongid ~mandibies in  the Smithsonian

Institution collection.

The technique for th g
of a piece of black velvet for a packdrop, 1its location

dependant upon the aspect of the photoduraph. A 35 mm

hotographs involved the use.

20
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Canon AT-1 camera with a 50 mm lens, without flash, and
" loaded with Kodak Plus-X 125 film,- was attached to a
small tripod. For extra lighting; a single 24-inch

fluorescent tube was placed directly behind the camera.

Since this research emphasizes measurements, it 1s

‘

_appropriate to exXxamine perticula: ’ measurements;
discussihg problems,  sOurces of reduced:'meesurement”

. L% . ;
.precisibm., -and to offer Suggestiens for similar'future
morphometric- >ana1yses.\ Specific meesurements- -are

'

N i . Lo o '
discussed in. five separate categories: use of the

goniometer; COrpus heigbt?andnbreadth‘measurementS\for
; < .
postcanine 'teeth: use of certain 1endmaf45; anterior

measurements, and posterior. measurements

5

The purpose of using a gonlometer was ‘to illustrate

thev shape relatlonshlps between ramus helght,' gonial
angle, and maximum length of . the mandible. These
relationships were very difficult to \assessﬂ,if the
m;ndible was too large te fit properly ?om fhe
goniometer, as was the case with many of both genders/of
o;ang—utam”and gorilia mandibles (Plate 1}. For these
primates; it was often necessary to set the dial
'calipers on the mandibular board at ‘the same angle as

*The phrase "reduced measurement prec151on implies a
reduction in exactness 1in the value of particular.
measurements. The ' term - "error" is not used: in this

context because it implies that the measurement, and its
correspondlng value, are mrong

¢
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Jhe vert1ca1 steel upright in order to measure ramus

yﬁelght correctly Therefore, the degree of prec151on in

thlS ‘goniometer measurement was affected by the size of

the lower Jjaw. =~ In comparison to the- rest of the

measurements, the values for ramus height and maximum

length which were taken on the goniometer were not as
precise because they were only calibrated to the closest

millimeter.

Slnce the vertlcal steel uprlght on a gonlometer is

immobile, it is assumed that the mandlble to be measured *

is symmetrlcal. This ‘assumptlon had - '1mportant

implications because it meant that this component of the

goniometer could not account for either absent or uneven

-cendyles, or absent‘ or uneven gonia. Thevvlack of
symmetrically o:iented'eéndylee or gohia, especially in
_‘chimpanzee‘ and gomilla mandibles, caused'the_bones to
move ‘.1atera11y  while being measured.‘ - This
movement = made it vnecessary to use enly the most

posteriorly positioned condyle for reference in placing

 the jaw on the'goniometer.

As outlined above, the problem of "fit" on the

\

mandibular poard was a major factor 1in reducing

measurement precision. This situation could have been
B} A

remedied with the construcpion o( a larger sized

L , . . ! .
- instrument with a flexible vertical steel upright which
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couid be altered according ‘to.righ£ 'and left side
. separately, 1in order to fit{aéymmetfiéal condyles or
gonia. This type ofvgoniométerAwould be ideal because
it could identify méasuremeﬁt variation between the

sides of the lower jaw, thus pbssibly illdstrating

certain unilateral differences in masticatory operation.

Slight variations of corpus height and 'corbus
brgadth measurements may have beeﬁ a result of limited
ostéometric experience,on the part of fhe ’researcher.
It seemed . that meésurementsbon the left half of the
,mandible‘ were mofe difficult to"take than on tﬁe right

half of the jaw. This difference might have been a

réfi@gtion in the way the bone was held” while taking

&

measurements. More specifically, the balance of the,;

bone,in the hand seemed more awkward with the ‘taking of
left sidé measurements.. . Lack of teeth and broken
alveoli made. it more difficult to estimate the exact

mid—tooth placement of some corpus height ‘and breadth

measurements. Large tooth roots, ¢Specia11y Cin
gorillas, caused alveolar bulging which interfered
with, - and increased the size of, the corpus. The

position ~of the simian shelf and genial tubercles also
interfered with corpus height under P3. This
interference was oObserved as a flattening of the

inferior border in the area of the P3 which - continucd
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postorlorly. The result of‘measuring in this region led -

to inflated corpus heaght measurements (Plate 2). The
location and angle qf the anterior border of thé rémus
in reiation to M3 corpus breadth made this measurement
difficult (Plate 3).

The problems mentioned above merely illustrate

g;(ﬁmohéervations in the meaéurement technique‘ of corpus
RN .

}"height‘ and breadth. Unless the methods of ‘taking
measuremﬁnts in this area of‘the mandible were to be
changed, the influence of such features as genial
tuberclés, 1é¢k of teéth; reduced alyeoli, fénd sim1an
‘shelt prOjeCtlon must be considered. : .

¢ The use, of 1andmarks 1s an effective and standard

+ approach 1in osteometry. . . Montagu (1960:48) defined

gnaﬁhién as, "the middle point.on the lerr border of
_the mandible" .and gonion as, "the most lateral external
- point of junctionlof-the horizontal'and ascending rami
of the 1oWer,jaw". In this study the appllcatlon of the
gonion énd. gnaﬁhiqn was. questioned, ~because these
définitions iwere 'subjéctive_‘and in the case of the
, , y

‘gonion, ‘did  not account for the effects of muscle
. markings. Hence, these landmarks were difficult to

klocate @recisely. |
In‘contrast to Montégu's definition of these human

¢

landmarks, Duerst (1926; as referred to by von den
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Driesch (1976)) suggested that the position of- the
gonion in animals such as suid, bovids, and equids be
divided into at least twg anatomical landmarks: gonion

N

caudale and gonion ventrale. The former term was
i
defined as "the most aboral [5ostérior] point of the
mandible", and the latter terﬁ definéd as "the most
" basal point of the mandible" (von den Driesch 1976:53).
These two "new" landmarks are leés subjective than the
placement »gf the single gonial anglé because they each
.have their own reliable reference point. 1In the case of

the gonion caudale, its ' position 1is located on a

horizontal plane directly behind the most posterior

point on the third molar, at the level of the alveolar

boné. The position of the gonion ventrale is determined

by measuringA an exact.vertical line from the highest.

point on the coronoid. process.- The location of a gonial

‘angle “proper" could be assessed more precisely by
finding the exact mid-point of -these  two - "new"
landmarks. :

Although Montagu’'s definitions were used for the

measurement of bigonial breadth and symphysis height, it

might be suggested that more precise definitions,
espeéially* with regards to the gonial landmark proposed
originally Dby Duerst (1926), Dbe considered for _future

morphometric studies of pongids. -
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Anterior measurements were taken in the symphyscal
region. Sihce some lower jaws were cut at the mid-line,
symphysis measuremehtsjwere difficult to take. In orang-
utans, the simian shelf often exhibited a large, single
genial tubercle which hindered the measurement of the
sympﬁysis breadth. Since, pongid mandibles have a
charact;ristically large, flatténed gimian shelf, which
increased symphysis breadth, it was considered

appropriate to take two breadth measurements in this

region. The first measurement was taken parallel to the |

external surface of the symphysis (SymBE) and the second

was taken 'parallel to_.the 1internal surface "of the
symphysis (symBI) . ' : |

‘The large sjze and véried shape of gorilla
mandibles often éreated problems in such posterior
measurements'a;wramus height, minimum ramus width, énd
bigonial breadth. Ramus helth was dlfflcult to measure
because of the almost 90 deaﬂee gonlal angle in gorilla
_jaQs (Plate 4). This vertical L—Shape Of’ the gonial
‘angle meant that the location of -a stﬁaight line
meas%rement_ frdﬁ the highéSt point on ;he condyle to
inferior border was not staﬁdardizéd, As mentioned
previously,  the large size of gorilla mandibles “in

‘relation tc the small goniometer made the ramus height

measurement hard to assess precisely. Since many
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gorilla mandibles had a strongly convex-shaped anterior

border of the ramus, the exact placement of the minimum
. W)

ramus width measurement also varied. Bigonial
. . ,

measurements were strongly influenced by the shapc and

amount of gonial flaring in all three ~pongid genera,

|
especially gorillas.

Reduced precision for two non-metric posteripr
observations was also considered. First, the general

shape of the gonion, as presently defined, could be

surveyed {rom the posterior aspect in terms of either

the particular angle or the complete ramus (Plate 5).
Examination of the precise gonial angle tended to make
the observed inversion or eversion of this region more
severe; a\ ;trongly inverted gonial angle would probably
be affected by a heavy mediél:pterygoid muscle, whereas
the masseter musclé, which inserts on the external
surface of the gonion would have an influence on the
eversion of this area of the Jaw. If the gonial angle

was viewed as part of the whole ramal structure, then

any dnversion or eversion caused by ‘the effects of

muscles of this region would have appeared less '

definite. Second, the position of the M3 in relation to
the anterior border of the ramus, when viewed laterally,
was entirely dependant upon the level at which the

researcher was examining the specimen.
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The above discussion illustrates possible sources

of imprecision by a single observer, yet there are also
difficulties in the use of cther researchers’
techniques. Although . measurements were based on

standardized anatomical landmarks based on the human

mandible, variation in the names of these measurement

variables occurred. For instance, the terms "breadth"
and "height" could be synonymous with "thickness" and
"length", or "depth" respectively. A misunderstanding

of these terms might result in ‘imprecise measurement
values. ) ’

A more serious problem was the different way 1in
which measurements were taken by various researchers.
Thi-s difficulty, known as "experimenter error" Codld
only be resolved if a single person _ took all
measurements. Since this 1is ﬁsually fmpossible, it is
necessary to understand that this type of error may
always affect one’s results. The generél assumptidn in
the comparative use of standard anatomical landmarks is
that they will reduce, but not elimina;e, the amoﬁnt of

"experimenter error".

Statistical applications 7

The numeric analysis of the Smithsonian Institution

collection of 185 ‘lower Jjaws involved using the
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Statistical Package for the Social Sciences, Version X
’

(1983) . This SPSSX package was‘selected'because of its

regular application in anthropological research and

because it contained the required procedures for the

-

analysis of the data. Four procedures were used: plot,
discrimindnt analysis, condescriptive, and breakdown.

According to van Vark (1984), classification of unknown

specimens, on the basis of morphology, can be detarmined
N q‘g

using either a visual comparison or following a

multivariate statistical approach. In this, research

.

both methods (visual and multivariate) were empioyed,

and were recognized under the 1labels ‘"plot" and
"discriminant analysis", respectively. The two -other
procedures, "condescriptive" and "breakdown", were used

in the computation of descriptive statistics for the

-data Dbase. A discussion of the four SPSSX procedures,

as well as brief comments on ratios, follows. Each of

these topics is examined in terms of why they are used,

‘and what general information they provide.

DESCRIPTIVE STATISTICS

The procedure’ known as ‘"breakdown" was an

appropriate technique because it calculated descriptive

~statistics from the measurement information in the data

base in terms of certain sub-groupings (for example,

~
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male Pongo pygmaeus pygmaeus). Before this technique
was run, the sub-groups had to be defined. The initial
separation of the data base was using the  taxonomic

classification of species. The next required level of

separation was due to sexually dimorphic differences in

the size of the jaws. Since the variation in size was

also important between adults and juveniles, these two
\ %%

age‘ categories were mutually exclusive. Hence, the

data Dbase of 185 mandibles was bfoken:down by species,

sex, and / age. Descriptive statistics could be

calculated for any combination of these three sub-

groups.

Similar results for the calculation of descriptive

statistics were obtained using the procedure known as’

"condescriptive". This approach was used in conjunction

with the breakdown procedure since it provided a greater

variety of déscriptive statist:cs includind‘
minimum/maximum values, and ranges of measurement
values.
RATIOS

Although the breakdown and condescriptive

procedures analyzed the pdhgid data base variation using
single measurements, these procedures were not capable

of determining relationships  between variables. The
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ét;dy of a relationship between two measurements
constitutes the use of an jndex. Bass (1971:55) defined
an index as, "the ratio of the‘width to the length of an
object®. The single index used in this study was the
mandibular corpus shape, which compared corpus breadth
with corpgs height, and was calculated as follows

“(Kay 1982)

100 X M1-M2 Height
M1-M2 Breadth

PLOT

A vispal iﬁterpretation of the descriptive
statistics‘(more specifically, the range of measurement
values), was illustrated by a graphics procedure called
‘wplot". The results of this approach provided 34

separate two-dimensional graphs, that is’, one graph for

each measurement variable.  Three sets of graphs were

plotted, where each set accounted for a distinct agé

group: adults only, 3uveniles only, - and a series of
™

coMbination plots including measurement values for both

adult: and juveniles.  Only the adult graphs were used

for comparison to the test mandibles.

* A discussion of this ratio algoféﬁﬁéared in Kay and
Simons (1983). . ' B : ‘

———
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The format of the graphs 1s shown in Flgure 2, and

w -

’expla;ned as - follows. . The' horlzontal, or X axis

8 -

represents the range .of measurement qvalues . for a

spec1f1c varlable.ﬂ The vertlcal or Y axis- 1dent1f1es

the five tyoes of prlﬁates in the data base. Thus, each‘

graph ‘illustrates the rangg of values for a single

measurement variable betweehn rthe five, pongid groups.

"The. range of values for any ‘particﬁlar species 1is
: Ll

s

further broken down by sex ("1" for males, 2" for

fémaié%).‘ Note that, in Figurej2 the range of " sexual"

T
¥

‘Qafiation has been051mplified from a serieé of "1's" and
"2's" to a single line with elther the 1etter "m" or the

letter "f" denoting sex. Therefore, these graphs

ffunctlon as visual ."keys" not only- show1ng the extent 6f

varlatlon of . one measurement varlable between  groups,

“

but also prov1dlng comparlson between the sexes within-

A
ki)

groups.

" The graphs produced by. plot were used ‘in the
following ‘way. A measureMeht‘vaLue from 2 mandible

belonging _either to a case in the test sample of seven

modern lower 'jaws or a mandibular = fragment from the

-

Miocene 'Epoch, was locatetl visually on the horizontal

~axis of the graph'with the . corresponding ‘measurement

variable. A line from this measurement v&lue point on' -

the horizontal axis was run verticallyfthrough each of

>
*
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“the fivé‘extanp pongid ranges. Whenever this vertical

line, representing a specific measurement value, crossed
. VAR

within the range of one or more of the five groups, its

position within the group was noted. - In the case of
some -measurement variables, the two = 'sex ranges
' overlapped in an extant pongid group. This region of

iptersection between the sexes wds  known as thq

male/feméle range, and was designated by an‘asteriSk‘in

vsubseqUent‘ tables. . The:efofe, " for any of "~ the five

w

‘groups, a singié ‘value might fall within one of the

follbwing'vth;ee sex categories - male (M); Théle/female
(*); or gémale (F). -
-'Using the plot approach, a prediction of species

(and sex) for each of the mandibles in the test sample,

or Miocene'mandibular fragments was based on the *total"

number of times a measurement value crossed within the

morphological boundaries of the;gxtanﬁ pongids for that

measurement variable. fhe more often a case from the

test sample,” or Miocene mandibular fragment fell within

a paf£iqular group (eraﬂparticular sex category), the

more corfident the prediction was.

+

DISCRIMINANT ANATYSIS
The -mu.tivariate statiszical method used in this

study was Giscriminant ana.ysis. This technique

@
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examined the differences between two or more ‘groups

while considering several variables simultaneously.

Although for t#is research, five extant pongids were

'identified as groups, it mlght have been p0551b1e to -

combine the Bornean and Sumatran orang—utans and the

highland. mountain and lowland gorillas into  their

’

respective species. An assumption. in discrjminant

analysis-states that there is within—-group homogeneity.

_since these two groups of pongids were originally -

separatedv at  the. subspecies"glevelj because - of
geographlcal, physical,’ and colour modifications,
(Napler akd Napler 1967) it was felt that if they were
combined, there would a loss of this homogeneity.

In this thesis, variables Were identifiea as the 34

»

measurements. The ability of this multivariate

.technrque to include all 34 mandibular 'measurements
together wase4known' as éhe "airect approach" to
discriminant analysisr An alternative to this approach
c2vas to determine which of the 34 measurement varzables
5rovided.~the strongest discrimination between the five
gronps. Although this option wonld decrease the nunber
of measurement variabies to a more manageable size,
there was no guarantee that the top dlscrlmlnators would

correspond w1th those measurement variables available

for the fossils.
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Discriminant analysis is based on the wuse 'of

‘defined this function as, "the linear combination of the

original variablés which maximize the distance between

v
Pt

- 4 Fisher’'s (1936) linear function. Campbell (1984:179) .

the population means, rekgtive to the within—pqpulations

variation*.  In this study, the above phrase "original

variables" “was represented by 34  measurements, and a
"popuLa%ion" referred more spécifically to each of the
five extant pongid groups. Now, Campbell's guote could

v

be., altered to state that  the iintegration of 34

N . ' . . ‘ .
measurement variables was primarily used to define the

range of morphological variation in each of the five

types of primates while explaLnihg'sepafation between

these "groups.
The algbrithm
represented as

11 2 2 ‘ .nn
Z =A X 4+ AX + ..... +AX +K

3

where 7 is the discriminant score for each group, A 1is
the . classification coefficient for. . a- particular
measurement variable, X is the corresponding measurement

value, and K is a constant value which is assessed. for

“each group.

Each classification coefficient represents the

relative contribution of its associated measurement

'

for discriminant analysis i 1is
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variable to a particular pongid group. Since there were
five groups, 'eaph containing 34 measurement-variables,
one linear- discriminant analysis pfoduced 170 (34
measurement; multiplied by _5 .groups) classification
éoefficients. |
Bs noted in the algorithm, discriminant analysis
also calculated a cbns;ant value for each oflthe five
pongid groups. Kachigan (1982118) generally defined a
gonstant as, "the invariable charaé;eristics of objects
which~differentié£e one class of objects from another".
-More ispecifiéally, the_ constant computed during the
”discriminant 'analysis . procedure repfesented a humeric
. value which, 4n combination with the classification
coefficients precisely definéd any of the fiJé extant

pongid groups.

Classification and prediction are the . two main |

PALES

, G
functions of discriminant analysis (Brown 1984; Klecka

1975, 1980). For both of these functions of
diéc;iminant analysis, 'only those mandiblés in the data
’basé identified as male or female.adult, or male or
female questionable adult were used. I shall refer to

classification as the test for internal consistency, and

prediction as the test for external '~ consistency. An.

4 2

explanation of these two functions follows.
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Classification: the test for internal consistency'

It was unreasonable to attémpt to predict the

taxonomic and sexual affiliations of unknown mandibular

specimens using the data base for comparison until the

classification of the mandibles in- the data base ‘were

examined. In other words,’how were the jaws 1in the data

¢ - - » I3 ' .
base classified if examined on the basis of measurement

comparison with each other? The solution to ~this

guestion; involved running the discriminant analysis

_ program twice, once for males and once for females, in

order to determine the percentage of mandibles in the
data base that were accurately sexed and 'taxonomiqally

grouped. The results are presented in Chapter 3.

Prediction: the test for external.consistency.

The prediction of an_unknown,méndibular specimen to
a particular = extant ' pongid group involved the

calculation of Fisher’s classification, coefficients for

“only those measurement variables available for each case

in the test sample, or for a single Miocene mandibular

fragment. For example, if three measurements were

obtained for an unknown mandibular specimen, then

Fisher s classification coefficients were computed for

]

only those three variables. Coefficients and a constant
were calibrated for ali, of the five extant pongid

" *

G
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groups. The coefficients were then multiplied by their

respective raw measurement Vvalues for the unknown

specimen. These new values'(classification coefficient”

11

multiplied by measurement value (or A X )) were added

together with the constant value for the Cerespohding
group, thus producing five'di;criminant scores. Each
discriminant score was -unique for each extaht pongid
group. Once these scores were compared, the largest
discriminant - score ‘reprééented the predicted group
membership for the unknown mandibular spécimen.

The sample of 185 modern pongid mandibles from the

SmithSonién. Institutidn was considered initially as the

»priméry data base from which all <calculations and

predictions were derived. 'However, ~as the following .

discussion illustrates, certain groups were eliminated

from this total. For example, all juvenile mandibles,

totalling 24 and including those 'classified as

questionable juveniles, were excluded from the analysis

to prevent skewing of the measuremént values. Since 22

of the mandibles could not be sexed . accurately, these

individuals were excluded from the analysis. Therefore,
the primary data base included 139 mandibles (77 males;
62 females).

A further reduction in the sample size occurred as

i

a sresult of the discriminant analysis procedure which
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eliminated cases with missing values. Thirty-three
percent, or 55 ‘out of the 139 cases, were excluded

because of the 1limiting restrictions of the SPSSX

program to deal with missing' values. Hence, the final

sample size vconsistedvof 84 mandib&es (46 males; 38
females). '~ Although +this small but "pure" sample was
used, there was an alternative.

The alternative _ involved the-caléulation of the
average (or mean) fof each of‘the missing measuremént
variableé,: kéeping the pongid groups énd male-female
classification’ distinct. These averages were then
substituted for the missing measurement values in each
of the 55 cases. Since £his option would increase the
sample size from 84 to 139, it "altered" the.data by
removing ahy efror caused by the missing values. In
_other words, cases which might normally be excluded‘from
.the, stuay because of their missing values, would

seemingly fit into the normal range of variation with

the use of this option. Therefore, the decision ' of
which alternitive to use was between a small ‘"pure"
sample or a large "altered" sample with fitted averages.
It was decided to use the unaltered "pure" sample as the
daté base. Consideration was also given to the fact

that the range of mandibular variation in the data base

would be used against measurements of Miocene fossils

g
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datiNg approximately ten million years ago. An altered

data bise might increase error in this application.
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Chapter 3

Results
| i i ‘ i | k
The purpose of this chapter 1s to present . a

discuss the results of the statistical analyses. Since

‘each. of the three samples in this study are used for

different reasons (for explanation, see page 23), the

kY
—

results afe ‘organized according to these groups.
Discussion of the statistical analyses fof each of the
three groups 1S examined in terms of the féllowing
categories: descriptive ) statistics; plot; and
discriminant analysis. . Because of the small sizes of
the test sample and the Miocene fossils, descriptive
statistics are not calculated{ and therefore are not

discussed for these two groups. Most of the results

referred to are presented in tabular form and should be '

consulted regularly fhroughout the reading of this

chapter.

Smithsonian Institution data base

Descriptive statistics were calculated for this
large data base in order to illustrate the range of
morphologlcal variation of mandibular measurements. The
variation was examlned in terms of metric measurements,

non-metric observations, and ratios.
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DESCRIPTIVE STATISTICS

__ A. Measurements

\\\\§Meag*yalues and standard deviations. were calculated
for ‘each \gf‘\the 34 measurements (Tabie 4). Tyése
univariate statistics ~were determined separately for
‘males (Table 4.1) and females (Tabie 4.2). A comparison
of these average values in Table 4 provides detailsv on
the morphological variability of extant vpongid

. . C i o |
mandibles. This variability 1is interpreted on three

levels: interspecific, subspecific, and sexual.

Ipterspecific cbmparisons ,
’ This level of vari;tion referred to ﬁye average
measurement diffeTences. between the fiVe groups of
extant pongids. One - way‘of examining intérspecific
variation would involve the_difect comparison ofhaverage
measurement values ‘listed in Tables 4.1;and 4.2 between
the five extant poﬁgid groups.. Since it would Dbe
necessary to consider each variéble and both sexes

separately, this approach would require 68 distinct

interpretations (34 variables multiplied by>2 sexes) .

Consequently, this tecﬁﬁique would be tedious, and not

particularly informative because relationships among

"variables could not be assessed. Therefore 1t was
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decided to examine interspecific variation by using
another method.
. o . ..
This alternative technique was based on how the
mean values, for a single measurement variable and one

particular sex, RANKED between e?cgdéfithe five extant
pqngid groups. By examining‘thek%}qking position of
'subspeéies for a 'single variable, it would be possible
to N reiationships between variables with simila
rafking orders. For instance, comparing tHe f]
average measurement values for the variable "bicondylar
- width", the ranking order of the male extant péng{és in

the data bAse, listed from highest average té lowest

average, were: Gorilla gorilla beringei, Gop{ila gorilla

e

ygmaeus abelli,

Pongo

gorilla, Pongo pygmaeus pygmaeus,

and Pan troglodytes. If the variafle "maximum length"

R}

also had the same ranking der, then it 'would‘ be

feasible to consider a relationship between the length

and width of the dible in the five pongid groups. {

Befo;g//interpreting the results, it was necessary
to,deférminé the ranking order, from highest to lowest
Amean value, fqr each of the 34 measufeménﬁ variablés.

<

As ‘with the calculation of univariate statistics where

the sexes were recOghized "separately, this ranking

procedure identified males and females distinctly. .

Consequently, the ranking order for each of thes 34

B
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variables was considered twice, once for males,, and once
for fewmales. The ranking of this total,of 68 variables

could be summarized into 12 distinctive ranking orders.

These 12 rankings, plus their frequency of ogcurrence

for both males and females are listed }n Tablé 5% The -

discussion on interspecific comparisons was based
entirély on the information listed in Table 5. " For
details on exact mean values, Tabies 4.1 and 4.2 should
be consulted. .

Using body size, it has been observed that gorillas
are the 1argest,' orang—uﬁans are intermediate; and
chimpanzees are the § smallest pongids. The NORM or
expected trend in this size-based comparative analysis
of these pongids was that gorillas would have the
largest mandibular measurement values and chimpanzees
the smallest. 'Orang-utan average mandibular measurement
values were therefore located between the measurement
values> of Pan and Gorilla. This “expectat;on" showed
for = the meas;rements of bdth male and female pongid

mandibles.

According to Table 5, 19 measurement variables.

taken on the data base of male pongid “jaws and 12
. ¥
measurements taken en the daé! base of female pongid

jaws followed this NORM. In only. six measurement

variables did the hréhést average values not belong to
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one of the two gorilla subspecies. These' variables
~were: foramen mentalia width in males (Table. 5,‘.vi);
symphysis height in females (Table 5, wviii); gonial
angle measurements (male and female) (Table 5, ix, Xx);
left M2 height in females (Table‘S, xi); and right M3

breadth in males (Table 5, xii). Pongo. pygmaeus

%g?maeus had the highest values for the measgremeﬁt of
fﬁ%amen mentalia widfh and symphysi% height; whereae
~~PONgo - pygmaeus abe11i  had the alérgesf measurement
averages for the left M2 height. ané the - right M3
breadth. The gonial angle measurements were the largest
in Pan. |
| In‘ the four measurement variables 1in wHich orang-
utans had the largest mean values, one of the gorilla
subspecies always had the seconQ}highest mean‘ value.
The difference between the first ana second means were:
1.29 -mm - foramen mentalia width; 6.14 mm - symphysis
height; 0.35 mm - left MZ height; Q.14umm - right M3
breadth. Since theseoquantities were small, an inc:ease
in the number of measured jawg might have illustrated
better the expected trend towards the largest mandibles
e;isting in gorillas.
The fact that ggﬁﬁhad both of the ‘Eargest gonial
angle averages prpbably reflects true ’interspecific

differences in the measurement of this mandibular region



/
of. extant pongids. This observation will be examinéd
; o, ‘ A

more closely later. . The remainder of 'this ,Section
deals w1th variations 1n the ranking orders  from .th
expected or -NORMal trend. ‘ L T r

.The“ firstm variation from the NORM. occurred as a

)

55

resultdofha switching of positions #2 and #3; that 1is,

betweenf the a@allest of the gorilla subspecies (Gorilla

gerilla ‘gorilla) and the largest of the orang-utan

D . 5,

: subspecies.(Pongo pygmaeus pygmaeus). Ten 'measurement

o X

,variables taken on male pongid jaws and two measuremenn

- f

6’3,
Yariables taken' on female*gengid jaws conformed to this

ranking order\ﬂTable 5, 1i).

© e -

. h 14 {\
« Of - the ten variablés for male pongids, nine were

. k,’ ‘{ ]
poStcaniné éorpus height measurements " The only height
measurement not . included was the left M2. 1In this casey

BOTH Pongﬁ pygmaeus pygmaeus and Pongo pygmaeus' abelli

average yalues' (39 96 mm and 35 75 mm, respecthely)

[

were’ larger than the mean value for Gorillé gorilla

' gorilfa (35. 63 mm)._ Although the dlfference rF the mean

: , b
gorilla and the Sumatran orang utan was only 0. 12 mm,

3 o

4;33 .M, separated the gorllla and Pongo pyqmaeus

pygmacus.  The small differencefbetween‘_the’ average

b

,‘value‘ of the 1eft«M2 corpus height b tWeen the lowland

values.:of " Gorilla gorilla“gorilla and Pongg.~ngmaeus

¥ ' N

.

abellif'50.12‘mm)°wasvnot sionificant; . The ragking of

f
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the left M2 medsured 'in males did not correspond exactly

to the other nine corpus height variables because of the

'slightly hlghﬁr mean value in Pongo ' pygmaeus abelli
'(Table 5§@§111) with anlinCrease in sample size, this
variable would most 1ikely follow the trend of the other
‘nrne;postcandne'corpus heights.,

As . noted above, nine of the tenh measurement
varlables taken on male pongid jaws were corpus height
measurements.‘ The tenthl“variable, alsolkaf height
measurehent,fwas symphysis height. ”Tne large symphysis
fmeasurement in orang-utans was probably related to the
mean values for nine of tne ten corpus heights' k This
assoc1atlon béﬁween a large symphy51s helght and large
corpus height mlght 1nd1cate a need for structural
balance during the:prOCefs of mastication;

The two. measurement variables taken'\on female

pongid “jaws were also postcanine' corpus height

measurements (left P3 and rlght P3). Since»therevwere a

total of ten postcanlne corpus helght measurements, the

ranking order of the/other elght shoufd be: examined.

!

As with the, left M2 height in males, the mean

measurement corpus helght values for the left P4, ‘right

p4, left ™Ml, and right Ml were greater in BOTH Pongo

pygmaeus pygmaeus and Pongo pygmaeus abelll'as cOmparedﬁ’

to the average values for Gorilla gorilla gorilla'(Table_
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5, iii). 'Now, six of the ten corpus height measurements

on female pongid jaws have‘beenlaccounted'for. Three of

the remaining Pour height measurements also had gfeater‘

averages . between the two subspecies of Pongo when
. ' ’

compafed to the meénvvalges for Gorilla gorilla gorilla.

However, the ranking order of these three corpus height
measurements were separate because the order of Pongo

" pygmaeus pygmaeus and Pongo pygmaeus abelli was reversed

(Table 5, v).
The fourth - and 1last of the ‘corpus height

measurements, left M2, had the following mean value

ranking order: Pongo pygmaeus abelli, Gorilla gorilla

beringei, Pongo pygmaeus pygmaeus', Gorilla gorilla

gorilla, Pan troglodytes (Table 5, xi). This order

might represent inter- and sub- specific variation, but,

because of the consistency in the other postcanine

Mrccments, it would p be more probable to suspect

in measuring technique. This suspicion can be
Strengthened because, - as noted earlier, the corpus
measu;ements'taken on the left side of the mandible were

more awkward to measure.

~ |

In ‘summqr#, the mean values of all‘twenty corpus

height measuréments were larger in the two subspecies
| . -
|

| compared to the smaller of ~+ the gorilla
! ‘ ' .

subspecies, Gorilla gorilla gorilla. In other words,

of Pongo  if

|
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the corpus height region in orang-utan mandibles was
larger than the same area in the lowland gorilla. In
addition, the ranking order of only four of these’twenty

measurements on female jaws (corpus;heights,of the right

M2, 1eft‘M%,‘right M3, and left M3) were larger in Pongo

ng%gggg abelli than in Pongo pygmaeus pygmaeus (Table
5, v, 'Xi)- ‘ | ‘
The second most common ranking order from the NORM

occurred with: a re-arrangegment of the Pongo subspécies.
b N ‘ & :

Pongo pygmgeus ngméehs,’ normally the larger of the two

subspecies), had average measurement values LOWER than

4
o

théSev of Pongo pygmaeus abelli. This order never
abe =

occurred -in male pongids, ghough it appeared 1in the
ﬁegsuremeht of female pdngid'ﬂaws#eight times (Table 5,
A1) . The measurements.involved were: bicdndylar width,
m‘maxiﬁum 1ength) right ramus height,  left  and right

-

g%ronoid process height, and three corpus 'breadth
Qériables.’ ‘ |

TWentyjnine of the 34 measurement Variables had
ranking orders in which the mean-vaers of the two
1;ubspeéies of female Pongo were no£‘sepa£ated by any of

the other three - groups. Of these 29, 11 (including the

eight variables counted here) listed the mean values of

Pongd pygmaeus abelli first. This 1ikene$s in the mean

values of 29 measurement ‘variables taken on'ﬁgﬁa;evPongo

o .
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pygmaeus‘pyghans and Pongo pygmaeus abelli demonstrates

a similarity in size.  If these mean values were not
. I3

significantly different then, this 4imilarity might have

provided jﬁstification in combining these two separate

subspecies into one. f
The lfourth most common rankihé order from the,Nomﬁ
included only two measurement vari;hles: bigonial width
in male pongids, and the internal %easurement of the
' / -

symphysis pbreadth in female pongids (Table 5, 1v). The

inclusion of Dboth of these varlables dld not eeem to
. R qz 2

B g

o

éver, that of

indicate any”clear trend It was noted éd

!
the four symphysis breadth measurements (externalq and

R m" o

internal, male and female) only the internal manne; of{
taking this measurement on female pongids dld not follow‘;:‘
the expected trend of size order. Since the 1nterna1-f§?1
manner of measufihg the symphysis breadth did not
conform to the NORMal ranking order, its use pight' be
guestioned.

The sixth and seventh ranking orders ocCurred$ in
the measurement of the foramen mentalia w1dth (Table 5,
vi,. vii). ' §;1ther ~of these ranking orders were

consistent  with the normal trend of Gorilla 'gorillé

beringei having the largest sized mandibular feature.;
The variability between these two ranking orders might’

represent true interspecific and sexual distinctions of



:;g;ﬁf

the five pongids. However, because of closeness of the
average measurement values, a more likely interpretation
would be‘that thendifférences in the ranking orders were
"a reflection of a small sample size. .An increése in
sample siie might either «correct or confirm this
Qariability.

The ninth and tenth ranking orders were significant
because the largest average was found in the smallest
sized primaﬁe (Table 5, 1ix, X). The extreme obtuse
values for gonial angle in male and female Egg was
observed while originally measuring ;he bones. .In Comas
(1960), the degreé of variation inAthe pongid gonial
angle rahged from 95 degrees to 118 degrees. THis range

seems consistent with the results herein.

Subspecific comparisons

Comparisons at this level occurred between either

Pongo pygmaeus pygmaeus and‘PongS pygméeus abelli or

between Gorilla gofilla" gorilla.-and Gorilla gorilla

beringei. The normal trend in body ~ size comparison

demonstrated that Pongo pygmaeus pygmaeué and Gorilla

gorilla beringei were the largest of their respective

genera. This trend seemed to be. apparent in the
comparison of mandibular size. Within Pongo, 32 of a

total of 34 measurement variables taken_on males were

LT
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consistently larger in Pongo pygmaeus pygmaeus.
Measurements taken on female orang—utans-did not show
this trend as strongly, since only 22 of the 34

measurement variables were larger in Pongo pygmaeus

pygmaeus.

Differences between the +two ,gorilla subspecies
showed exactly the same trend for both sexes. Normally,

Gorilla gorilla béringei ~Was the\larger of the two

_ subspecies. 0f 34 measurement variables only two,
foramen mentalia width and gonial angle, were larger in

Gorilla gOrillaﬂgorilla.

Sexual comparisons

Examination of the mandibles for each species and
each sex showed a definite trend for male pbngid jaws to
be 'la;ger than female pongid jaws. This trend was
confirmed by, comparing the average vélues for each
measurement betweén the sexes, and within each of the
five pongid groups. Only nine of th%“fjg'(34 variables

multiplied by five groups) measurement Variables were

larger in the female pongids. Fiv§;‘§f these -nine

~j2naib1e: ébnial

adth, legt M3

variables -occurred in the chimpanzee
angle, right ramus height, left M2 br
breadth, -and right M3 height. It was not surprising to

find large mean values in the female chimpanzee
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mandibles, pecause of the similarity in jaw size to the
male Egg.k%andible. Wwith the likeness in Jjaw size
between tﬁ%imale andlfemale chimpanzees, it would be
expectedﬁthat a comparable reiationship would exist with
OVeralllbody size.proportions.
Three of the remalnlng four measurement variables
-

which had larger values in females as compared ‘to males

were in Gorilla gorilla beringei. These variables were:

symphysis breadth (external), leéft M2 breadth, and right
M2 heighﬁ | The: differehces of the male measurements to
the female values in two of these varlables was eiight:
0.36 mm - symphysis breadth external; 0.71 mm - left M2
breadth. However, the difference between the male and

A Pui:

female measurement va;"‘for the right M2 height was

7.97 mm. This extreme ifference was probably due to
difficulty 1in measufing, since such variation did not
occur elsewhere.

The fourth and last measurement variable with a L]

higher female than male value was the measuremeht of the

bigonial width in Pongo pygmaeus abelli. Thevdifferehce
of 5.78 mm may have also been due to inaccuracies of

measuring. The 1arger standard deviation for males, as
* /_,/‘\
well as the small sample size, should be noted. - o

~

| . - e



B. Non-metric observations

Frequencies, with conversion into percentages, were.
calculated for each of the four ndn-dimensionaf
observations (Table 6.1 (males) and 6.2 (females)). As
with the metric data, both adults and questionable

adults were included in the computation of non-metric

¢ .
observéglons. Because of the lack ™ of non~metric

characteristics in Miocene mandibular fragments, these

features were not of significant value in this ' research
at this time. The discussion is organized in‘terms of;:
th? ﬁosition of the M3; goniél-anglef ahd the number'of
mental foramina (right and left sides).

' Two potential problems with the data in Tables 6.1
and 6.2 were: ‘(1) the small sample size, and therefore
lack of noticeabie trends between the groups; ‘and  (2)
the subjectivity of somé‘of the variabies. '

- The second problem could have been solved in two
manners. The first approach would require being ﬁore
general 1in the-alternétives chosen for each variable.
For example, the number of alternétives for "the
position of the M3 in relation to the anterior border of
the ramus"” might be changed fromvseven to oniy four
degrees ' (anterior to Dborder; covered 1/2; covered

totally; and not available). A second approach would

consider only using the presence or absence of specific
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traits. In the case of the variable, "M3 positibn in
relation to the anterior border®, presence would infer a
complete view of thé M3 anterior to the ramué: and
absence woula imply that the M3 was hidden pehind the
ramus. |

The manner in which the variable, "position of the
M3" was observed was also~téo" subjective since the
height at which the handible was examined would vary for
each individual specimen. The lack of standardization

in the form of the gonial angle also led to problems of

subjectivity (see page 36 for discussion).

i. Position‘gg the M3

“The position of the M3 for the five groups showed a
slight tendency towardslthis tooth being totally visible
or partially covered (defined as 1/2 or 1/4), by the
anterior border of the ramus. This obggrvation’was true
for both mafe and'femalevpongids.
;, The variabié, "third molar position"'did not show
any iméortant distinctions between the five groups sgpce
the sample sizes were too small to prec;sely,assess‘;he
most common position of the third mqlar.ﬂ For inﬁtance,

the . inclusion of the six unavailable individual Pongo

pygmaeus pygmaeus lower jaws might have better indicated

the highest frequency.
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The "position of the M3 in relation to the anterior
border of the ramus" was distinctive in male gorilla

mandibles. Sixty-two percent and 64% of the molars were

anterior in Gorilla gorilla gorilla and Gorillafgorilla

- ‘ ‘ ]
beringei, respectively. These high value percentages
were definitely related to the extreme verticglity of

/

the anterior bqorder of the ramué. . /

The "position of the M3 in relation to th% anterior
border of the ramus" in female gorillas was net as clear
as that described for males. This increasedﬁvariability
between subspecies, of fhe 1ocation.of the M3 relited to
the anterior border of the ramus might be a 1indication

of measuring subjectivity or, a true (functional?)

difference distinguishing the sexes.

11. Gonial angle

It was hypothesized that the highest frequency of

gonial shape would be "straight". Inversion or eversion

of this area might be indicative of muscle attachment
requirements. . For instaﬁce, heavy chewing muscles such
as the temporalis have a large surface area, and with
'frequent and powerful use in certain pongids cause the
region of'muscular origin to develég a bony crest. = If
one masticatory muscle can have such an effect on the

bony structure, then it would be reasonable to examine
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the effects of other powerful chewing muscles.
As mentioned in Fhapter 1, the gbnial,region is an

area where two of the four major masticatory  muscles

insert, the masseter (on the external.surface), and the,

medial pterygoid (on the internal surface). If these

two muscles were constantly being exercised, then these

attachment regions might need greater surface areas and -

increased rugosity to hold muscular strands.

The high percentage of eversion at the gonion in

male Gorilla gorilla beringei (63.6%) as compared to
Pongo (10;7%) or Pan (30.0%) might illustrate the
strength of‘ highly powerful masseter muscles. The
seemingly verticaa %anterior bordér of the ramus, in
gorillas could be related functionally to the strong
everted gonia, as a necessary requirement for gtablé and
" balanced masticatory operation.

Group va;iation in the shape of the gonial angle
mighﬁ not have shown as clearly in Tables 6.1 and 6.2

because of the lack of substantial difference in the

definition of terms. For example, 60.7% of male Pongo

pygmaeus pygmaeus mandibles were identified as having a -

straight gonial angle shape, whereas 57.1% of male Pongo

pygmaeus abelli mandibles in$icated slight inversion.s

How does the term "straight" differ from the term

"slight inVersion"?
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It was interesting to note that the highest
frequency of gonial angle shape in both male and female

Gorilla gorilla gorilla mandibles was straight; whefeas

the highest frequency in male and female Gorilla garilla

beringei mandibles was identified as a slightly everted
gonial shape. Although these differences might have
represented inaccuracies in ‘term definitions, they
probably indicated true variation reflecting specific
functional muscular requirements.

" Sexual differences ofxthe gonial angle shapé did
not appear overly strong in any of the five extant

pongid groups.

iii. Number of mental foramina ) g ~
Based on human comparison, it. was thought éﬁég} a

: : Y

single mental foramen,. one fqr each‘side, would bé thé
most common téndency in exiant pongids. Although one
foramen 1in pongids was very éommon in this . research,
Simonton (1923) found that multiple»foramina, definéd as

two or three, occurred in 39% of orang¥utans, '15% in

chimpanzees, and 27% in gorillas.
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) . 66.6 (4) - 63.7 (7) 83.4 (5)

3
llsted iﬁ» the above' table show . some

to data prov1ded by Slmonton (1923). Direct

". z‘1-

“was dlffloult because of the few numbers of

id mﬁhdlbleS» W1th he; characterlstlc ise"\s of

vxamlnln? the above table, it.can be notgihthat

5 W. ¥ ‘ : . 3 g w,ﬂl
"he‘%e st frequent number of multiple gtal ® -
imohton (1923).  Although tffe.

pefcentaQe"of "multlﬁle A£¢§amina in the - two
i e .

b

o
tralt in Pongo pygmaeus

subspepies' of orang- u%@n vary, *the frequency of this

m:eus was cloge Eo ‘the 51ngle

PR el : ,ﬁ

value of 39% proposed ’y .Slmonton (1923) 1t was

Q H

awkward to oompare the gorfila values in the table above

to those established by Simonton (1923) because of the

o
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Jrange df values extenalng from 9. 5% to 100 0% Yet, 1if

‘,domlnant foramen Voo ",'u S “

' ‘mental fdramlna.}n females..' R SR

w

—
s

the percentages “are averaged out for Goriltla ' gorilla

-

¢ . ' /

gorilla (27%) * -this value equatés the = percentage
su{gested by Sifonton (1923) . S .

< One mental foramen was usually the” most common'.in

four of the flve extant pongld groups (both seXes) The

1 )

exceptlon’ - wasq Gorllla gorllla ; berlngel Q Whlch

¥

.con51stently appeared to have more than a- 81ng1e 'mentaly

)

»_fbramen.r Slngle and double mental foramlna were easy to

< R ¥

'1dentify Trlple (usually in a trlangular formatlon) and

more* than trlplet 1mp11ed a group with 'nom apparentlyV
. . N "\\

Subspec1f1ca11y, Gorllla gorllla berlnger stood ogg%

from qOrllla gorllla gorllla 1n terms of hav1ng‘.more'

/

' multiple mental foramlna. I ~]allwr multlplev ‘mentalt,

.

. foramina are qunctlonal, as transporters of,“senséry

W

< > Mo ‘»,\

nerves,- then ‘a 1arger 51ze3'primate' (Gbrilla gor111a

beringei) w1th a blg jaw would requlre more forahlna

r ’ - &

-There was. more’ JCODSlSteDCY in the frequency of
SN ’ 1 4
K C.
numbers of multlple mental foramlna between the sexes

tﬁén subspec1f1ca11y . Thls observatlon was espec1a11y

L true whén the percentage of multlple mental foramlna

4

/_(two or three) were comblned (see tabfe above) It was

interestiﬁc to ‘note the greater frequency -of multlple o

@

o
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C. Ratios

* As mentioned in Chapter 2, the single ratio tested

was . the mandibular corpus shape. According to Kay
* -

(1982) , if the index value was.equal to or less‘ than

160, the msndibular corpus shape was 'defined as

~sha1io&/broad. ‘If “oﬁ the othef hand, the index value

was greeté% than 160, the mandib&e had a deep/narrow’
’

y corpus shape. Table 7 lists the tndek values determined

s

1 : . :
i from the pongid data base, -as well.as those - indices

pubiished’, by Kay (1982). "Before considering » the

51gn1f1cance of these results, three” ‘important

dlstlnctlons between the“measurement technique of Kay
<« and of the approach taken herein must be mentiora’

First, as noted in the equetion (see page’ the

5 \
"height and breadth measurements were examined at the

mid-point = between the Ml and M2. Thls was the method,-.

used = by - Kay (1982). In this = study, " the cotpus
V\measurements were 'taken at the mid-point of ch

postcanine tooth. ";hefefore,k ‘height and breadth

measurements for both the first ,and second molars had to
.be. USedV © Note that in Table 7, columns 1 and 3 prov1de
the mean indices for the“flrst molars,,whereas columns 2--

‘and 4 1lSt the mean 1ndex values for the second molars.

-

:*”The results in Kay: (1982) were also publlshed
-~ in Kay and Simons .(1983): ‘ A :
. SO R

€

- . N
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In order/to compare these results with Kay (1982), the .

' two indeL values, one for Ml and one for M2, had to be

(Y

£

added together and then averaged. The average .values

(indicated in the brackets in Table 7) were tuenv

“ o : v »
‘con51dered equivalent for comparison with the  indices

produced by Kay {1982)

Second, Kay (1982) made no. mentiou of wlether the

measurements ‘'he used were con51stentu? taken on ne
"'\&

RS

égpartlcular side of the lower jaw. Because this res7Erch

measured the rlght and left sides separately,

. four

i o9
ratios (ultimately reduced to twos because they!' were
averaged§ were caiculated for every group (see Table 7).

Third, Kay (1982) did not examine subspecific or

sexual variation in his extant pongid sample. = The
W . '

absence ot any consideration of\ sex differences meant

that the average index values produced by Kay (1982)

. - :
must be compared to the indices for- both males and
\ .

females. In the case of Pongo or Gorilla . comparisons,

B

-

¢

index values for both eubSpecies must also be examined--

As indicated, .direct comparison of my-results with
‘ .

RR

organizational ifgerenceq.'-4However,bthree comparisons
are dlscui!ed ;“ ‘”;?' R
vag a . -

ol ‘ :
(1) " The 51ngle most 1mportant similarity between

n

the‘two Sets of results was that Pongo con51stent1y “*had’

Kay (1982) was rather. difficult mainly because ~of
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deep/narrow mandibular corpus shapes.

(‘; ' v
the largest mean index values. All pongids, 6 with the
exception of female gorillas, had indices larger than
160, .and therefore could be characterized as. having

<

- (2) since the indices for the two subspecies of

Gorilla varied from 147.4 to 184.0, it was impossiblé to

compare these values to.the single averagde 6f 179

. :

determined by Kay (1982). . Note that the range produced
’ . &,

by Kay (1982) had minimum and maximum values of 150 to

204,' respectively. Although this range was not exactly

the same as the results herein, the great distance.

between .minimum and maximum values probably indicated

that botﬁ malés and females were measured..
&

(3) The mean index values fqngan troglodytes were

less than those determined by Kay (1982).. = There seemed
to be more consistency in the values‘produced in this
study' (minimum - 171.4; ‘maximum - 177.6) than compared

to the range (165-199) listed by Kay (1982).

A comparison of the interspecific variation in the

yaverage ratios between the left and right half of extaht

pongid mandibles indicated that ratios onltheileft side
of thé jaw were greater than those on the right. side.

THe single .exception to this observation ' occurred in

female Gorilla gorilla beringei mandibles. It is .

possible that unilateral mastication might strengthen

»
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one ‘side of the jaw, and thus/have an effect on bony

N4

-devefopment. This idea could be tested by examininé the
mandlbnlar Ccorpus shape along all postcanlne teeth, in@ﬁ

prder to establlsh whether there truly is variation.

between the shape of jaw sides.

Further’ dlscu551on of the results in Table 7 1is

“

primarily organlzeﬂ accordlng to the side on which the
r
measurement is taken. As before, the average values in

the brackets are the basis for analysis. The results of
the. ratios measured on the‘left half of the Jjaw are

. - {ix )
examined firsta;¢ Later dlscourse deals Wlth the right

side results. o ﬁhl
Interspecific differences in the ratios between the

five pongid  groups confirmed the consistency  in

mandibular measgrements‘ of Pongo, the similarity‘ in

likeness' of mandibular measuremehts of Pan, ‘and <the

]

B 1a?ge degree of variabilityfﬁrin the mandibular

measurements of Gorilla.

More detailed subspecific comparisdn of Pongo
showed that female orang-utans had 1arger"mandibular
corpus shape ;ndlces than, their male counterparts. The

small degree of difference between the ratlos of female

pongo might justify the combination of these two grbups.

Since the amount of variatidﬁ between male orang-utans.

‘was greater, there would be more hesitation intjoining
. ) ! s ' P




Tt

W

the subspecies in this case.

The expected trend of males having greater ratios

occurred in both subspecies of gorillas.  However, it

was normally thought that Gorilla gorilla beringei would

have the largest ratio because it had the greatesi sized

-

mandible. This was'ﬂef true in the case of the females.
At present, there is no explanation for this. The
greater distange in the ratios between m%&es énd females
in gorillas probably eonfirmed the higher amount of
overall sexuel dimoﬁ%hism‘in body size.

The lack of strdhg differences in thé value of the
ratios of Pan- 1nd1cated a 51m11ar1ty in t?ls' mandibular
morphological feature between males and ﬁgmales. It was
'apparent on the basis of thlS»lnterpretatlon as yell as
anayysis of the’ other “measurements, and non-metric
observetions, that Pan was - the least sexually dimorphic
pongid.

The . ratios ‘determined for the right side of the
mandible followed precisely the:results‘and“discussion
on the ratiosvofuthe 1eft side. In other words, female
Pongo ratios were greater than.their male counterparts.
The ratios of Pan wereuvery siﬁilar to each other, “thus
‘confirmiﬁg tﬁe 1eck of sexual dimorphisﬁ in the mapdible
of this é&imate. The ogly“difference betweenvthe4right

"and left side analysis occurred in the female " Gorilla.
Lo 3 N

s :

<A -
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The right side ratio in female Gorilla gorilla beringei

was greater than in Gorilla gorilla gorilla.

Summary

Analysis of measurements, non-metric observations,

Nl

and the mandibular corpus shape. ratio suppqtt thge

followiné summary statéements on the variation of ‘extant

ngid mandibles: ‘ :
‘ariflas nad' the-larqest sized mandibles, = then
’Q¢U£ans, and flnally, chimpanzees.

' i °
(2) Gorllla gorllla berlngel and Pongo pygmaeus pygmaeus

were thé 1argest of theln'respectlve genera. 

i > N

(3) -“Males - usually had the largest sized jaw in . all- of

the five pongid‘groups; This was strongly apparent in.
hid hY

the more highly sexuié}y dlmorphlc great apes, vsuch as
,gorlllas{ ' and rorang utans.‘_ Chlmpanzees which were
chara¢terized as being less sexually d;morppic did not
# exhibit great: morphoiogical variation in the‘,size or

dimensions of the mandible between,males-and females,

]

(4) vIn cases. of mandlbular measurement varlables ‘where
any one of the above explanatlons did not seem true,
problems ‘,of small 'sample size or difficulties in

measuring may have been involved.

AN N
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lgﬁ plnp01nted*»
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PLOT |

The plot technique provided graphic illustrations

of the genus, subspecies, and sexual levels of

uariation. However, in ~contrast to the® descriptive

statistics, this method used ‘individual measurement

values 1instéad of averages ' Ind1v1dua1 measurement

IS

values were mdre'
these valuestwi eLmeasmrement varlable could
USLng a ky »example of the plot output (Figure

genus,@sﬁbspec1es, and sexual varlatlon are brlefly

§
B !

described. ‘_Genus Varlatlon is detalled Qéj_flrst In

Flgureﬁ 2} the range of blcondylar w1dth measurement‘
values in Pan were located c1®ser to. the 1eft %ﬁde of |
. the graphr ~and therefore nearer to the low end of the

"*'measurement scale: The same varlable for‘the 1arger

-

Gorilla was 1ocated at the rlght 51de of the graph thus

v

e .
vlndlcatlng 1arger measurement values. ‘ Slmply stated

“also apparent in the exaﬂgnatlon of. sexual differences‘

‘the “gize of, a spec1f1c measurement variable‘-on the

mandib}e“_seemed tor reflect the overall size of the
. B L e .
- o

primate. This same type of interpretation was possible

" for subspeC1es com,parlson. R L

ThlS rlght/left and large/small g¥lationship was
. - .

L H'*-\va g’\y«
within a slngle extant popg;djgr‘me”

For ekample, the

145"
i

S
Ry

'ant because the dlstrlbutlon of'

76
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range. of male measurements were often positioned toward
the right side of the gra@h;'whereas female measurements
wegé generally vlocated nearer the left side of the
graph.

Closer examination of the sexual differences
between subspecies revealed a sexually dimorphic trend.
In highly sexually dimorphic pgngids (gorillas and
orang-utans), there was little to no overlap of the
sexes 1in a particular subspecies of the measurement
valués‘for a single variable. However, in chimpanzees
which were much less sexually dimorphic primates, many
of 'the measurement values oveflapped between both sexes.
This overlapping, also identified as a lack of strong
maie/femalé differences 1in measurement values for the

same variable in Pan was noted in Figure 2.

DISCR_IMINANT ANALYSIS
4 . As explained 1in Chapter 2, the discriminant
analysis procedure was used ultimately as a multivariate

statistical technique to predict the taxonomic

classification of unknown mandibles. However, before

»

' “the mandibles in the data base were ‘uqed for
. - ‘ ¥

giedictions, the test for internal consistency or

"classification" had to be tested. This required two

“tests. for internal consistency, one for 46 males, and a

S
F N AR HCE 12
R

5 ald
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seqong,for 38 females.
The outcome&@@f both tests resulted in a 100%
accuracy in-the c1a551f1catlon of groups and sex. This

meant that the test for internal consistency confirmed

the sex, and taxonomie grouping of every one of the 46
male e&%md 38 female pongid mandibles _ originally
:nrldenéigéed by ‘the Smithsonian Institution. | With this
%Pfrrmatlon, there should be . confidence in the

dppllcatlon of the measurements of the pongid mandibles
'i% the data base to the taxon and sex’ predibtion of
unknown lower ;aws:ﬁaﬁﬁnternal consistency for aée was
also confirmed 'since all known juveniles in the data
base were already excluded. The results of testlng
external consistency (us1ng the data base to predlct the
taxon and sex of unknown m;ndﬁbges)ais discussed in the

context of the two”sections'.dealing with the test

samplee.

Test sample - U. of Calgary; U. of Alberta

R

Descriptive statistics were not calculated for this
test sample because of the Small size of the group.

However, .as the function of A is sample was to test the

external consistency of plot and discriminant analfags

appioaches, the results of both .techhiques are

-

discussed. , o

*, | B m@ -

-

78



PLOT

The exact procedure used in the plot technique is
described in Chapter 2, and is not reviewed here. The
results of the plot approach for this test sample are
listed in Table 8. The values in Table 8 represent the
total number 'of times measurement values for a
particular test case fit within the morphological range
of any of the five extant pongid groups. For each
group, a value could belong to a male (M), maie/female
(*), or female (F) category.

With the exception of Case Number 5, .there was no
clear trend of taxon and sex prediction in any of the

other seven test cases (Table 8). This situation will

be understood more clearly with the following brief

remarks on each of the individuél test cases.

Case Number 1 was not markedly ‘recognized as a
female éorilla, because not only Adid most' of the
measurement values fit into the male/female range, but,

a large number of the values were spread between: three

-of the group (Ponﬁp pygmaeus pygmaeus, Pongo pygmaeus

abelli, and Gorilla gorilla gprilla).

Case Numbers 2 and 7, both juveniles, did not show
any trend toward a® certain taxoﬁ or sex. The reason for
this was because of a lack of enough measured juvenile

mangdibles as part of the data base.
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Case Number 3 seemed to be accurately predicted as
a male. However it was difficult to Judge whether it was
an orang-utan or a gorilla, because of the large
guantity of ﬁeasugement vqlﬁes which fell in the raﬁge
of both genera. Case Number 4, a male’'Pan, consistently
fit within the range'of ggg,‘although not necessarily in
the male range.  Case Number 5, known to be femaie‘
29299: seemed to f;t comfortably into the morphological

range of the femaléfPongo pygmaeus pygmaeus. Case

Number 6 showed strong tendencies toward the
morphological range of the male orang-utan, yet 15

measurement values fell- within the range of the two

i
i

‘ s \ o
An apparent problem in this approach was the 1arge\

subspecies of male gorillas.

numbér of variables which fit within the male/female (*ji

range. This problem was noted by the sizeable number of
values in the column labelled with the asterisk.
Although this difficdlty was found in all five of the

extant pongid groups, 1t was not strongly manifest in

Gorilla gorilla beringei because of the small number of
a :
values frém ‘the test cases which fit in the range of

this pongid. Clearly, the information in- this table

. demonstrated that there was insufficient separation in

-

_the morphology of the mandible between male and female;

hominoids. A lack of differentiation was also evident

. 2 X
. .
| . &
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between the five groups. Both of these problems may
have been remedied partiaiiy with a substantial increase
in th< number of measureéblé mandibles in the data base,
thereby leading to a better definition of the normal

’

range of pongid mandibular morphological variation.

- DISCRIMINANT ANALYSIS

As with the plot method, discriminant analysis was

described in Chapter 2 (see pages 42-49) and not be

repeated here. "If the sex of an unknown case in the

test sample was known, then the calculation of the

Doy

_ - _
discriminant score was based on this " known sex. "In

other words, a jaw belonging to a male orang-utan, would

calculate a diséfiminant score based on the 46 adult
male mandibles‘ from the Smlthsonlan Institution data

base.  The sex of flve of the case% 1n ﬁ?egtest samplé

were known., Vf»”;ﬂ o ~ %, g R

& . '.n - S Lo .
"‘i ’ PN :\ ks "
3

LN
In the other‘twd‘Cases, the sek AE the gaw was’
unknown. ThlS' fact was not. surprlslnq 51nce thése two

cases (Nos. 2 and 7) were’ Juvenlles. In the 1nstance ofd

“ v

an unknown’ sex,‘_both male (based on 46 mandlbles) .Endi

. .
[N

female (based ibn. 38 mandlbles) " sets ' of Flsher s,i

c1a551f1catlon coefch1ents were used ZHence,‘two_sets~’

¢l

of linear functlons'w e determlned

The result of the dlscrlmlnant ana1y51s procedure

¥ L]

Y %
g
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correctly predicted the species membership in four ‘dht*'{'

of the seven cases. Three of the tests cases. (Nos "1,

3, and 5) were not assessed correctly, “and these;

problem cases are dealt with below. g

L b

Case Number 3, which was a male orang—ut%h was i ;.

predicted to be a male gorilla. The calculations‘were,

reviewed three tlmes, resulting in no changes in ‘the~ﬁ

final assessment. A p0551b1e explanation for this flnaf
‘predtction was‘ that Case Number 3 had a very large
mandible which fell within the size range of: a hale"
gorilla. This idea may be substantlated by‘ examlnlng

- the plotted results of this individual in Table 8. This

lower jaw fitted W1th1n the range of a male Gorilla

gorilla gorilla a total of 15 times. 'Therefore, these

measurements ) probably skewed th‘ﬁ obtcome of the

e v

discriminant ana1y51s t0wa§h the 1arger’male gorllla.

Case Number 1, a female gorllla, and Case Number 5,

-a female orang- utan. were a}so cla551f1ed 1ncorréct1y'*

The former was predlcted to flt ore W1th1n the range of

Pongo and the 1atter“ fltted more in the range of‘

Gorilla. These cases were tested tw1ce, result;ng in
- . )( . Ve

the saime Zbredictlon. :, Acbcrdlng,. o the plot' this
N R .
. © b ; .
prediction was, surpr1£.‘iyi since- there was no obvious

trend toward‘¢he preg ”Qreup. - T%%‘eibpehf'ih these

“ <

cases, there must® been aq,‘external"influencing
2

o

d oy



factor.” | PR
- One- ,1nterpretatlon is that ﬁhe . procedure
\dlscrlmlnant analy51s dld not work for these two cases

If the statlstlcal procedure 1s at fault, it may have-
' N . ’ \\ * .

‘been' a result of the low tolerance lewel of the LtM3H

—
,

(left third molar corpus helghtl, 'LtMBBk (left third -
'molar corpus .breadthl, andrRtM3B éright third molar
corpus breadth) measurements which removed them from the.
ana1y51s. With a decrease in the tolerance level from

\ ¥ N

_the normal level of 0. 001 to 0. 00001 two of these
. a >
measurement varlables (LtM3H LtM3B) were forced  back
R ' . B ' :
into the analysis. However, the RtM3B variable was not

bentered because of 1ts extremely small tolerance level.
Further 1hcrease ‘was not cons1dered because of the rlsk'
of /computatlonal 1naccurac1es in the calculatlon of"a
dlscrlmlnant score. |

Exclusion of - the three problemwvariables altered -

the predlctlon of Case Number l, whlch as-a result was

‘correctly 1dent1f1ed as a female Gor111a ~Since the

prediction" for Case Number 5 dld not‘ change, ' another .

‘factor must be. 1nvolved ‘ ) ) -

&
b2

*The SPSSX User 's Guwide (1983:632) defined tolerance as
the ‘"proportion of 1its within-groups variance not
~‘accounted for by ‘other variables in the analysis".
Klecka (1980:57) stated that "the tolerance for a
variable not ‘yet selected is one. minus ' the squared
multiple correlation between the wvariable and all
variables already entered, when the . correlations are
based on the w1th1n -groups correlatlon matrix".




../‘
4

Case Number 5, a female orang—utan,.waSVmeasured‘at

the ‘DepartMent'of'AhthropologX. -University of Alberta.

‘The“»prev1ous habitat - of this” p\ngld was - unknown
However, rf it spent most of 1ts llfei espec1a11y durrng
ontogeny, at a zoo, then certaln structural changes 1n”
the Q mandible could develop. . For 1nstance, . the
consumption. of soﬁtv fooas ;cOuld» sliéhtly | modlfy
o mandrbular\estructure compared to w11d prlmates whlch.'
'subsist on hard d1ets\\Corrucc1n1 .and ‘Beecher 1982;

1984)., As well, this pongld may have suffered from

certain skeletal' deflclenc1es as a’ fesult of 1ack of
exercise, or the 1nf1uence of parasites. These factors
of capt1v1ty mlght have altered the normal structure o:

the mandlble, therefore affecting the @1assification/og:/“

this specimen. ‘ A A

MioCeneofossil hominoid sample | .
| As mentioned previously,f Appendix i:describes the
Miocene fossils used in thlS research Thls appendlx
1nc1udes the numerous taxonomlc clas51f1catlons for each
f05511 plus a serles of measurements (1n mrlllmeters)
inciuded‘ in’ thls-study " Due to the smali number and
1arger varlety of measurement Varlables for each fOSSll

\it. was 1mposs1b1e to calculate descrlptlve statistics

for this group- However, the results Of'a comoarison

!
i
1

. L
\ . '
)
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between = the ratios of ‘éfvap;thecds indicus and
ST | ' .

Si&apithecusf'siValénsis ‘éeVéloped by'Kéyl.(i9§2) _are

compared to ratios of five individual ‘Miocene fosgsil

vffagments. (Téble' 9). 'As~we11, ’the esults of ,plbt‘

-~ (Table 10) ‘and discriminant énalysis able 11) are
R ,

examined. Tablé? 12 is’ a sumr™sy of the taxonomic

predictions .using both the  plof
- . : J e

" analysis approécheS'f?r;the 29

table also 'lists— tHe percentage of .cases 'which are’
° 5 C : ;€ .

correctly ’claSsifi’d, for the available measurement

variables.

'RATIOS = -

.Since \Kéy (k2§?) determined the mandibular ‘corpus -

p
eaft h

shape ratio foy tko'sets of(fossils, it was decided to-

~.

. ~
~use- some ‘'of

/

a cdmpatisoﬁ- (ﬁablé 9). Kay 61982)'“was‘ clearly -

k)

cdnfidengd,of piS'classificatioh of Sivapithecus ‘indicus

1

and . Sivapithecu$ sivalensis " fossils because of his

"

calculation of the7manQibular corpus shape ratios within

~£hese"tw6"grbups with no:méntion-of,which fossils were

‘\:',5 T . . .
Included tn e1$her group.. Because of the fragmentary

'nature .of the‘EOSSil tecord, it would -have been  more

. appfopriaté\\apd'mbre_preciSe'to“determine the ratio on
_the basis of singfé\ipdividual fragments.

;- . :

(.

and .discriminant’

yocene fossils. This -

the [individual specimens from this-study as
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s cla551f1catlon,i-r

o slvalen51s ": . _;ﬂ - v'” . e', ggg@l

#

f‘tHe 1ﬂd1v1dual ’fOSSll specxmens—were greater than the~t

" 298 and YPM 13811 were most‘ necently cla531f1ed ”as ;:”,'

Generally;ytjmewalues calibrated in. thfs study for

.\ 4,! ,‘f

1vap1thecus 51Va1en51s (seé\Appendlx l) The ratlo of:

‘

o

L two 51ngle group ratlos de%ermrned by Kaf\(1982) GSI Dh

greatly exceeded the calculated ratlo for 1ts respect1ve>'

‘ a ‘ e "LH- I . , \J..

The remalnlng three f0551ls (GSP 11706

.

if "ity~is con51dered ' Sl'v'aplthleczéf:3

GSP 13165,M.~

. and ‘ONGC V 790)'were all class1fled most ‘recently 'as

: debeloped

-

Slvaplthecus 1nd1cus T The ratlos calculated fpr these

f0851ls dld not flt 1nto the mean ratlo proposed by Kayd

-

(1982) for thlS group "TJ QT' p‘ rf v: u&l;jf

.q,__

b ‘

VgIt - is suggested that more 1nd1v1dua1 fossils 'be‘

H

examined vin' terms ”of' thls ratlo in order‘;for; thls

.v been llsted 1n Table 10

”‘f the three Bex. groups (male (M)

technique, to become valuable 1 Once other _rat;os rég

_used to demonstrate close taxonomlc afflllatlons.

PLOT e T R

;

o .

51m11ar1tres 1n ratlo values could also bef"

: The predlctlon results u51ng the plot approach have;h

Calculatlon of totars for each

v

‘ male/female~(*); and'*

th flrst spe01men (GSI D 298) fits.most ciosely wrth.be

-f(fmtit ' proper“ taxonomlc group | However, YPM 13811_'w'

o

X \;-;/‘,'.' - <.




‘measurement varlables avallable for. each foss;l.' Before

"dcontendlng ‘Wlth the plot 'results,a Athree »1mportant g

’concerns are dlscussed These are_llsted'below.w

.

,(1)' Occas1ona11y, "some“ orf the measurement
: varlables, espec1a11y corpus helght and breadth dld not

make reference to 'ther partlcular 51de on Wthh a

c_measurement was taken :? The $ide was not dlfflcult

'fdetermlne 1faon1y ?ragmented segments of the f05511 3aw;

Jwere avallable . However, in the 'case of -completej

-

- mandlbles L (for'j example,,f,'cse.f 4622/4857 - GSp
.aj9564/9905/9901/9977,5 and GSp 15000), it was 1mpos51b1e'

"v_to assess whlch 51de aﬁspec1f1c measurement came from

o o
On that aCCOUnt, both 51des have to: be con51dered 'in the

Jcomputatlon of plot and dlscrlmlnant ana1y51s

(2 Another‘ compllcatlon "1nvolved " mandibulay

measurement varlables whlch had two or more values. The

"dlfference between the two™ values ranged from 0.5 mm to‘

[3

b3 7 mm for publlcatlons by the same senlor author, and

“0.4f mm to 1.8 mm for publlcatlons : between different‘

gsenlor authors ThlS varlatlon was accounted for since

a11 of the values were tested u51ng the plot method

P Y s

(3) 4A flnal concern dealt w1th the problem,‘of.
measurement variableS; Wthh did not fall within theﬂ

range; of any of the flve extant pongld groups These

PR PR I : R S

B ﬁfemale (F )) was not deemed valuable because of " the few



it

varlables were 1dent1f1ed by a blank space under all of

. \
the extant pongld group columns 1n Table 10 and ‘were

checked as to why they might not fall within the range

determlned in this research for the Smlthsonian

Instltutlon data base. The result of these checks showed

that. many -of these "problem measurement values" were

originally idesoribed in ‘different terms from that

.

proposed in this study,- -The‘superscript numbers beside

each of these values ’in‘ Table 10 referred. to a

¢
terminological qualification  of the measurement
variable. These 'qualifications were - listed on the

facing page to Table 10. The differences in terminology

4.

.did ' not ’affect'thé pLot results because each vari%gle

;was con51dered separately Yet, because discriminant

aﬁaly51s 1nvolved the combination of all wvariables
entered an error in termlnology mlght skew the results

Hence; any varlables ’whlch did not fit within the

morphological 'range~determined by;plot;.-were excluded -

from theldi5criminant'analysis method.
As .with the,test?samplef- the results of the plot

analysis - of the Miocene fossil 'manaibular - fragmen'ts

seemed  to confirm the. ‘large amount of. 51ze variability
'that normally ex1sts in modern pongld .mandlbles The -

absence of spec1f1c c1a551f1catlons was uprobably due,’

r—

jonce again, to the large number of varlablés which fall

]
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within the .male/female (*5 range.
. ,

DISCRIMINANT ANALYSIS

IS

o

Table 11 ,shows the-. ranking of the, three best

[ - 9 X , “ , )

taxonomic - predictions - for each of the 29  Miocene
. . » "l _L‘ ¥ . . .
mandibular. fragments-using

‘fcrlmlnant analys1s Itfis
'1mportant to remember that only those measurement values
which. fifh into the plot are used in hthe» dlscrlmlhant
° analysis. Since many of .the fossils were nOt.identified '
‘as heing« of a particu&ar sex 1in the published
1iterathré, the*d}scriminant score was tested for bofh“

-

sexes. . , © i
Eighteen of 29!(62%1fof the Miocene fossils fitted

more within the anatomlcal range of the chlmpanzee Six
of the fossils (GSI D 18039 GSP 4230,_‘GSP 4622/4857 7—

SP 15000, GSP 15629, ONGC V 790) did not fit obviously

s

into any of the five extant pongid groups} /GgP 13808

h

was the only Miocene fossil 4estedA whose mandibular
measurements fell within the range of the Gorllla - Only;
’four of the 29 Miocene fossils were within the/range of
Pongo. These four cases inoIUded: GSP
9564/9905/9901/9977, GSP 11706, GSP a16075} and GSP
17125. The specific predictions for each of ‘the<'29
UMiocehe‘fossil fragments folloWs:

ghe"basis for a discussion on this subject is
‘ N B ' .

ey



found in Table 10 (plot results) ana Table 11
A(disgriminant'ﬂ gnélysisf' redults). If . a - sexual

classification’ was considered ” for a® .fossil, the

o

literature review reference was listed-in Appendix 1.

Brief comments are made on the. species: and sexual

prediction for each of the fbggﬁis.

Graecopithecus frgzbergfﬁ. The single measurement

variable available for this fossil indicated’ a
morphdlogical'similarity'with Pan, using both plot and
discriminant analysis approaches. Martin and Andrews

(1984) suggested that this fossil might be female. ® The

plot results showed no indication of this prediction.

AMNH '19411: The majority of the plot results
belonged to Pan. This prediction was confirmed by
discriminant analysis. = There was no prediction for sex

7

in the literature review.

AMNH 19413:  There was no indication in the plot

results of the final predictiod of Pan determined by

"discriminant analysis. There-was no prediction for sex-

in the literature review.

BMNH 15423: - The majority of the plot results

belohged‘ to Pan. . This prediction was confirmed using

discriﬁinant analysis. Greenfield (1977) suggested that’

this fossil might be female. The plot results indicated

that the three measurements fell within the female
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range twice out of a total of six times (33%).

GSI D 118/119: The majority of the plot results"

belonged to Pan. . This prediction was confirmed using
discriminant analysis. Greenfield (1977) suggested that
this fossil might be .female. The plot resdlfs indicated
{that the two measurementé fell wfthin the femaié range

thrice out of a total of four times (75%).

GSI D 177: There was no indication in. the plot -

results of the‘final prediction of Pan .determined by
discriminant analysis. The alternqting positions of the
second and third predictions between the two subspecies
of gggég might have reflected fhe patterns of

morphological simiﬁarity in these ~ mandibular

W '
measurements of these two groups. There was no-

prediction for sex in the literature review.

GSI D 197: There was no indication.in the plot
results of  the final prediction of Pan determineé by
discriminant analysis. The alternating positions of the
second and third predictions between the two lsubSpecies
of Pongo  might - have " reflected the  patterns of
morphological similarity in these mandibular

measurements: of these two groups. There was no

prediction for sex in the literature review.

GSI D 199:,, Thé single measurement variable
TR IR : , _
v St ‘ . |
(available F1s  fossil indge a morphological

B
N

L3577
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similarity with Pan, using both plot and discriminant

analysis approaches. Greenfield (1977) suggested that

i

this fossil might be male. The plot results indicated

no evidence for this prediction.

- .

GSI D 298: The majority of the plot ~results
belonged to Pan. This prediction was confirmed using
discriminant ahglysis. There was no prediction for sex

. ' . 3 ! .
in the literature review. ;

GSI D 18039: The variability of the plot résults
was also present inlthe discrimfnant analysis results.
Therefore, »nb species prediction was readily ‘obvious.
Greenfield (1978) suggested that this fossil might be
male. The plot results indicated that the two
measurements fall within the male range twiééléut of a
total of six times (33%). |

GSP 4230: The.variability of the plot results was

——

also present in the discriminant "analysis results.
\

Therefore, no species prediction was readily obvious.
N k] -
There -was no prediction for sex in: the 1literature
’ ) \

review. a\“

GSP 46221A857:v The variability of ‘the plot results

was also present in the discriminant analysis - results.

Therefore, no species prediction was readily available.
Note} If the number of categories in the discriminan%

analysis approach were reduced, trends- towards a

N
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particular species may have become more e&ideﬁp. This
problem %ﬁs a direct result of ﬁhg lack éf side
desighatioﬁ in the measurement var}abies.‘ Greenfield
(1979) suggested that this fossil migh; be female. The
plot  results indicated that the 11 measurement
alternatives, accounting for the teéting of siaes, as

well as the varying measurenent valuesg, fell within the

female range 21 out of a total of 32 times (65.6%).

GSP’9563/9902: There was no indication in the plot
results of the finai prediction of Pan determined by
discriminant analysis. Greenfield (1979) suggested
that .this fossil might be female. The plot results
indi;ated that the three measurement alternatives fell
within the female range tQiCe_out of a total of six
times (33%). |

A ‘
GSP 9564,/9905/9901/9977: There was no indication

in the plot results of the final predicﬁion of - Pongo

determined by discriminant analysis. There was no

' Fl

prediction for sex in the literature review.
GSP 11706: The majority of the plotlresul%ﬁ were

evident in both subspecies of Pongo. This prediction

was confirmed using distriminant- analysis. There was no

. .4
. N ¢ '
prediction for sex in the literature review.

SP r13165§ There was no indication in the plot

results of the final prediction of Pan determined by
c‘y R . . . - .
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discriminaﬁﬁ analysis. There was no prediction for sex
in the literature review. | ‘ |
GSP 13566: The majority; of the éloi resplts~“
belonged Pan. This prediction was confirmed using \
discriminant analysis. . There was no predictiondfofksex h

'in the literature review.

' GSP 13808 .Hfgngsingle meéSﬁ%ement‘ variable
av;ilable for this fossil iﬁdiééted a morphological
éimilarity with .Gorillé, using both plot ahd
‘discriminant analysis  approaches. There was no - .

prediction for sex in the literature.- 3 :

GSP 13875: The majority of the plot results '(f
belonged to Pan. This prediction was confirmed using

o~

discriminant analysis. . There was 'no prediction for sex
in the literature review.

GSP  14951: The single measurement variable

available for this fossil indicated a morphologiéai
sigilarity with Pan, using both plét and discriminant
analysis approaches. There was no prediétion for sex in
the literature-review:

. GSP ;gggﬁ: The variability of the plot results was ’/;
also preéeqt in the Aiscriminant analysis ‘resultsQf
Therefore, no species prediction was readily obvious)

Note: If the number of categories in the discriminant

analysis approach were reduced, trends towards a



o : ' -~

‘ quticular;species may have become more evident. This

problem was a direct 'result of the lack of side
v v

designation in the measurement .variables. "~ Pilbeam

(1982) suggested that this'foséi} might be .maie;' The
plot results indicafed thgt the 23 measurement
alternatives, accounting 'féf ;hé testing of sides, as
well - as vapying'measurémenﬁ values,’ fell within the
male range 22 éutvof a total of‘68bfimes (32.4%). .

GSP 15397: The majdrity of the plot regﬁlts

belonged to Pan. This prediction was confirmed -‘using

discriminant analysis. There was no prediction for sex

in the literature review.

GSP 15629: The variability of the plot results was

“also present in"_ the discriminant analysis results.

i)

Therefore, no species prediction was readily obvious.
There- was no prediction for sex in the literature
N\ . B

review.

GSP 16077: There was ‘no apdication in the plot"

results of the final prediction of Pongo determined by
discriminant analysis. There was no pfediction for sex
in the literature review.

GsP 17125 The majority of the plot results were

evident in both subspecies of Pongo.  This prediction

was confirmed using discriminant analysis. sThere was no

-

prediction for sex in the literature reyiew. %

ES

.
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ONGC V 790- ) The vzrlablllty of the ‘plot results

£

was also present in the discriminant analysis results.
' Therefore, "no. spec1es predlctlon was readlly ‘obvious.
.Phere was . no" predlctlon for 'sex‘_in ‘the literature

~ review.. o - i ‘ o Qo

PUA 1047—69* : There was no indication in the plot

) ‘results ‘of the f1na1 predlctlon of Pan determlned by

: dlscrlmlnant ana1y51s There ‘was no predldtlon/for sex

"in. the 11terature revxew

»

vyPM 13811 ‘ The -majoritQ: of the plot results'

belonged tozPan. Thls predlctlon was conflrmed _u51ng_
- discriminant ana1y51s. Slmonsrand Pilbeam (1965) Jand

szGreenﬁieid'(19783 1979) suggested that thas f05511 mlght

..be female. - The“plot resultstlndlcated that the eight

96, .

smeasurement  alternatives, accounting - for - varying~

b

measurement ‘values; fell w1th1n the f&male range nineg

out of a total of 16 times (56.3%).

?g YPM 13814 The» majority of tHe." plot fesults

a

belonged to Pan. ' ThlS predlctlon was conflrmed u51ng

dlscrlmlnant ana1y51s There was no predlctlon for sex
in the 11terature rev1ew v"v@ ~
Discussion,‘ .

’ - J

The, visual approach (plot) conflrmed the existence

~
™,

-

of 1nterspe01f1c, subspec1f1c, and sexual varlatlon ln'

“ ..‘



»definitions of metric variation in the m"

have been remedied with an increase in the

, \k |
. . {
the mandlbular morphology of the extant * pongid . data

base The multlvarlate ‘statistical  technique,

discriminant analysis, used fOr testing classificaeion

accurately determined the taxon and sex of extant pongld

mandlbles belonglng to the data base;yf
In ~the dlscrlmlnantfanalysiS'teSt,of‘prediction of

the 29 Miocene fossil fragments, the results did not

_Erec1se1ﬁ verify the hypothesis.‘ ThlS» failure to
generate a specific prediction was i luenced by “the

’absence of enough dlscrlmlpatlon between the flve extant
'pongid ‘groups. In addition, the lack of apparent ‘(as

in Pan) or strong (as in Pongo) sexually dlmorphlc

differences ~in  the mandibular morphology lwas also

recognized ds a factor. The absence of 'more . precise

. rf_lig’ht

data base. As -well, the ipcorporation of more

individuals would: have led to better deflned ranges of

LY

normal variation of measurements and features in extant

pongld mandlbles.

W
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Chapter 4

This .final chapter examines a  series of
considerations which affected the method and outcome of
this research. The discussion 1s‘erganlzed accordlng to
the two original hypotheses which are presented in Lthe‘
Jintroductqry, chapter. The closing paragraphe® examine
newt fafeae - of 1nvestlgatlon for future fbngid

morphometrlc studles

° £

- HYPOTHESIS 1: B N

_ EXTANT PONGID SPECIES CAN. BV DISCRIMIVATED ON  THE
BASIS  OF INTERSPECIFIC AND 'SEXUAL ~ VARIATIONS  IN
MANDIBULAR MORPHOLOGY '

The - ‘examinationwudf this  hypothesis ‘involved

comparative tests. of the "size" of certain mandibulaﬁg

Afeatnres‘ between - five extant pongld ' groUpS
'InterSpecific, subspec1f1c,‘and sexual varlatlon 1n/the

/.

measurements ‘and non- metric observatlons of extant Qreat

_ape mandlbles was noted '~ These dlfferent levelss‘of 

>

Varlatlon could be used to dlStlngUlSh qenerally, ‘the

flve pongid groups. The calculatlon of a mandlbular

/
. COorpus shape ratlo prov1deo less: separatlon between .the
‘groups. . : S ' .'.;j

P | - _ - . - _
The main difficulty in taklng Measurements of

extant pongid mandlbles was the probbem of bone .slze.

N
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' Measuring “instruments and the actual  measurement

,Variables considered. were based solely on ;osteometric
- : - . ‘ . . S ’ - : c E
techniques ‘applied to humans. Therefore, there was no -

5

.".:

consideration made for the more roBust_size of pongld // f)
mandibles,  or of accentuated features such as muscle
markings, hia,genial tuberclesﬁ andtalveolar bulges.

-,

2

‘Two important considerations in ‘the statistical
: s
'ldapproach Were- the problem of sample size; and’ the~'
difficulty-‘resultlng from llmltatlons in the selected
dlscriminant analysis procedure. A,lgrget (and yﬁt, .
‘still representative).sample sgze was neededito. enhance’
" the ,separatiohytbétween sﬁhspecies and ’betveen rsexes.
Ahm increase _ih'the»ﬁumbef»pf lndividuals‘inbfthe¥,data
base’ mlght al'so jhave’ bet'ter~ defined 'the Lranoe cf‘
morphologlcal lvafiation of extant oongld mandlbles by
making the outlylng values more dlstlnctlve
e

The use of a statlstlcal progratother than = the

Statlstlcal Package for the Soc1al Sc1ences, Version X

(1983) might have included cases with m1551ng varlables, -
'whlch 'would have resulted in the retention of 55. of the ///
mandlbles w1th1n the analy51s S | N ‘ //

- R
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- HYPOTHESIS 2:

100

-

A~ COMPARISON OF THE SIZE OF» HE. MANDIBLE BETWEEN
"EXTANT = PONGIBPS AND MIOCE

OSSILS - ILLUSTRATES A
MORPHOLOGICAL- CLOSENLSS TO ThE ODWRN ORANG-UTAN '(PONGO
PYGMAEUS) ' g

s . ‘ ‘ ‘~ . . “.7‘:‘1, . :
.Ther visual..andvmultibariate statistical methods
used “in thlS study falled to demonstrate the' "present" _,}h'

taxononic 1nterpretations, ' u31ng‘. hél‘Slze ;off"'the'

.f.mandlble, dof,la,-sample of Miocene"hOminoid fragﬁénts

"Lven though 62 'of the m10cene f05511 mandlbles tested

Y. ‘.

fitted most closely the morpholoclcal range of, the

chlmpanzee - mandlble, tok 1mmed1ately change the
v ¢ ) ’ 3

C o clas51f1catlon of these f0551ls on thlS ba51s would be,-

'whereby‘the‘M1ocene f0551ls are ahcestralltO'Pah,:« his

‘association. Bilsborough (1971) clearly stated that the

-erroneous Yet, this ‘associatlon of Ramaplthecus .and

Slvaplthecus to the chlmpanzee must be 51gn1f1cant

\

One manner of 1nterpret1nq th1§=reTa\}onsh1p is to +

say that 1t represents a measure of blologlca distahce,7

research - was not . the first to suggest such anf\\x~

o'

-ramapithecine maxilia, YPM.13799, waS'samllar to-Pan‘;n
.rpimens;ons of the dental arcade (1nc1ud1ng palatalyi
‘breadth at the canine, . fourth premolar, and molar) the

'7curvature ?of' the .in01sors, and - the Hlength - of the

7

»”dlasyemaz.. Morbeck (1983) claimed a similar structural

v drelatlonshlp between the:. size . of . the ‘ramapithecine -



o

”humerus from Rudabanya, Hungary (RUD 53) and the humerus \:

.of extant ponglds Of a total of 16 measurements taken .

‘on thls fos j>,~“15 fell w1th1n the range of Pan, andu13"

Cfit in the range of Pgng_ Clearly, the ranges aof
.'morphologlcal varlatlon of- the extant ;pongid humerus"
" were not dlStlnCt enough forda comparlson to a~hfossily
ﬁbeoimen..i ,'_"_ . { f‘;' _“_ - | o _\\
| Another means“bof interpreting .thisv relationship
abetween ' the “Miooene fossils anduygan ~ involves a
'.comparlson of body 51ze ‘It,has been assumed throughout~-;
.:TthlS‘ study, that a 1arge—si2ediprimate,’ such as :a:
"gorllla, has a large mandlble and a small orlmate, like
av chlmpanzee,;-has a smaller mandlble."’If 62% of the

'-Mlocene f0551l mandlbular fragments flt w1th1n the' size_

range of” Pan,“then it should be feasible that such a -

kY.

‘“?. 51zed based rélatlonshlp would also affect body size. {7

”'A major work 1nvolv1ng the predlction of body size

, of Mlocene f0551ls was attempted in 1980 by Rlchard J.
meith In hlS dlssertatlon, Smlth who used detalls on
.extant pongld body»51ze, diet, cranlal measurements, and

,phylogenetlc c1a551f1catlon dlscovered that his body .

'1we1ght predlctlons of Ramapithecus (ranglng from 16. 7 kg

,57.0tﬂkg) and Slvaplthecus (ranglng from- 57 5 hg

64}5 'kg) were highly. . varlable,:y lthough . the .

'eindividually r'predicted ,’body weight, values gwereh

L3l
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epeculative,' this :xesearqh did confirm the results of

other "studies which demonstrate that Ramapithecus is l

'smalier than Sivapithecus.
. | B

. On the: basis . of postcran1a1 eviden e, Pifbeam-

(1979) predicted that Ramaplthecus would have\welghed 20 ““%

£ y

"kg and Slvaplthecus, 40 kg. ' Andrews (1981)/ suggested

- that .modern baboons wére a rellable comparlsin for the

body welght of Ramaplthecus, and. that orang-utans were a

good model for the body W819ht -of Slvaplthecus. As

 noted by Smlth (1980), Pllbeam (1979) and Andrews (1981)

LY

also predlcted Ramaplthecus to be the smaller of the two
f05511.forms.ﬁ‘ | | ‘
Ca _Because ‘of the variation in the"predicted' body
'weights for the Miocene' fossile, ' there was some L

difficulty in comparing'them to tne weight of modern

g pongids. . This - problem will be dealt w1th by not using

»J,N
the’ s¢ec1f1c predlcted welohtsbhizveloped by Smith .

(1980),;rand» 1hsteadr.empha51s will Pe placed on the

results by Pilbeam (1979) and,Andréws&kI981).

It was also awkward vto compare the predicted £
-weights wrth thosé& of modern ponglds,_ since many field
.ethdiee ' f. 11v1ng prlmates 1nd1cated 1arge.dearees of
wariatioh jini body ;welght.: This problem should /pe
alleviated"by-using thefbodp weights.of modern pongids

listed only in Napier and Napier (1967).

o a »
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Napier and Napier (1967) s#&téﬁ;that on average,
: 7 : o '

male Pan weighs 49 kg, ahd*female‘gaﬁ’weighs 41 kg, -

- whereas the weight of Pongo pyghaeus~abelii ranged from

69 kg in males ‘to 37 kg 'in fémales;-d;The “WeightsV of

Pongo pygmaeus pygmaeus were ‘not 1nc1uded because of an

orlg;nal mlscalculatlon by Lyon ' - .

The. predlctlon of - 20 kg~ for Ramapitheous bogy o

weight put forth by Pilbeam (1979) was much less than

103

either modern’ Pan or.Pongo values. A 40 kg weight;l

prediotion for Sivapithecus fitted more  within the -

modern pongid weight classification.

Ve
1

According to Napier and Napier (1967),.fth? body

weight  of Papio.anubisdis betWeen'22—30 kg for males,

and 11-15 kg for females. These Weight:values‘did not °

correspond exactly to Pilbeam's (1979)‘ prediotion‘ of

_Ramapithecus welghlng about 20 kg. UbTh ”‘body welaht

L

;predlctlon by Andrews (1981) suggested that Ramaplthecus pf

‘gas a small ancestor 1f compared to the body welgbt Of~t

extant chlmpanzees , ; ' ] j o ﬂ'f‘

. On the'ba51s,of the above discussion, it  Seemed"

that similarity in the size of fossil mandibles to -Paﬁfi

did-vﬁot_ necessarily demonStrate a likeness in body

weight. - This observatlon might reflect dlfferences in

L~

the body proportlons between  extant ponglds‘ and |

Miocene fossils. Ong must be aware of the problem .- of



comparison between fossils which existed for at least

seven million years (8 mya to 14 mya ) cbmpargd to modern

‘chimpanzees which, according to molecular data, split

il

from the human-ape lineage about féu
years ago.

A final means of explaining the possible true
relationéhip of Miocene fossils to Pan involves. . a
chparison of diet. Corruccini and éeecher (1&82, 1984)
deménstrated  that similarities in diet would have an
éffect on the '‘structure of the mandible. Althdﬁgh their
.reseérch mainly dealt with influence of soft diets, “the
impact = of Vfrugi&bry ~and folivory should reflect
variation in certain components of the masticatory
apparatus. " Most stUdies of phis variation have

emphasized the structural differences in the tooth

morphology. -

Speaific proposals have been put forth regarding.

the dietary adagtation of "the Miocene ' fossils. _ Kay

i (1977) claimed that Ramapithecus " and Sivapithecus
indulged 1in eating fruit. Andrews aﬁd Aiello (1984)
also belieVed‘ that sivapithecines (inclﬁding
'ramapithépines) were fruéivores.‘ These two predictions
are . similar to the normal dieta;y regime of Pan ana
" - Pongo. - Therefére,_ in the compératiQe—examination of

Miocene fossils to the extant pongids, a likeness in

r to five miliion_
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dental structure demonstrates similarities in diet.
Clearly, the next step would be to determine the

structural differences 1in the mandible between modern

»

"folivores and frugivores. Once this wvariation was

assessed, then a comparison of jaw structure to Miocene.

foésils would be appropriate.

Although it was not the purpoée to suggest new
taxonomic categories for the fossils, the importance of
this research = lay in the ‘realization that if

Ramapithecus and Sivapithecus were ancestral or in some

way related mofphologicallyvto the modern' orang-utan,

then this association might be evident in a simple

comparative study.

All of the above discussion is based on the

/ A } N
~assumption that the similarity between the Miocene

fossils and modern’  chimpanzees 1s a measure of
biological distance., 1f, however this relationship of
the Miocene ‘fossils to Pan is not a measure of

biological distance, then this may indicate d source of
error in methodology.

Clearly, in this multivariate statistical approach,
the computa£ion of a discriminant scoré is the basié of
the taxonomic predictioﬁ of annown., mandibies.
'Corruccinii (1975:3) stated that this approach is, "not

designed to indicate relative affinities of unrelated
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’ 4
individuals or to the parent populations...., or to be

aéglied to outside grOUps not. included &g the original

function computations" (my - emphasis). If biological
distance 1is not a factor, then Corruccini (1975) may

have provided a reason why the wuse of discriminant

analysis in this study concluded that 162% of the Miocene
¢ . |

fossils fitted more aptly in the range of Pan, rather
than toward the expected group of orang-utans (Pongo).
Predictions of sex were difficult to determine
because of t%e very recent addition ofAth}s factof to
Miocene fossil inte;pretations. Although Greenfield
(1977, 1978, 1959)'was the only author who ébnsistently
attempted to provide sex classificat%on for some of the
Miocene fossils, there was little information beyond hig
reséarbh. | -

An important concern in this type of prediction is

how to define the male versus the female in terms of

fossils. If ~ one bases the comparison on living

primates, ther ]Qize difference could be used to
i o ,

distinguish the sexeg. In other words, does a large

bone necessarily représent a male individual, and a

> s

small bone a ﬁj; le? ., The amalgamation of Ramapithecus

and Sivapithec:fJVresults in a possibility that size

differences ”f&m these two groups may actually be
‘ Fer

“'%%ﬁgl dimorphism. Whether the. sex
s ;.‘,;i{ﬁ . . : ) .
Rt®
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classification of fossils is based on a single specimen,

or on a group of large—sizéd (and possibly of similar

taxonomic classification) primateés, 1little research can
be done uhtil the exact differences between ‘the sexes

‘can be established.

P
e

As a result of the literature search --fqr

_ : e ’ . N,
measurement values of some of @ the Miocene hominoid

mandibular fragments, three inconsistencies in the
collection of measurement dQ‘a were noted. These three
factors are: (1) difgdrences in the measurement

techniques between researchers sometimes resulted in at

least two values for one measurement variable; (2).

although there are sfandara landmarks‘and terms used for
osteometric analysis;“there existed:variation in thé
names of some of the méaéurement variébléé; ‘and  (3)
often;‘ there was no attémpt to‘identify the side of the
bone ‘on which a measureméht was taken. = The effect of
-;thése"inconsistenciés'on tﬁisffgségfch meant that ali of
thesé- options had to be considered. For instance, if
'two  or more valueSYWere avaiiable for one 'meaéurement,
both values were tested usihé\ plot- and discriminant
analysis. Where the terms of méasurement variables were
diffefenﬁ fromlEhOSéipresentéd herein, these measurement

Variébles were excluded from the analysis. Finally, the

lack ~ of side designation of certain ° measurement
_ : : : \
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vdriables meant that both right and left sides had to be
investigated. These aforementioned factors must be
resolved before future morphometric research in this

area can continue.

The above discussion has dealt 'primarily with

, Y _
considerations of the present research, The folloWwing

*

'b:ief "discourse looks at alternative ways to app}oach

future morphometric analyses. ‘ ‘ S

) . ' " \ . . .
Although non-dimensional features are examined in

thre extant pongid data base, there is no‘comparison with

e d

the same characteristics in the Miocene. foSsils. This

could be an important area of reseafch‘becahse 1t might

lead to a better understandingwof how muscles attached,

_or tubercles affected the masticatory process in fossil
- : _ ,

Hominoids. Photographs illustrating'particular aspécté

would be of, great assistance in such a project.

\@nother application of this approach -might consider

c g

P a . «
only ‘juve£i}e fossils. It would be imperative to

accurately define'hfhiarﬂﬂge category, and probably

necessary to divide it into various sub-groupS/ such as

\
4
fetal, newborn, immature, and sub-adult. Thesie types of

analyses are ianpropfiate until more fossils of youhg

_individuals are identified and describéd.

\ \ o

Similar analyses, but using different features of

the mwandible or-.another part of the skeleton, might

I

o
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3 . b

substantiate or disprove the results of the thesis.  The

“
b

results of a different statisticafyﬁppraach may provide
" wvaluable information influencing‘thc outcome of this

resea;ch.

. Finally, once ' this approach is refined, a

statistiéal application to other fossil groups could

have 1important ‘ramifications in terms of taxonowic

and/or sexual predictions.
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LTS

(SymH) and gnathion.

ﬁ // | Table 2. ;5

Measurement Marlables included in study
(after Brothwell 1981:82-84; Montagu 1960 51- 52)

}Bicondylér width: Dlameter between most external p01nts-g

(BiConW) . of the mandlbular condyles

*Bigonial Wldth Dlstance between gonla
(BlGW)

Foramen Mentalla ‘Width: From the most '‘anterior point of

(FOXrAw) ) -one mental foramen to another.
Minimum Ramus Wldth . Smallest- dlstance between the
((R )Ramw) ‘anterior and posterior borders of
. the ascending, ramus.
(left and right side;
measured‘independently)

Symphysis Height: Distance between 1nfradentale

K

1 '

‘Symphysis Breadth: Maximum thickness of the’ SympHysis,

(SymB(EY))* * excluding the genial tubercles
g B . and the simian shelf e
s external and internal measurement)

Maximum Mandibular Length: Distance'between,the,mostgr

(MaxL) . o . posterior points on the

-‘Eﬁ&?

condyles to the most
, , . ~.anterior point of the ‘
\ _ . mandible. Since this 'length
B ‘ is measured on the
mandible board, it accounts
- for the - angle of the gonla
Gonlal ‘Angle: The angle between the. condyles to the
(GonA) ) gonla and the base of the mandible.

Ramus Height: Helqht of the ramus from op of condyle

-J(JRt)RqQH@ to the base of the mandible.

~ (left and rlght side;
measured independently)
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g,

Coron01d ProceSs Helght' Heé .ﬁt of the ramus from tOp

((Rt)CorH) - of¥coronoid process to the.
: base of the mandible.
. (left and right side;
‘ measured 1ndependent1y)
* .
Corpus Helght : Helght from inferior border
({Rt)P3H) . (base) of mandible to alveolar crest
~on buccal surface of, middle of post-
~ canine tooth to be measured.
* .
Corpus Breadth : Maximum breadth under postcanlne
((Rt)P3B) - . tooth to be measured.

L9

R

Corpus height andbcorpus breadth measurements
were taken under each of the premolars and molars
on both 51des of the mandlble

S
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Tablye :3 . l “,..»t"’ e

Non-metric observatjons included in study

' MB,pOSiﬁién_tb ahtepiQr b§rdér of the méhdibulér ramQSEN
v.-M3 —;aHte¥ioﬁ”to‘bordér  ‘ ;

Lo covered 174
”f éo?éréd 1/5
 %ACovered 3/4

v j% trace visible . ’ R
- totally hidden ”
, - n6t avai1ab1e,
ST e
.Gonial angle shape: Vo ‘ M . 3

.

.fstpaight
~-inversion -~ slight'
- marked
" ~eversion - élighﬁc :
| - ﬁarkedb' ,
-not aVailéble‘
Numbér of mental foraminateleft anderight side;
. | sides éhecked_indepenaently)

-

- single

M

% double .. ' v‘i' ' < ‘ )

- t}}ple\\av B —
- more tha triple" _ ' S -

-~ not available
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This table represents the total number of
measurements which .overlap the three sex
groups, for each tést case.

M -"male
X - male/fémalev
F - female P : '

tN two cases, the 1nd1v1dual mandibles are'-
not cohsidered adults, and therefore both .
are compared to adult and juvenlle plots
(graphs developed from the data base).
Superscripts "a" and -"b" refer to the use
-of the juvenlle graphs and the adult graphs,
-respect vely.

(f):).
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This table lists the fossils, and their
. corresponding measurement values. The’
symbols under each of the five subspec1es
columns indicates how a specxflc varlable
fits w1th1n that subspe01es :
. / ,

The symbols are:

M - male . ' ' ‘ | : M‘
- * - male/female , o ‘:_ ' R : ,

F - female -
Sﬁberscripﬁlfoothoté references:

measured on.the anterlnr face

0N =

measured anterior to t: oth- :
3.  "thickness of jaw in front of root of ascendlng

ramus" (Gregory and Hellman 1926
4. “measured as the vertical diameter of the symphy51s
5 measured as the maximum antero- posterlor w1dth

6. measured as thé.symphy51s depth
7.. measured as the breadth at M2
8:_d$936hred as the symphysis length
9.~-rféasured as the breadth at M2

10:: taken as a distal measurement

11. measured as the symphy51s depth

12. measured as the. corpus depth

13. "horizontal distance from the most anterior point
: to posterior border of ramus™” (Preuss 1982)

14. measured as corpus thickness '

15. measured as symphysis depth

16. measured as corpus height

- 17. measured as corpus height

18. -taken as a maximum.measurement

"~ 19. measured as the breadth

¥

-
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Dupllcated variable lists w1th1n each fossil
1ndlcate one or monﬁ values for variables.

If sides are not 1nd1cated for spe01f1c
measurements, then both left and rlght 51des*
are tested.

Both séxes are considered for all fossils.
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-The 29 Miocene fossils as well as their respective
available measurements are listed in columns 1 and 2.

\ . ;
Each fossil was compared‘to both male and female
values formeach measurement variable (Cdlumn 3).
2 v
Column 4 lists the percentage of correctly. c1a551fled
mandiblés in the data base, using only- those ‘d
measurements avallable for spe01f1c f0551ls. S

The 1ast two columns summarize the taxonomlc
predictions for specific fossils, using the two
approaches discriminant analysis and plot.
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‘Figure I;

Measurements taken in this 'study
Qadapted from Brothwell 1981:82-84;
JLeakey and Leakey 1978:172-73)
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Legend

- Bicondylar w1dth i

- Bigonial width .

- Foramen mentalia width
= Minimum.ramus width '
‘Symphy51s height _ .
- Symphysis breadth (external and internal)
- Max1mum length- ¢ :

- “onial angle

- Coronoid process height

10 - Ramus height g )

11 - gp;pus height . : @g)

12 - Corpus breadth R
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Species:

Sex:

.Y

e

(identified on vertical axis)’
i - Pongo pygmaeus pygmaeus
2 - Pongo pygmaeus abelli
3 - Pan troglodytes 4
4 - Gorilla gorilla gorilla
5._

Gorilla gorilla beringei’

m - male
f - female

o

W
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T Bicondylar- Width (mm)
»- .
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Figure 2. Example of plot graph showing range of
morphological variation in extant pongid
mandibles between groups, and between sexes
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B. Corpus height measurement - taking into accaunt
the flattening - of the inferior border below P3
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Plate 3.

* Photograph illustrating effect of a:teriof ramal bofdéf
flaring on corpus breadth measurement of M3

A i
*



Twracal oranag-utan mandible,
STotakesg Into account gonial anals
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"vpical gorilla mandible.
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, Appendixrl.

ﬁist of Miocepe fOSsil'hOminoid
mandibular fragments included in this



Each fossil is anatomically described.

Numerous prev1ou% taxonomlc c1a551f1catlon5
for each fossil are also listed.

Measurement variables and values (in
mllllmeters) are presented.

ew refers to estimated measurement values.



Graeccpithecus freybergi

"Bei dem neuen Funde handelt es sich um einen schwer

beschadigten Unterkiefer eines alten Individuums; der

»

noch in der Matrix befindlichen Kiefer wurde von mir mir

teif%eise freigelegt um ein Auseinanderfallen zZu
verhuten. Beide Mandibelhalften sind Qérhanden, rechts
P4-M2 (M3 ist apgebrdchen), links sind keine Zahne mehr
anwesend, bDer Symphysenteil ist ganzlich zersplittert.

Man erhalt leider den Eindruck, der Kiefer sei erst nach

der Entdeckung so schwer beschadigt worden. Die
Unterseite des . Kiefers 1ist ebenfalls sehr stark
beschadigt; links iiegt uber die ganze Lange die
Spongiosa frei, Techts ist ein kleiner Teil Wdés
Unterrandes zu erkennen" (von Koenigswald 1972:387) °

. . \
[The hominoid find is a very damaged mandible proﬁably
from an elderly individual. Both mandibular halves are
present, however there are differences between the

sides. The rig?t half includes P4 to M2, with the M3

area broken. The left mandibular half contains no

teeth.  The symphysis is completely splintered and
therefore does not ~provide'a clean break :for exact

reconstruction. ]

von Koenigswald o 1972 Graecopithecus
freybergi
Andrews and Tekkaya ‘ 1976 Dryopithecus
4 indicus
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1)
Simons 1976a Ramapithecus
Simons . 1976b Ramapithecus
Simons X 1981 Ramapithecus
Kay 1982 Sivapithecus
. indicus
? ‘
Kay and Simons ’ 1983 Sivapithecus
indicus
Martin and Andrews 1984 Sivapithecus
" meteai
(Female?)

leasurements:

M3 - corpus heignt (right side): 25 e
' (von Koenigswald. 1972)

AMNH 19411 (cast no. GSI D 193)

"The anterior part of a lower Jjaw TAmer. Mus. No.

-

19411, inéluding the symphysis, . the alveoli of the
incisors, the lower part of both canines and the
vremolars of both sides; also one condyle"

(Gregory/Hellman 1926:26)

Brown g; al. 1924 - Dryopithecus
[ : . pilgrimi
N N .
» Gregory and H%llman" 1926 4 Dryopithecus
- o - pilgrimi

Lewis 1937 Sivapithecus
‘ sivalensis

Wadia and aibdy 1938 Sivapithecus

sivalenesis

1965 Dryopithecus
sivalensis
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Nf\\d*
Pilbeam “ 1969b Dryopithecus
Chopra and Kaul 1975 ‘Dryopithecus,
. sivalensis .
Prasad - ' 1977 Sivapithecus
sivalensis
Greenfield ' 1977 Sivapithecus
' : sivalensis
Greenfield 1979 Sivapithecus *
» sivalensis
Kay ' 1982 Sivapithecus
N sivalensis
L
Kay/Simons %“1983 Sivapithecus
. E - sivalensis
Prasad 1983 Sivapithecus
: sivalensis
° .
Measurements:

L]

Symphysis height (anterior face): e.43 '
(Gregory and Hellman

1926)1
- - 43 (Pilbeam 1969p)
. - - 42.6 »
: N (Simons and Pilbeam
‘ 1965)
Symphysis breadth: 17.8 (Pilbs o 1969b)

17.0 (Simons and Pilbeam 1965)

AMNH 19413 (cast no. GSI D . 195) -

"The left half of a mandible\ (Amer. Mus. No. 19413)

'lacklng the front part but contalnlng P4-M3 in excellent

condition" (Gregory and Hellman 1926:27)

g
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Bréwn-g; al.
Gregory and Héllman.
- Lewis

L )
Wadia and Aiyengar
Sjmons'and Pilbeam
Prasad
Greenfield

Greenfield -

Kay . (
-

Pyasad

Measuraements:

1924
1926
1937
1938

1965

1977

1977

1979

1982

1983

“Sivapithecus-»
indicus

Dryopithecus
frickae

Dryopithchs
frickae

SivapitheC£;7'
indicus

Sivapithecus
indicus

Dryopithecus .
iLhdicus o

SivapiLhecus
indicus

v . g
Sivapithecus
indicus

Sivapithecus
indicus .

- Sivapithecus

indicus

M3 - corpus height (anterior to tooth): 31

RS

(Gregory and Hellman
1926)

Thickness of jaw in front of root, of ascending ramus: 19

BMNH 15423
"Inferiorly, the

superiorly the [left]

of the roots of P3y posteriorly,

symphysis

is preserved

(Gregory and Hellman
1926) T

although .

mandible is broken away in front ©

the‘ramus is broken

f



o

> NG

just bohing M3 rﬁpts. Broken and croded partial crowns
of I’;l through M3 are preserved. The first and  third
molars are in particularly bad Condition,‘ having lost
Eheir enamel  entirely. [ The roots oniy of P3 are
. " - » . 4.

preserved. The crown of P4 id broken lingually, and
heévily}worn. Most of the MZ.Crgbhais present, adthouqgh
as on P4 the ~1inqualglthird 1s missing"‘a (P1lbeam
1969a:1094) -

Simons ’ 1964 Proconsul

africanus ?

Simgns and Pilbeam 1965 Dryopithecus
?\ : laietanus
Pllboam \ , 1969a Rﬁmapithecus
. punjabicus
Greenfield / 1974 Dryopithecus
laietanus
Conroy and Pilbeam 1975 Ramapithecus
_Greenfield v 1977 Sivapithecus 7
: = brevirostri%/’
P ) (Female) -
Greenfield 1979 Sivapithecus
brevirostris
Kay ' 1982 Sivapithecus
‘ simonsi -
Kay and Simons 1983. Sivapithecus
' simonsi

~Measurements:
M2 - corpus height: e.23 (Simons and Pilbeam 1965)
M3 - corpus height: 26.6 (Pilbeam 1969a)

P4.—,corbus height: 31 (aylbeam 1969a)



1 R ©
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BNRITE Pypesi of the pPresent specics are portions of the

rabto and ettt tamus of  thoe same mandible, the former

O N T containing M3 with half the broken crown of
.‘ - . i .

M2 and the latter [GsT b 119] M2 with'kho Broken crown

ol Mg (I‘I].ill, iz JYlyeg) N
A RISt 1910 - Dryopithecus
A punjabicus
ol , - 1915 Dryopithecus
) ‘ punjabicus
P ; 1937 ¢ Bramapithecus
. punjabicus
Wadhin and Aiyengar 1938 ‘ Bramapithecus
. punjabicus
Simony "7 1964 Ramapithecus
. : punjabicus
. ' - ’ i - : ’
cirmons and Pilbeam 1965 Ramapithecus
’ - punjabi‘cus
Prasad - ¢ ' 1969 Ramapithecus
- . punjabicus
Frlbeam . o ) 1969b Ramapithecus
P - punjabicus
Chopra and Kaﬁl 1975 Ramapithecus:
: ' ; punjabicus
Greegfield | ) 1977 Sivapithecus
. : sivalensis
* * (Female)
‘ | 3 4 |
Prasad 1977 “Ramapithecus
' punjabicus
Greenfield ° . 1979 ' Sivapithecus
= ' sivalensis

a



'Kay ’ 1962 Sivapithecus
: ‘ sivalensis

Prasad : 1983 Ramapithecus
' punjabicus

Prasad (pers. comm. ) | 1984 Ramapithecus
' punijabicus

Measurements :
. M3 - corpus breadth: 19.g (Pilgrim 1915)

» ! . ¢

M2 * corpus height: 23.4 (Pilgrim 1915)

.o..a right mandibular ramus (Ind. Mus. D. 177) from
the same locality, containing M1l and M2, PM4, and the

broken crownsii M3 and PM3 with & part of the alveolus

" of the canine" (Prlgrlm 1915 34)

a

@ilgrim . o . 1915 Sivapithecue
‘ - 1ndicus
Pilgrim 1927 Sivapithecus
: indicus
Lewis . - 1937 ° Sivapithecus
: ‘ indicus
Gregory et al. 1938 :éivapithecus'
’ 'indicus -
Wadia and Aiyengar ‘ ©1938 ’ Sivapithecus
‘ sivalensis
. N
. Simons‘and Pilbeam S 1965 Dryopithecus‘m
‘ ' ' ‘indicus
Prasad o o 1969 Sivapithecus

“sivalensis
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Prasad g / 1977 S&vapithecué
\ ' 7 : sivalensis
Greenficld ‘ S 1977 SiVapithécus
/ sivalensis
Kay v f/ . 1982 ‘Sivapithecus
‘indicus

/

I3

Measurements:

P4 - corpus breadth: e.l5 (Pilgrim 1915)

GSI D 197

"Left mandibular ramus" (Prasad 1983:567) "....pfeserve
the symphyseal region .gnd sockets of . anterior®

teeth....preserve 1left p3 throuth'MZ” (Simons'and

Pilbeam 1971:26) _ '
Pilgrim S 1927 Sivapithecué
) . . himalayensis
" Lewis @ 1937 -Siyapithecus
‘ N _ _ indicus
Wadia and Aiyengar . 1938 Sivapithecus
g indicdus
e 0 ; :
Simons and Pilbeam, ° 4 1965 Dryopithecus
- N indicus
Prasad - = : ‘ 1969 ~Sivapithecus
s ' indicus
Pilbeam . ' ' 1969b Dryopithecus -

(Sivapithecus)
sivalensis

Greenfield 1977 Sivapithecus
o ‘ indicus '

;Greenfield 1979 " Sivapithecus
: indicus

)
S



Kay s ‘ 1982 . Sivapithecus
' ‘ ‘ ' ‘indicus

Meaéurements:-
‘P3 - corpus height: 32.8 (Pilgrim 1927)
M2 - corpus height: 27.8 (pj grim 1927)
P4 - corpus breadth: #4.5 (pilbeam 1669b)

L
P4 - corprs height: 35.5 (pilbeam 1969b)

GSI D 19

..consists of a left mandibular ramus containing p4-

M3" (Simons and Pilbeam 1965:90) . -

'Pilgrim ' 1927 Péleopithecus
K sylvaticus
Lewis T 1937 ' Sivapithecus

sivalensis

Wadia and Aiyengar 1938 Sivapithecus
: sivalensis

Simons and Pilbeam , 1965 Dryopithecus
: sivalensis

Prasad - _ - o 1969 ' Sivapithecus
' sivalensis

Pilbeamn ” 1969b .  Dryopithecus

s \ (Sivapithecus)

N , sivalensis

Simons and Pilbeam 1972 Ramapithecus

punjabicus

Greenfield. 1974 Dryopithecus
: - sivalensis

Prasad ’ ©1977 " Sivapithecus
: sivalensis



<
Greenfield ' _ 1977 . Sivapithecus
. sivalensis
(Male)
 Greenfield 4 | - 1979+ °  Sivapithecus

sivalensis

Kay ' E o . 1982 * Sivapithecus
. : o sivalensis

Prasad ‘ : 1983 Sivapithecus”
. sivalensis

Measurements:
P4 - corpus breadth: 13 (Pilbeam 1969b)

GSI D 298 (cast no. YPM 13870/field no. 618)
] : ) ' .

“"....front part of mandible including right ramus

(horizontal) with P3-4, M1-2, and alveoli of Cl, 11-2"

(Gregory et al. 1938:21)

Pilgrim 3915 ~ Sivapithecus
‘ : . : chinjiensis
Gregory et al. ‘ 1938 Ramapithééus
' ” , brevirostris -
Wadia and Aiyengar \ 1938 - Ramapithecus cf.
: brevirostris

Simons S 1964 - Proconsul
B - - africanus ?

Simons»and(Pilbéam ‘ 1965 - Dryopithecus
' laietanus_'

Prasad ‘ 1969 Sivapithecus

: ' '~ chinjiensis .

Pilbeam - 1969b  Ramapithecus
' . ' : - " punjabicus



Greenfield . s
‘Greenfield

Szaléy and Déléoﬂ
Kay

Kay and Simons

von Koenigswald

. Measurements:

1974

1977

1979

1982
1983

1983

Vertical diameter of symphysis:

Max. ant/post width of symphysis:

Dryopithecus
laietanus

Sivapithecus
brevirostris

cf.

" Sivapithecus

sivalensis

Sivapithecus
simonsi

Sivapithecus

simonsi

cf.

(Simons and Pilbeam
1965) ~

Ramapithecus

(Simons and Pilbeam
1965) -

M2 - corpus ‘height: 22.5 (Simons and Pilbeam 1965)

M2 - corpus breadth: 15 (Simons and Pilbeam 1965)

GSI D 18039

;....a left Vmandibular

(G.S.I. 18039). The incisor aivebli and most of the

ramus

crowns of P3-M2

symphyseal region are present" (Simons and Pilbeam

1965:92) /

Prasad

Simons and Pilbeam *

1962

1965

Sivapithecus
aiyengari

Dryopithecus ~
indicus
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Prasad 3 1969 . Sivapithecus
: ' ' ‘aiyengari/
‘ ' . Sivapithecus
indicus s =

Greenfield ’ 1977 Sivapithecus

indicus

Greenfield. : . 1978 Sivapithecus
‘ indicus
~(Male)
-Prasad o e 1983 Sivapithecus
' ) iMlicus
Kay and Simons - 1983 Sivapithecus
‘ : "+ indicus

Prasad (pers. comm.) - 1984 "Sivapithecus
: ' indicus - -

&

Measurements:
M2 - corpus breadth: 25 (Prasad 1962, 1967, 1984)

P3 - corpus breadth: e.20 (Prasad 1962, 1967)

3
GSP 4230

.. -..Consists of part of a right mandible including the

corpus and ascending ramus, M2 crown, and M3 root

sockets" (Pilbeam et g%f 1980:9)

<%

Pilbeam et al.. e 1977 Sivapithecus :
: ' ' indicus
Pilbeam et al. . 1980 Sivapithecus
' ' indicus
“Kay . . ' 1982 Sivapithecus

.indicus
Measurements:

M3 - corpus height: 30.5 (Pilbeam et al. 1977, 1980)



M3 - corpus breadth: 23.5 (Pilbeam et al. 1977)
’ . ]

22.8 (Pilbeam et al. 1980)

GSP 4622/4857

....consists of a mandible 1acking»ascending'rami, with
the left molars and right M3 intact" (Pilbeam et al.
1980:107)

1977 ‘Ramapithecus
punjabicus

Pilbeam et al. "

Greenfieid o ﬁ979. Sivapithecus
. ' (Female)
Pilbeam et al. . 1980 - Ramapithecus

punjabicus

Simons , R 1981 : Ramapithecus

Pickford : / 1982 Raﬁapithecus
: { punjabicus

Kay..- x\,n 1982 Sivapithecus
‘ ' T sivalensis

Kay and Simons . 1; 1983 . Sivapithecus
: : - sivalensis

Measurements : T i
P4 - corpus breadth: 13 (Pilbeam et al. 1977, 1980)
Symphysis height: 31 (p}lbeam et al. 1980)
e.3b (Pilbeam et al. 19775
Symphysis breadth: 14.5 (pilbeam et al. 1980)
15 (Pilbeam et al. 1977)

M3 - corpus héight: 27.3 (Pilbeam et al. 1980)

P "31 (Pilbeam et al. 1977)

214



-
i ey

M2 - corpus breadth: 48 (Pilbeam et al. 1977)
M3 - corpus breadth: 19.5 (pilbeam et al. 1980)

20 (Pilbeam et al. 1977)

Povoititeesg
PN

GSP 9563,/9902

"..;Jconsists of a partial mandible 'in two pieFes,
contacting 1in the region of théhright P3. One piece
includes the\/;ﬂperior part .of the right cprpus ;with
roots of -M3 and P4, and crowns of M] aﬁd M2. The other
is a sympﬁyseal portian running’to the inferior bordef,
including the crown of P3 and the rocts or sockets of
the left P4, C, 12, 11, right Il and I2. Alveoli or

roots of the right C and P3 are lost" (Pilbeam et al.

1980:14)

Pilbeam et al. 1977 Ramapithecus

o : ; punjabicus
. ‘ , @ ‘
Greenfield _ 1979 Sivapithecus

‘ (Female)

Pilbeam et al. 1980 Ramapithecus

punjabicus

s ,

Kay g ' : 1982 Sivapithecus

sivalensis

Meééﬁrements:
Symphysis height: e.33 (Pilbeam et al. 1980)

Symphygis breadth2-17 (Pilbeém et

al. 1980)



v

GSP 9564/9905/9901,/9977

Qith'the crowns of the left P4 through

Or sockets of all other teeth"

-.consists of a mandible .lacking the

Pickford

Pilbeam

Pilbeam

et

Simons

Kay

Kay and Simons

P4

Measurements:

1977
1977
1980
1981
1982

1983

(Pilbeam

™

ascending

M3 and the roots

et'al. 1980

Sivdpithecus
indicus_

S

ramj,

:16)

Sivapithecusf

indicus

Sivapithecus’

indicus

Sivapithecus
indicus

Sivapithecus
indicus

Sivapithecus
indicus

corpus breadth: 15.5 (Pilbeam et 'al. 1977)

*

16 (Pilbeam et

al.

1980)

Symphysis height: 52.5 (Pilbeam et al...1977)

52 (Pilbeam et al. 1980)

Symphysis breadth: 20 (Pilbeam et al. 1977, 1980} -

M3 - corpus height: 42.5 (Pilbeam et al. 197%)-

M3 - corpus breadth: 24 (Pilbeam et

40

26

(Pilbeam e

(Pilbeam -+

+

al.

el

al.

5
!

1980)

M2 .- corpus breadth: e.47 (Pilbeam et al. 1977)

1977)

1980y

216



217

P4 - corpus height: 43.5 (Pilbeam et al. 1977)

> 43 (Pilbeam ot al. 1980) -

GSP 11706

+-..consists of a right mandibular corpus with molar

roots; a tiny portion of M3 enamel remains at the

mosiobuccal corner" (Pilbeam gg‘al. 1980¢24)

Pilbeam et al. 1977 Sivapithecus
indicus/
Ramapithecus
punjabicus

Pilbeam et al. 1980 Sivapithecus

indicus/
Ramapithecus
punjabicus
Measurements:
Ml - corpus height: e.34 (Pilbeam et al. 1980)
M1 - corpus breadth: e.17 (Pilbeam et al. 1980)
M3 - corpus height: e.34 (Pilbeam et al. 1980)

M3 - cofpus breadth: e.24 (Pilbeam et al. 1980)

GSP 13165

v

"....consists of a right mandibular: corpus with p4 root

and crowns of all three molars. The inferior margin is

present from a little mesial to P4 to the mesial part of
B »

M2"  (Pilbeam et al. 1980:17)

Pilbeam et al. 1977 Sivapithecus
indicus




o 4 ) , 218

Pilbeam et al. 1980 Sivapithecus
indicus
, : 3
~ Kay 1982 Sivapithecus

indicus
Measurements? |
P4 - corpus breadth: 15 (Piibeam‘g& al. 1977)
Ml - corbus height: e.30 (Pilbeam et gl; 198b)
Ml - corpuf breadth: e.15 (Pilbeam et él; 195Q)

P4 - corpus height: 34 (Pilbeam et 1977) 1\

.

al.
®

.GSP 13566

N

-.consists of a portion of right mandibular Corpus

"

with M2 and M3" (Pilbeam et ak. 1980:36)

Pilbeanm et al. ' 1980 ° Sivapithecus

indicus %

Kay 1982 ' ‘Sivapithecus
' : / indicus -

~.

‘Measurements : ‘ '
M3 - corpus height: 24.5 (Pjilbeam et al. 1980)
: tal.

M3 - corpus breadth: 19.5 (Pilbeam et al. 1980)
] .

GSP 13808

h....conpists of four) mandibular fragments, probably

from one individual. One piece consists of tqe inferior

poftion of‘a mandibular corpus,. representing\some 14 of
i

the inferior border. 1t probably came from F specimen

with a shallow robust corpus. Another pieée preserves
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. e :
superior parts of.the right cogpus, and has parts of the

crowns of P33  and M1, and the broken roots -of p4"

(Pilbeam et -al. 1980:29)

Pilbeam et al. : 1980 Sivapithecus
T ' indicus/
Ramapithecus
pPunjabicus

Measurements: ‘ : \

"Ml - corpus breadth: ©.20 (Pilbeam et al. 198¢Q)

GSP 13875

--..Consists’ of - an edentulous mandible with right
corpus and symphysis to left distal P3. The right "
ascending ramus is gone. The roots of the right P3

thréuéh M2 and of the left P3, and the sockets of the .

canines and incisors are present (Pilbeam et al.
1980:17) ) . B
Pilbeam et al. - 1980 Sivapithecus
indicus/
'Ramapithecus
punjabicus
Measurements:

Symphysis breadtg>\%;\iPilbeam et al. 1980)

Symphysis height: 31.5 “(Pilbeam et al. 1980)

P4 - cOrpus_height; 26 (Pilbeam et al. 1980)

Ve

P4 - corpus breadth: 13.5 (Pilbeam et al. 1980)

M3 - corpus height (distal): e.23 (Pilbeam et al. 1980)

M3 - corpus breadth (distal): e.19 (Pilbeam et al. 1980)

e .
oy



GSP 14951

..consists of na right mandibular corpus with roots of

M1 through M3" (pilbean et al. 1980:37)

Pilbeam et al. ' 1980 Sivapithecus
indicus/
Ramapithecus

‘ punjabicus

Measurements ;

M3 - corpus height: 21.5 (Pilbeam et al. 1980)

M3 - corpus breadth: 16.5 (Pilbeam etal. 1980)

GSP 150

(T2

"...:adult, probably male, and consists of most of the
left sideﬂof the face including a small portion of the
frontal bone,ﬂ\ e 2Ygomatic arch and temporo-mandibular
joiné, ‘the maxilfla, a virtually eﬁfire mandible and the
complete aentitﬂon” (Pilbeam 1982:232) "Most of  the
mandiblé is presﬁnt, with some breakage, crushing, and
distortion. Thﬂ main damage is at the symphysis where
'breaking-and cgpéhing to the left of the midline obscure
- some detail. THere is internal longitudinal crushing of
both corpora, with aséociated flattening of their
inferior border. The left ascending ramus is virtually
‘entire éxcept for the. angle, the coronoid'process, and

part‘of the condyles; on the right the ascending ramus 1is

less complete, although the angle is present. Overall,



Tt TytreMowvopeLLT accurate  reconstruction”,

(P bean and smith 1981:4)
P E b and Smith - - '1981 - Sivapithecus
‘ . ~indicus
lﬂl}anl " i982 Slvaplthecus
- indicus’
‘ (Male)
Preuss 1%82 - Sivapithecus
: -indicus
Kay ‘ . _ 1982 Sivapithecus
. : y , indicus - .
Kay and Simons’ Y 1983 v Sivapithecus

indicus

Moasurements:
\

P4 - corpus height: 37 KPilbéé% 1982;
' Pilbeam and Smith 1981
Preuss 1982)

L

P4 - corpus breadth: 16 (Pilbqam 1982:%
o Pilbeam dnd Smith 1981)
AV

j :k 14.3 (Preuss 1982)
M3 - corpus height: 34 (Pilpean 1982;
co, . Pilbeam and Smith 1981
: ' Preuss 1982)

M3, - corpus bréadth: 28.5 (Pilbeam 1982;

Pilbeam and Smith 1981%

26.7 (Preuss 1982)
Ramus ‘height: 108 (Pilbeam 1982;
Pllbeam and’ Smith 1981)

A

Ramus width: 60 (Pllbeam 1982;
Pllbeam and Smith 1981) 4 Y

4

Sirrhysis Neight: e.42 (Pllbeam‘1982,
Pilbeam and Smith 1981)

>

~ e.44 (Preuss,l982)

S

N
\

g ¢

Ve



Symphysis breadth: e.20 (Pilbeam 1982;
| Pilbeam and Smith 1981)
e.21 (Preuss 1982)
N v
Mandibular 1ength,("horiéonbwhﬁdistance from most
anterior point to posterior border of ramus"

® Preuss 1982:148):)e.130 (Preuss 1982)

GSP 15397

"The specimen is an edentulous left mandibular corpus,
broken in the region of I2....details of the symphyseal
regign ~are lost, and there is damage to the alveolar

region" (Pilbeam et al. 1980:38)

&

Pilbeam et al. ' 1980 . Sivapithecus
indicus/
- Ramapithecus
punjabicus
Measuremehts :

P4 - corpus height: .29 (Pilbeam et al. 1980)
P4 - corpus breadth: e.13.5 (Pilbean et al. 1980)
M3 - corpus height: e.28.5 (Pilbeam et al. 1980)

M3 - corpus breadth: e.14 (Pilbeam et al. 1980)

GSP 15629

....Consists of a symphyseal fragment with the sockets

Al

of the canines, incisors, and righ* P3, and the right P4

© .

root"™ (Pilbeam et al. 1980:38)

4 Pilbeam et al. 1980 Sivapithecus
' indicus/

~Ramapithecus
; , ‘punijabicus



Measurements :

Symphysis height: e.35,(Pi1beam et ai.'1980),

o Symphysis breadth: e.18 (Pilbeam et al. 1980)

f

GSP 16077

r
]

"o left Corpus complete from midline to "Ehird.-~ molar"

(Raza et al. 1983:52)

-

Kay - R 1982 Sivapithecus
: b . - sivalensi's

Raza et al. e 1983 . Ramapithecus
' : T " punjabicus

-Measurements :

2

M3 - corpﬁs height: 19.8 (Raza et

1983)

al
M3 - corpus. breadth: 22.5 (Raza e al. 1983)
1

. P3 - corpus height: 26.5 (Raza et a

1983) .

v

P3 - corpus breadth: 13.7 (Raza et al: 1983y

GSP 17125

RN

"....right corpus, brbken obliquely through ' the

‘symphys;s,. lacking the tooth ¢rowns but with the roots

of the canine to the thirg molar" - (Raza et al. 1983:52)
Raza et al. - - ' 1983 Sivapithecus

A

indicus ?

Measurements: ’ ‘ 5

M3 - corpus height: 30.6 (Raza et al. 1983),
M3 - corpus breadth: 24.7 (Raza gﬁ al. 1983)

S

o



P3 - corpus height: 38.5 (Raza et al. 1983)

P3 - corpus breadth: 16.2 (Raza et al. 1983)

ONGC V 790

—_—_— L L2

.a broken right‘ramus-which has been regarded as the

‘holotype. It  extenus from very near rhe symphysis to

slightly behind Ml whereupon the teet™ are Situated

without any dlastema At the front end of the mandlble

a deep scraplng has - removed a con51derab1e part, \leaving

-

the hlnder end of the alveolus of 1ast,ihcisor (I2) and

damaging the antero-external part of the canine root.
The |, crown of canine is missing. The crown of P3 has

been broken away and. in P4 ‘it is ihtact.‘ The{ enamel,

however, in the latter was not preserved a11 over the

crown except at the postero internal corner:s but the

dentine ' is fully preserved without any damage and: - the
shape of the crown can be easily made out. The crown- of
M1 vlacke enamel on the 11ngua1 side‘ The “dentine,
however, is nearlv undamaged and the cusps can’ be‘ea511y
ascertained. A deep vertlcal fracture dellmlts nearly
the whole of the mandlble behind Ml,'except in the basal

3

portion, where av part. of ramus opposite ‘to' M2 is

preserveé due to the slant nature of the above mentioned

fracture." (Pandey and Sastri 1968:207)

Pandey and Sastri - 1968 Sivapithecus
: : lewisi

AL ]



Prasad

Andrews and Tckkaya

Prasad

Szalay and Delson

Kay

Prasad

a

Kay/Simons

Prasad (pers. comm.)

\

partly oroken 1nc1sors, a canine and the isolated lower

Measurements:

P4 — corpus bréadth (maximum):
P4 - corpus height (maximum):
"Ml - corpus breadth (maximum) :
Ml - cofpus'height (maximum) :
M2 - corpus hei ght (maximum) :
PUA-1047-69

"The

[left] mandlbular fragment con51st1ng of

‘left MI" (Chopra ivi&:4)

1969 .
;

Sivapithecus

. indicus

1976

1977

1979

1982

1983

1983,

1984

19

42 (Pandey and Sastri

20

®

37.5

35 (Pandey and Sastrl_

(Pandey and: Sastrl

Dryopithecus
indicus

Sivapithecus

Sivapithecus

indicus -

Sivapithecus
indicus

Sivapithecus

indicus

Sivapithecus
indicus

Sivapithecus
indicus

1968) e

1968)

(Pandey and Sastrl

1968)

(Pandey and Sastrl

1968)

1968)

ARY

\

P3, -

P4
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Chopra and Kaul 1975
Chopra , ' 1978,
Kay o 1982
Chopra: . . 1983

Measureménts:

P3 - corpus height (left side): 33.5 (Chopra 1983;
- < Chopra and Kaul'

Dryopithecus
sivalensis
Dryopithecus
sivValensis

Sivapithecus

S1lvalensis

Sivapithecusa

sivalensis

1975)

P4 - corpus‘height (left side): 32.2‘(Chopra 1983;

Chopra and Kaul
1975)

Symphysis height: 40.4 (Chopra and Kau1‘1975)

Symphysisfbreadth: 15.9 (Cﬁopra and Kaul 1975)

YPM 13811 (cast no. GSI D 294)

adult) and probably female lower jaw, with three perfect
\ ‘ | ; ”
“teeth (pM2, MY, M2) the whole roots of three others (C

. PM1; M3), and a small portion of the root of the lateral

incisor" (Hrdlicka 1935:37) ,
Lewis . 1934
Lewis , 1937
.Wadia and Aiyengar . 1938

«...imperfect left corpus of a young adult (or nearly

Sugrivapithecus

salmontanus

Sugrivapithecus

salmontanus.

Sugrivapithecﬁs

salmontanus
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Simons and Pilbeam 1965 Dryopithecus _
‘ sivalensis
(Female)
Pilbeam : 1969b Dryopithecus
- (Sivapithecus)

sivalensis

Chopra and Kaul , 1975 Dryopifhecus
, sivalensis

‘Creenfield 1977 Sivapithecus
: : sivalensis

Greenfield ' 1978 ‘ 'Sivapithecus

sivalensis
(Female)
"Greenfielqd 1979 Sivapithecus
sivalensis
(Female)
“Kay 1982 Sivapithecus
: sivalensis
Prasad _ 1983 Sivapithecus
‘ : ; Sp. indet.
Kay/Simons k 1983 - SiVapithécus

sivalensis
- Measurements: .
Symphysis breadth (maximum): 13.6. (Hrdlicka 1935)
Ml - corpus height: 25.6 (Simons andiPilbeah'L965)
P4 - corpus height: 26 (Pilbeam 1969b)
P4 - Corpus breadth: 11.5 (Pilbeam 1969b)

M1l - corpué breadth (middle of tooth): 13 ‘
' : — ' : (Hrdlicka 1935)

M2 - corpus breadth (middle of tooth): 16
’ (Hrdlicka 1935)
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M3 - corpus breadth (middle of "tooth): 19
‘ (Hrdlicka 1935)"

18.6

(Simons ‘and Pilbeam
1965) ‘

YPM 13814 (cast no. GSI D «295)
"The left ramus bearing M3, M2, the alveolus and roots
of M1, and a portion of the alveolus and root of pg"

(Lewis 1934:173)

Lewis S B 1934 Bramapithecus
' thorpei

Lewis 1937 Bramapithecus
SRR ‘ thorpei

Wadia and Aiyengar , 1938 Bramapithecus
i \i\ ' 4 thorpei

Simons 1964 Ramapithecus

punjabicus

Simons and Pilbeam 1965 . Ramapithecus

punjabicus
Prasad ' ) 1969 Ramapithecus

: punjabicus
‘Pilbeam 1969b Ramapithecus

A punjabicus
Greenfield : : 1977 Sivapithecus
brevirostris
Greenfield ' 1979 Sivapithecus

brevirostris-

Kay ’ ' 1982 Sivapithecus
, , sivalensis

Prasad ' " 1983 Ramapithecus
‘ punjabicus
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Measurements:

P4 - corpus height: 27.5 (Pilbeam 1969b)

P4 - corpus breadth: 12.5 (Pilbeam 1969b)

N
v )






