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ABSTRACT Two analyses conclude that Sts 19 cannot be accommodated
within the Australopithecus africanus hypodigm (Kimbel and Rak [1993] In
Kimbel and Martin [eds.]: Species, Species Concepts, and Primate Evolution. New
York: Plenum, pp. 461–484; Sarmiento [1993] Am. J. Phys. Anthropol. [Suppl.]
16:173). Both studies exclude Sts 19 because it possesses synapomorphies with
Homo. Furthermore, according to Kimbel and Rak (1993), including Sts 19 in A.
africanus results in an unacceptably high degree of polymorphism.

This study aims to refute the null hypothesis that Sts 19 belongs to A.
africanus. Twelve basicranial characters, as defined and implemented in
Kimbel and Rak’s study, were scored for casts of seven A. africanus and seven
Homo habilis basicranial specimens. These characters were also examined on
specimens from a large (N 5 87) sample of African pongids. Contrary to
Kimbel and Rak’s (1993) findings, the null hypothesis is not refuted. The
degree of polymorphism among A. africanus with Sts 19 included is less than
that seen in Pan troglodytes. In addition, Sts 19 shares only one apomorphy
with Homo. However, when treated metrically, Sts 19’s morphology for this
character is not significantly divergent from other A. africanus specimens. Am
J Phys Anthropol 105:461–480, 1998. r 1998 Wiley-Liss, Inc.

In recent years many researchers have
questioned the validity of Australopithecus
africanus as a distinct taxon (e.g., Clarke,
1988; Kimbel and White, 1988; Kimbel and
Rak, 1993; Sarmiento, 1993). Unlike some
earlier critiques of the taxon that saw it as
encompassing too little variation (e.g., To-
bias, 1980; Wolpoff, 1971a), recent analyses
claim that A. africanus encompasses more
than one species. Most of the debate sur-
rounding variation in A. africanus has dealt
with the specimens from Sterkfontein Mem-
bers 4 and 5. Clarke (1988) posits that the
Member 4 specimen Stw 252 represents a
second species, one that is directly ancestral
to Australopithecus robustus. Hughs and
Tobias (1977) and Clarke (1985) assign Stw
53 to Homo, which is Member 5 or older in
age (Clarke, 1994; Kuman, 1994).

Clarke (1977) originally suggested that
the Member 4 basicranial specimen, Sts 19,
may represent the genus Homo. This inter-
pretation has been supported by both
Sarmiento (1993) and Kimbel and Rak
(1993). Sarmiento (1993) contends that Sts
19 shares affinities with both Homo and A.
robustus. Kimbel and Rak (1993) argue that
Sts 19 can be clearly linked to Homo, because it
possesses synapomorphies and symplesiomor-
phies with Homo habilis to the exclusion of A.
africanus. Furthermore, they posit that includ-
ing Sts 19 in A. africanus results in an unaccept-
ably high degree of polymorphism.
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These interpretations are in contrast with
those of the original describers of the Sterk-
fontein material and many more recent
analyses. Broom and Robinson (1950), who
saw the Sterkfontein specimens as a sepa-
rate genus from Taung, believed that all of
the Sterkfontein Member 4 material be-
longed to the same species, Plesianthropus
transvaalensis. They recognized some ‘‘de-
rived’’ features (e.g., a shortened cranial
base) on Sts 19 (their Skull #8), but felt
content to include it with the rest of the
Member 4 specimens. Holloway (1970, 1973)
reported an estimated cranial capacity of
436 cm3, based solely upon the Sts 19 basicra-
nium (the Sts 58 parietals which Broom and
Robinson associated with Sts 19 were not
used for this estimate). Such a cranial capac-
ity falls well within the range of A. africanus
and out of the range of H. habilis. More
recently, Dean and Wood (1982) in a metric
study of Plio-Pleistocene basicrania con-
cluded that Sts 19 can be accommodated
within A. africanus. They support Clarke’s
(1977) second explanation of Sts 19: that the
marked differences between it and Sts 5
merely indicate that A. africanus was a
highly variable species.

The apparent change in Sts 19’s designa-
tion stems from the recent increase in inter-
est about species concepts and their applica-
tion to paleoanthropology (as demonstrated
by the volume edited by Kimbel and Martin,
1993). Species concepts of the past 50 years
have attempted to address the ontological
short-comings of Mayr’s (1957) Biological
Species Concept. Specifically, Biological Spe-
cies are static units having only a spatial
dimension. Thus they are not comparable to
phyletic lineages which have both spatial
and temporal dimensions. The traditional
approach in paleoanthropology has been to
make arbitrary divisions of lineages into
chronospecies (e.g., Brace, 1988; Gingerich,
1984; Rose and Bown, 1993). Although such
arbitrary divisions are intended to be compa-
rable to biological species, they are not dis-
crete biological units. While some alterna-
tive species concepts have sunk multiple
hominid chronospecies into a single lineage-
species (e.g., Wolpoff et al., 1994), others
have actually split up traditional hominid
taxa. The Phylogenetic Species Concept,

which theoretically recognizes the minimum
diagnosable biological unit, has been particu-
larly proficient at dividing traditional spe-
cies (e.g., Kimbel, 1991; Kimbel and Rak,
1993; Tattersall, 1986, 1992, 1994). Cracraft
defines a phylogenetic species as one that ‘‘is
an irreducible cluster of organisms, diagnos-
ably distinct from other such clusters, and
within which there is a parental pattern of
ancestry and descent’’ (1989:34–35). Thus
one or more autapomorphies and/or a unique
pattern of synapomorphies and plesiomor-
phies define a species.

Kimbel and Rak’s (1993) application of the
Phylogenetic Species Concept to specimens
attributed to A. africanus results in the
recognition of two species. Although others
have addressed the inherent shortcomings
of this species concept (e.g., Ereshefsky, 1989;
Mayden, 1997; Mayden and Wood, 1995;
Rose and Bown, 1993; Wolpoff, 1994, 1996),
this study focuses specifically on the inconsis-
tencies in its application to variation in A.
africanus. This study attempts to replicate
Kimbel and Rak’s (1993) results using their
characters and character states, a compa-
rable hominid sample, and a large sample of
the two pongid species used in their study.
The null hypothesis that Sts 19 can be
accommodated within the A. africanus hy-
podigm is tested.

MATERIALS

Kimbel and Rak’s (1993) conclusion that
Sts 19 represents a separate species is based
entirely upon basicranial characters. In this
study, 12 characters, as defined by Kimbel
and Rak (1993), were examined on crania
from four species: Gorilla gorilla, Pan tro-
glodytes, A. africanus, and H. habilis. The
pongid samples (Appendix A), which were
used as the outgroups in this analysis, con-
sisted of 87 specimens from the collections of
the Cleveland Museum of Natural History,
the American Museum of Natural History,
and the Paleoanthropology Laboratory of
the University of Michigan. Sex of the speci-
mens was based on the specimen files cor-
roborated by the author’s own observations.
Among the Pan sample, 26 specimens were
male and 22 were female. Nineteen Gorilla
specimens were male and 20 were female.
Only dentally adult individuals (those with
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M3 in occlusion) were used in the character
state analysis, although juveniles and sub-
adults were examined to establish the ontog-
eny of certain character states. Kimbel and
Rak (1993) did not provide sizes or consisten-
cies of their Pan and Gorilla samples, which
were from the Hamann-Todd collection of
the Cleveland Museum of Natural History.

Table 1 lists the hominid sample. The A.
africanus sample differs from that used by
Kimbel and Rak (1993) in that casts of Sts
25 and Stw 266 were not available for study.
Although Kimbel and Rak (1993) included
the Taung endocast in their sample, it was
excluded from the character state analysis
in this study because of its young age and
because the available casts only exhibited
two of the 12 characters used in this study.
However, Taung was examined to investi-
gate Eustachian process (character 11) onto-
genetic variation in A. africanus. Finally,
Stw 505 was included here since it preserves
most of the glenoid fossa characters used in
this study and shares many similarities in
facial anatomy with the other Member 4
specimens. It was not included in Kimbel
and Rak’s (1993) analysis.

Choosing specimens appropriate for a H.
habilis sample was exceedingly difficult,
since the composition of this hypodigm is
still the focus of considerable debate (e.g.,
Wood, 1993; Kramer et al., 1995). The H.
habilis sample was modeled after that used
by Kimbel and Rak (Kimbel, pers. comm.).
Two specimens used by Kimbel and Rak
(1993) were not examined in this study:

KNM-ER 3735d and OH 16. The KNM-ER
3735d temporal was not included in the H.
habilis sample since it was not available for
study. Furthermore, none of the characters
used in this study were apparent on the
National Museums of Kenya cast of OH 16,
although the original specimen does pre-
serve the glenoid region. One specimen, SK
847, was included in this study’s H. habilis
sample but was excluded in the Kimbel and
Rak (1993) study. This specimen has been
classified as a female robust australopithe-
cine (Wolpoff, 1971b) and as Homo erectus
(Clarke, 1977). However, Grine et al. (1993)
have convincingly shown that SK 847 does
not share affinities with either of these
groups, but rather should be classified as H.
habilis, a classification earlier posited by
Howell (1978). Another specimen, Stw 53,
that was used in both this study and by
Kimbel and Rak (1993) is of unclear taxo-
nomic affinity. Although Wolpoff (1996) clas-
sifies Stw 53 as late A. africanus, Hughs and
Tobias (1977), Clarke (1985), and Kimbel
and Rak (1993) place it in Homo habilis.

METHODS
Characters and character states

Twelve characters with a total of 27 char-
acter states were used in this analysis follow-
ing Kimbel and Rak (1993) (Table 2). When
scoring characters, consistency with Kimbel
and Rak’s definitions was attempted. How-
ever, many of their character states are
ambiguous. Thus a thorough exposition of
character and character state definitions is
necessary.

Character 1: Inclination of the tym-
panic. This character describes the orien-
tation of the tympanic plate. Kimbel and
Rak (1993) define the states for this charac-
ter as horizontal, inclined, and vertical with
no distinct definition for each category. Al-
though such unclear definitions are practi-
cal when there are clear clusters of morpholo-
gies, they are difficult to apply when a
morphology has continuous variation. As
shown in Figure 1, when this character is
treated as an angle between the middle
portion of the tympanic plate and a trans-
verse plane, no clear categories of inclina-
tion are apparent and certainly none that

TABLE 1. The hominid samples1

Taxon Site Specimen

Australopithecus africanus Makapansgat MLD 37/38
Sterkfontein Sts 5

Sts 71
Stw 505
TM 1511

Homo habilis Koobi Fora ER 1813
ER 3891

Olduvai OH 13
OH 24

Omo L. 894-1
Sterkfontein Stw 53
Swartkrans SK 847

In question Sterkfontein Sts 19
1 All but one of the hominid specimens were examined as casts
housed in the Paleoanthropology Laboratory of the University of
Michigan. Omo L. 894-1 was examined at the Cleveland Museum
of Natural History.
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distinguish taxa. The middle portion of the
tympanic is defined here as lying between
parasagittal lines drawn through the en-
toglenoid process, laterally, and the postgle-
noid process, medially. In this study, the
states for character 1 were arbitrarily de-
fined as 0—horizontal (0°–30°), 1—inclined
(30.1°–60°), and 2—vertical (60.1°–90°1)
(Table 2).

For all of the pongid specimens and a
portion of the hominids, the occlusal plane
was used as the transverse plane for mea-
surement of tympanic inclination. For some
of the hominids, the occlusal plane had to be
approximated from either preserved denti-
tion or from the alveolar plane. Further-
more, all of the hominids and a representa-
tive sample of pongids (N 5 12) were seriated

for tympanic inclination. For the seriation,
specimens were aligned with each other
based upon structures surrounding the tym-
panic (e.g., external auditory meatus, en-
toglenoid process, posterior zygomatic pro-
cess, posterior maxillary margins) as well as
the occlusal and alveolar planes. In this
manner, the isolated glenoid specimens
KNM-ER 3891 and OH 13 could be effec-
tively scored since both clearly clustered
with other specimens. The specimen in ques-
tion, Sts 19, preserves only most of the left
M3 with a limited portion of alveolus. Thus,
measurement of the tympanic angle was
only approximated. However, this combined
with Sts 19’s placement in the seriation
clearly demarcates it as having an inclined
tympanic, state 1.

Character 2: Relation of the postglenoid
process to the tympanic plate. As de-
fined by Kimbel and Rak (1993), the states
for this character are 0—the postglenoid
process (PGP) lies anterior to the tympanic,
and 1—the PGP merges with the tympanic
superiorly. Variation within the pongids was
actually greater than allowed for by these
distinctions. Four variations were originally
identified in this study: 1) the PGP lies
completely anterior to the tympanic, sepa-
rated by a groove, the recessus fossae man-
dibulae (e.g., Sts 5); 2) the PGP is separated
superomedially and laterally from the tym-

TABLE 2. Character and character state definitions1

Character State

1. Inclination of the tym-
panic plate relative to
the occlusal plane

0: Horizontal (0°–30°)
1: Inclined (30.1°–60°)
2: Vertical (60.1°–901°)

2. Relationship of the
postglenoid process
(PGP) to the tympanic
plate

0: PGP lies anterior
1: PGP merges with the

tympanic superiorly

3. PGP size 0: Large
1: Reduced or completely

merged with the tym-
panic plate

4. Petrous crest 0: Absent
1: Weak
2: Moderate
3: Strong

5. Vaginal process 0: Absent
1: Present

6. Mastoid fissure 0: Open laterally
1: Closed laterally

7. Orientation of petrous
relative to the sagittal
plane

0: More sagittally oriented
1: More coronally oriented

8. Preglenoid plane 0: Horizontal and extensive
1: Vertical or very inclined

and restricted
9. Relationship of the

foramen ovale (FO) to
the lateral pterygoid
plate (LPP)

0: FO indents LPP
1: FO lies posterior to LPP

10. LPP shape when
viewed laterally

0: Triangular; long base,
superiorly

1: Rectangular or irregular;
abbreviated base

11. Eustachian process 0: Absent
1: Present

12. Orientation of the
medial aspect of the
tympanic plate (not
including Eustachian
process)

0: Faces inferiorly
1: Faces anteroinferiorly

1 See text for detailed character state definitions.

Fig. 1. Sample ranges and individual hominid plots
for deviation of the tympanic plate from the occlusal
plane (in degrees). When character 1 is treated as a
continuous metric variable, no clear divisions into char-
acter states are evident nor are there distinct separa-
tions between taxa. The recent human sample consists
of five recent Filipino crania and two recent Inuit crania
from the collections of the Paleoanthropology Labora-
tory, University of Michigan.
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panic but joins with it centrally (e.g., many
of the pongids); 3) the PGP is separated
superolaterally from the tympanic but joins
with the tympanic superomedially (e.g., Sts
19, MLD 37/38); and 4) the PGP is com-
pletely part of the tympanic plate, although
the squamotympanic fissure may be observ-
able (e.g., most recent humans and SK 847).
In order to remain consistent with Kimbel
and Rak’s scoring, the specimens with the
latter two variations were scored as having
a PGP that merges superiorly with the
tympanic (state 1), while specimens exhibit-
ing either of the first two variations were
assigned to state 0, PGP anterior to the
tympanic.

Character 3: Postglenoid process size.
When comparing anatomical structures, size
differences can be difficult to delineate into
categories. More fundamental than the prob-
lem of having to demarcate character state
boundaries for something that possibly has
continuous variation is the difficulty in defin-
ing what exactly is meant by ‘‘size’’ itself.
Postglenoid process anteroposterior, medio-
lateral, and inferosuperior dimensions all
vary between individuals and between taxa.
These dimensions vary on the same process
since the structure is not rectangular in
shape. Furthermore, gross comparisons of
structural size do not account for variations
in body size.

In this study, size was represented as the
inferior projection of the postglenoid process
relative to the inferior projections of the
preglenoid plane, the external auditory me-
atus and the tympanic. Viewed in normal
lateralis, five variations were originally de-
lineated among the pongid samples and a
small sample of recent Filipino crania
(N 5 10): 1) the PGP projects below the
inferolateral margin of the tympanic, 2) the
PGP projects below the external auditory
meatus but not inferior to the inferolateral
margin of the tympanic, 3) the PGP projects
below the level of the articular tubercle but
not below the auditory meatus, 4) the PGP
does not project below the level of the articu-
lar tubercle, and 5) the PGP is either absent
or is indistinguishable from the tympanic
plate. The first three of these variations
were collapsed into the ‘‘large PGP’’ charac-

ter state used by Kimbel and Rak (1993), while
the last two were collapsed into their ‘‘reduced
postglenoid process’’ character state.

Character 4: Petrous crest development.
The petrous crest forms the inferior margin
of the tympanic plate. As discussed with
character 5, petrous crest and vaginal pro-
cess development are closely linked. Al-
though this association may justify collaps-
ing them into a single character, the two
were left separate in order to be consistent
with Kimbel and Rak’s (1993) methodology.

According to Weidenreich (1943), all of the
large-bodied apes exhibit petrous crests, al-
though Kimbel and Rak (1993) report that
Pan and Gorilla lack such a structure. Both
petrous crests and the vaginal process por-
tion of the petrous crest were observed on
the African pongids examined in this study.
Aside from size differences, the petrous crests
of African pongids examined in this study
varied in the following ways: 1) no crest-like
development of the inferior tympanic mar-
gin (most common in Pan), 2) a petrous crest
that is either uniform in size or only gradu-
ally increases in size from lateral to medial,
3) a petrous crest that exhibits an enlarge-
ment anterior to the apparent styloid pit, and
4) no petrous crest development other than
that seen just anterior to the styloid pit.

Of the specimens assigned to A. africanus,
Sts 19 and Sts 5 clearly possess petrous
crests that begin laterally at a point just
medial to their mastoid processes. The left
inferior tympanic margin of Sts 5 appears to
be eroded away, while only the lateral por-
tion of the right petrous crest is preserved.
The right petrous crest of Sts 5 increases in
size from lateral to medial and at the point
of its medial break is indistinguishable from
that possessed by Sts 19 at that point. On
Sts 19, the crest continues medially as an
enlarged lip that lies anterior to the styloid
pit. This enlarged portion of the petrous
crest is slightly concave on its posterior
surface. MLD 37/38 lacks a petrous crest
except a small, rounded crest that forms the
anterior margin of the styloid pit. Stw 505
exhibits a particularly rugose petrous crest,
but lacks any enlargement in the region of
the styloid pit.
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For petrous crest development, four states
were used: 0—absent, 1—weak, 2—moder-
ate, and 3—strong. Specimens, such as MLD
37/38, whose crest development was limited
to the styloid region were scored as lacking a
petrous crest. Specimens with posteroinferi-
orly rounded-off tympanics were also scored
as lacking petrous crests. Hominid speci-
mens that exhibited a petrous crest were
seriated by overall size and rugosity and
divided into states 1 through 3. The pongids
were then placed within this seriation rela-
tive to the morphologies exhibited by the
hominids.

Character 5: The vaginal process. There
appears to be much disagreement over an
exact definition of the vaginal process. Wol-
poff (1996:444) refers to it as a ‘‘small project-
ing open cylinder. Inside it rests a long spur
of bone called the styloid process.’’According
to Schwartz (1995:66): ‘‘On the other side of
the styloid process is another crest of bone—
the vaginal process—which appears to di-
verge from the crestlike edge of the external
acoustic meatus.’’

In the Sinanthropus cranial monograph,
Weidenreich clearly recognizes the vaginal
process as a transformation of a portion of
the petrous crest in response to the presence
of the styloid process:

In modern man the (styloid) process rises behind the
free border of the tympanic plate and presses it forward.
In numerous cases the plate itself grows thicker where
the process leans against it, and produces irregular
projections which more or less surround the process,
particularly on the medial side. This transformation of
the tympanic plate has been termed ‘‘vagina processus
styloidei.’’ (1943:59)

This definition of the vaginal process, ‘‘irregu-
lar projections that more or less surround
the process’’ (emphasis added), is the defini-
tion that he has in mind when he states,
‘‘Therefore, even if a styloid process is devel-
oped in anthropoids, in no instance does it
come into close connection with the crista
petrosa nor is the latter transformed into a
vagina as is true in man’’ (Weidenreich,
1943:59). That the styloid process is present,
albeit frequently unfused, among the great
apes has most recently been established by
Dean (1984). Contrary to Weidenreich, the
styloid pits of many of the pongids examined

in this present study lay close in association
with the petrous crest. Gorillas and, accord-
ing to Weidenreich (1951), the Ngandong
and Zhoukoudian crania exhibit strong ‘‘spi-
nae crista petrosa’’ that lie in close associa-
tion with the styloid pit. This spine bears an
indentation on its posterolateral surface for
the passage of the styloid process. Thus, the
petrosal spine appears to be an elaborated
vaginal process, although it does not fully
envelope the base of the styloid process or
the styloid pit. If such envelopment is used
to identify the vaginal process, then not a
single pongid, A. africanus specimen, or Sts
19 possesses a vaginal process. Sts 19 merely
exhibits an enlargement of the petrous crest
anterior to the styloid pit with a slight
concavity on its posterior surface. In this
study, the only specimen that comes close to
exhibiting a transformation of the petrous
crest that surrounds the styloid process is
Stw 53. Since Kimbel and Rak scored Sts 19
and all of the Homo specimens as having
vaginal processes, they clearly did not use
Weidenreich’s (1943) definition.

Definitional confusions aside, Sts 19’s con-
dition was used as the model for exhibiting a
vaginal process in order to remain consis-
tent with Kimbel and Rak’s (1993) scoring of
the specimen for this character. As on Sts 19,
an enlargement of the petrous crest, either
with or without a clear posterior concavity
and in clear association with the styloid pit,
was found among the pongid specimens and
on at least one of the A. africanus specimens,
MLD 37/38. MLD 37/38 lacks a petrous crest
except a small, rounded crest that forms the
anterior margin of the styloid pit. It is this
cresting that is here identified as a vaginal
process. That such a structure was present
on Sts 5 is indicated by the fact that at its
medial break, the right petrous crest of Sts 5
is as developed as and is otherwise similar to
that exhibited by Sts 19. The left side is too
eroded to exhibit such anatomy. Stw 505
exhibits a petrous crest that is enlarged for
its entire length, including the portion lying
anterior to the styloid pit. No other A. africa-
nus specimens available for study preserved
this anatomy. Among the H. habilis sample,
the three specimens that preserve this re-
gion all exhibit vaginal processes. OH 24
possesses one similar to Sts 19. SK 847 ex-
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hibits a slight enlargement of the petrous
crest anterior to the styloid pit. Although
this makes it superficially like Sts 19, the
extremely vertical nature of the tympanic
and the thinness of the petrous crest make
SK 847 clearly different from the Sterkfon-
tein specimen. As stated above, Stw 53’s
vaginal process is the most enveloping of all
of the specimens in this study.

For character 5, vaginal process presence
or absence, all specimens that exhibited an
enlargement of the petrous crest at the
styloid region (e.g., Sts 19), petrous crests
that were limited to the styloid region (e.g.,
MLD 37/38), or transformations of the pe-
trous crest that enveloped the base of the
styloid (e.g., Stw 53) were scored as possess-
ing vaginal processes (state 1). An enlarge-
ment of the petrous crest limited to the
styloid region and a petrous crest that is
limited to the styloid region are posited here
as homologous structures formed in reaction
to the same functional requirements. Speci-
mens that preserved the styloid region but
lacked any of the above three criteria were
scored as lacking vaginal processes (state 0).

Character 6: The mastoid fissure. This
character describes whether or not the pe-
trous crest and the mastoid connect laterally
so as to prohibit a lateral extension of the
mastoid fissure behind the external audi-
tory meatus. Three primary variations were
originally identified among the pongid and
hominid samples in this study: 1) the mas-
toid fissure extends superolaterally as a
groove until directly posterior to the exter-
nal auditory meatus (e.g., most of the
pongids); 2) the mastoid fissure is partially
open laterally and does not extend superi-
orly behind the external auditory meatus
(e.g., Sts 5); and 3) the mastoid fissure is
closed laterally by the petrous crest which
closes with the mastoid process rather than
continuing with the path of the tympanic
(e.g., Sts 19). Following the two states used
by Kimbel and Rak (1993), the first two
variations were collapsed into character state
0, mastoid fissure open laterally, while the
last variation was recognized as character
state 1, mastoid fissure closed laterally.

Character 7: Orientation of the petrous
portion of the temporal. Two character
states were recognized in this study and in
that of Kimbel and Rak (1993). Compared to
living African apes, modern humans have a
petrosal pyramid that is more coronally
oriented. Pongids exhibit petrosals that are
sharply bent at or near the carotid foramen
(Weidenreich, 1943). The portion of the petro-
sal superior and posterior to the tympanic in
apes is oriented much more coronally than
the comparable section in modern humans.
The petrous pyramid of apes is sharply bent
away from the posterolateral petrosal and
runs almost parallel to the sagittal plane
(Weidenreich, 1943). Rather than defining
the orientation of the pyramid portion rela-
tive to the rest of the petrous, character 7
demarcates the divergence of the pyramid
portion alone from the sagittal plane. Kim-
bel and Rak (1993) do not define exactly
what portion of the petrosal they are discuss-
ing. However, the scoring that they provide
indicates that they are referring to the pyrami-
dal portion. They report that all of their pongids
exhibited sagittally oriented petrosals.

The angle formed by the juncture of the
sagittal plane and a line drawn through the
carotid foramen and the pyramidal apex
was measured on a subset of the pongids
and all of the measurable hominid speci-
mens. Summary statistics are given in Table
3. The angle of the only H. habilis specimen
that was measurable, Stw 53, was used to
demarcate the ‘‘more coronally oriented’’ cat-
egory, character state 1. Specimens exhibit-
ing more acute angles were categorized as
having ‘‘sagittally oriented’’ petrous pyra-
mids, character state 0. A plastic jig demar-
cating the boundary between sagittal and
coronal orientations was used to score the
pongids that were not measured directly.

Character 8: The preglenoid plane.
This character describes the morphology of
the preglenoid plane. Specimens clustered
into three distinct groups: pongids (very
extensive and horizontal), A. africanus and
Sts 19 (moderately horizontal and exten-
sive), and the H. habilis specimens (steep
and restricted). Following Kimbel and Rak
(1993), two character states were recog-
nized. The first two variations were col-
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lapsed into character state 0, the preglenoid
plane is horizontal and extensive, while the
habiline variation was assigned state 1, the
preglenoid plane is restricted anteroposteri-
orly and is steep.

Character 9: Relationship of the fora-
men ovale to the lateral pterygoid pro-
cess. The states for this character as pro-
vided by Kimbel and Rak (1993) are not
mutually exclusive, and were thus difficult
to apply. The two states are: 0—foramen
ovale indents the lateral pterygoid plate,
and 1—foramen ovale lies posterior to the
lateral pterygoid. In some specimens exam-
ined in this study, the foramen ovale indents
the posterior lip of the lateral pterygoid
plate. Thus the foramen is both behind the
plate and is indenting it. Such an enigmatic
condition is present on Sts 19. In order to
remain consistent with Kimbel and Rak’s
(1993) scoring of this specimen, its morphol-
ogy served as the baseline for scoring the
foramen ovale as posterior to the lateral
pterygoid plate (state 0).

Character 10: Shape of the lateral ptery-
goid plate. Three variations were origi-
nally discerned among the pongids and
hominids in this study: 1) the lateral ptery-
goid process (LPP) is triangular in shape in
norma lateralis and exhibits a long base,
superiorly; 2) the LPP is irregular in shape
with a semi-abbreviated base, superiorly;
and 3) the LPP is rectangular or irregular in
shape with an abbreviated base, superiorly.
The last two variations were collapsed into
character state 1, while the first variation
was classified as state 0.

Scoring the hominid specimens for this
character was particularly difficult, since

none of them preserve an intact lateral
pterygoid plate. The middle one-third of the
posterior lateral pterygoid plate margin of
Sts 19 is broken away. Without this portion,
it is not readily possible to describe its
overall shape. Of the hominids used in this
study, Sts 5 and SK 847 best preserve the
lateral pterygoid plate. SK 847 clearly exhib-
its a plate that has an anteroposteriorly
short superior margin, and whose lower
two-thirds are mostly rectangular in shape.
Sts 5 exhibits clearly a triangular shaped
plate with a relatively long base, superiorly.
Using these two hominids as models, the
pongids and other hominids were scored as
effectively as possible.

Character 11: The Eustachian process.
When present, this structure forms the an-
teromedial-most point of the tympanic plate.
Its name was coined by Owen (1851) in his
description of osteological anatomy of the
chimpanzee, although it has been labeled
the ‘‘processes styliformes’’ by Van der
Klaauw (in Weidenreich, 1951), the ‘‘proces-
sus supratubalis’’ (Weidenreich, 1943:61),
and the ‘‘processus infratubarius’’ (Weiden-
reich, 1951:276). Dean (1985) provides a
review of the debate over this structure’s
function.

Unlike most of the other characters, this
character’s states could not reasonably be
modeled after its condition on Sts 19 as
reported by Kimbel and Rak (1993). Kimbel
and Rak (1993) report that Sts 19 does not
possess a Eustachian process, although it
does possess an analogous structure. Accord-
ing to Kimbel and Rak’s (1993) scoring, the
process exhibited by A. africanus (except Sts
19) is not homologous to the similar struc-
ture as seen in hominoids, many Homo
specimens (Weidenreich, 1943, 1951), and
most other mammals (Cave, 1979). How-
ever, Broom and Robinson (1950) clearly
describe the same process on Sts 19 as exists
on Sts 5, Pan basicrania, and recent hu-
mans. On Sts 5: ‘‘In front of the carotid
foramen there is a well developed process
passing, from the front side of the petrosal,
downwards, forwards and inwards. This ap-
parently is for the attachment of the levator
palati muscle’’ (Broom and Robinson, 1950:
21). On Sts 19: ‘‘There is a bony process

TABLE 3. Orientation of the petrous pyramid relative
to the sagittal plane: Summary statistics1

Sample Mean (SD) N C.V.

Gorilla gorilla 22.9° (3.6°) 11 15.57
Pan troglodytes 19.4° (2.5°) 17 12.87
Australopithecus africanus 33.3° (2.9°) 2 7.44
Australopithecus africanus

with Sts 19 34.5° (2.8°) 3 8.069
Sts 19 37° —
Homo habilis (Stw 53) 36° — —
Homo habilis with Sts 19 36.5° (0.707) 2 1.937
1 Measurement of the angle between the sagittal plane and a line
drawn through the carotid foramen and the apex of the petrous.
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apparently for the levator palati. The condi-
tion is almost exactly as seen in an Austra-
lian skull we have. But the condition is also
not unlike that seen in some chimpanzees’’
(Broom and Robinson, 1950:30). More re-
cently, Dean (1985) dissected the muscular
attachments of the process and concluded
that great apes, MLD 37/38, and Sts 5
closely resemble each other in this respect.
According to Weidenreich (1943, 1951), the
Eustachian process is found among both the
Zhoukoudian and Ngandong crania and ‘‘is a
characteristic formation in anthropoids . . .
where it attains considerable dimensions’’
(1943:61). Furthermore, according to Aiello
and Dean (1990:70): ‘‘Two club-like Eusta-
chian processes, similar to those typical of
African apes and not present on human
crania, are also prominent in Sts 5, MLD
37/38 (as well as on the cranium of TM 1517
the type specimen of P. robustus and H.
erectus described by Weidenreich [1943]).’’
Finally and most recently, Strait and col-
leagues (1997) score Sts 19 as possessing a
Eustachian process.

In addition to the vast literature support
for homology of Eustachian process struc-
ture among all pongids and hominids, the
following have been discerned in this study:
1) although Sts 19’s Eustachian process is
significantly smaller, it appears remarkably
similar in form and location to that seen in
other A. africanus specimens; 2) almost ex-
act matches for both MLD 37/38’s and
Taung’s cone-like Eustachian processes were
found among chimpanzee crania examined
in this study; and 3) some male gorillas
examined in this studied exhibited Eusta-
chian processes that were almost as large
and columnar as those of Sts 5. Because of
the similarities in structure, the Eustachian
process should be considered homologous
among all hominoid taxa that exhibit it.

Character 12: Orientation of the medial
aspect of the tympanic plate. This char-
acter describes the orientation of the antero-
medial-most one-third of the tympanic plate,
when viewed in norma lateralis. In order to
keep this character independent from char-
acter 11, the Eustachian process was not
included as contributing to the orientation
of the medial tympanic. Without this exclu-

sion of the Eustachian process profile when
scoring, all of the specimens with large,
observable in norma lateralis, Eustachian
processes would be scored as having medial
tympanics that face inferiorly. Following
Kimbel and Rak (1993), two states were
identified for this character: 0—the medial
tympanic plate faces inferiorly, and 1—the me-
dial tympanic plate faces anteroinferiorly.

Methods of analysis

Two major issues are relevant in this
study. First is the question of whether or not
all of the characters and character states
employed by Kimbel and Rak (1993) and in
this study are valid for testing taxonomic
hypotheses. Second is the issue of whether
the distribution of character states among
the samples falsifies the hypothesis that Sts
19 can be accommodated within the A. africa-
nus hypodigm. Both issues were addressed
using the collected character state data.

In addition to the ambiguity of some char-
acter definitions noted in the above section,
the validity of the characters for systematic
analysis was analyzed in terms of 1) charac-
ter state covariance with sex and 2) inter-
character dependence. We must ‘‘avoid con-
fusing gender- and age-related characters
with interspecific differences’’ (Kimbel and
Rak, 1993:470). If such characters are used
in a taxonomic analysis, it is possible that
different sexes and different ages would be
classified as separate species. Therefore, in
order to be a valid reflection of interspecific
differences a character must be independent
of sex and age. Using the pongid data, all
polymorphic characters were tested for sig-
nificant dependence on sex with paired chi-
square tests. Age-character covariance was
not tested since all hominid and pongid
specimens used in this study were adult.
Paired chi-square tests were also used to
test for pairs of characters that significantly
covaried with each other. Characters used in
a taxonomic analysis should be independent
of each other (Le Gros Clark, 1964). Since all
of the characters used are restricted to the
glenoid region it is conceivable that some
may vary with each other. The methods
applied here only provide preliminary indica-
tions of possible character interdependence
and character-sex covariance. Thorough tests
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of character interdependence and character-
sex covariance require an evaluation of the
ontogeny and functional morphology of the
characters of interest. Such an analysis is be-
yond the scope of this paper.

The probability of falsely significant re-
sults (Type I errors) increases with the
number of tests performed. Therefore, the
probability of r number of Type I errors was
calculated for both the sex-character and
character-character test results. The equa-
tion implemented was:

P($r) 5 1 2 53(0
n)(a)0(1 2 a)n4

1 3(1
n)(a)1(1 2 a)n214 1 · · · 3(i

n)(a)i(1 2 a)n2i46

where n is the total number of tests per-
formed, r is the number of falsely significant
tests in n number of tests, i 5 r 2 1, and a is
probability of a falsely significant result for
a single test.

The distribution of character states among
the samples was used to address the hypoth-
esis that Sts 19 can be accommodated within
A. africanus. According to Kimbel and Rak,
two lines of evidence indicate that Sts 19
represents a separate species from the other
specimens traditionally assigned to A. africa-
nus. First, including Sts 19 in A. africanus
results in an unacceptably high degree of
heteromorphy. Second, Sts 19 shares basicra-
nial apomorphies and plesiomorphies with
Homo to the exclusion of A. africanus.

In this study the degree of polymorphism
was measured and compared for all of the
samples in an attempt to replicate Kimbel
and Rak’s (1993) first finding. A character is
polymorphic for a sample/taxon when more
than one of its states is expressed. In this
study, polymorphism among the taxa was
examined in two primary ways. First, the
total number of polymorphism among the
taxa was examined in two ways. First, the
total number of polymorphic characters per
sample was tabulated. That is to say, if a
sample exhibited two characters that each
exhibited more than one character state,
then that sample was characterized by two
polymorphic characters. The total number of
polymorphic characters was compared among
the samples, with special attention paid to how
A. africanus including Sts 19 compared with
the two extant pongid samples.

This study also examined differences in
polymorphism between groups on a charac-
ter by character basis. For example, the
number of character states for character 1
exhibited by A. africanus with Sts 19 in-
cluded was compared to the number of states
for this character exhibited by A. africanus
without Sts 19, P. troglodytes, G. gorilla, H.
habilis with Sts 19 included, and H. habilis
without Sts 19.

Although a pattern of polymorphism may
be sufficient to falsify a single species hypoth-
esis, an unusually high degree of polymor-
phism cannot falsify a single species hypoth-
esis on its own. A high level of polymorphism
in a fossil sample may be suggestive of the
presence of multiple species, but does not
conclusively indicate that multiple species
are represented, even if that level of polymor-
phism is higher than that seen in any living
taxon. As Kelly (1993) has demonstrated,
some extinct species encompassed ranges of
variation greater than that seen in their
living relatives. Using the degree of polymor-
phism of extant taxa as a guide for the
maximum range of variation in species would
have incorrectly falsified the single species
hypothesis in the case discussed by Kelly
(1993), and there is no reason to believe that
it would not in other circumstances as well.

In an attempt to replicate Kimbel and
Rak’s (1993) second finding, character state
distributions among the samples, using the
pongids as the outgroup, were examined in
order to determine character state polarity.
If a state was present in the outgroup it was
assumed plesiomorphic. When actual opera-
tional taxonomic units, as opposed to single
specimens, are used in phylogenetic analy-
sis it is possible, although undesirable (e.g.,
Maddison and Maddison, 1992; Nixon and
Wheeler, 1990), to treat ancestral polymor-
phism as a state in its own right. In this
manner, two terminal taxa that share a
state and are monomorphic for that state
can be seen as uniquely linked through
common ancestry. However, since this study
deals with a single specimen (which, by
definition, cannot be polymorphic) polymor-
phism was not coded as a state separate
from its constituent states. The taxonomic
affinity of Sts 19 was assessed in terms of
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the synapomorphies and symplesiomor-
phies with the outgroup pongid and hominid
samples. A pattern of synapomorphies with
H. habilis to the exclusion of A. africanus or
a pattern of apomorphic states aligning all
of the A. africanus to the exclusion of Sts 19
would have been considered valid falsifica-
tions of the single species hypothesis.

RESULTS
Character-sex dependence

Two characters were found to vary signifi-
cantly with sex: relationship of the postgle-
noid process to the tympanic plate (charac-
ter 2) and shape of the lateral pterygoid
plate (character 10). For character 2, more
female than male pongids possess postgle-
noid processes that merge superiorly with
the tympanic plate (Table 4). However, the
significance of this dependence is not terri-
bly high (x2 5 3.5, P 5 .0614). The sexual
dimorphism for character 10 (Table 5) is
slightly more apparent and significant
(x2 5 4.06, P 5 .044). Female pongids tend
to have triangular, broad based lateral ptery-
goid plates, while males tend to have more
irregularly shaped, abbreviated based lat-
eral pterygoid plates (Fig. 3). However, the
probability that both results are falsely sig-
nificant is high (45.76%, number of
tests 5 10, .90 confidence level). Thus, it is
unlikely that there is significant character
covariance with sex.

Intercharacter dependence

A total of five pairs of characters were
found to significantly covary. They are listed
in Table 6. The probability that all of the
significant results are Type I errors is 7.29%
(total number of tests 5 45; .95 confidence
level). Thus it is likely that at least some

intercharacter dependence is present among
the set of 12 characters.

It is of interest that three characters in
particular significantly covary with others
and each other. These are characters 1,
inclination of the tympanic; 2, relationship
of the postglenoid process to the tympanic;
and 5, the vaginal process. It is not surpris-
ing that inclination of the tympanic is corre-
lated with the relationship of the postgle-
noid process. The recent human condition,
where the vertical postglenoid process is
usually completely merged with the equally
vertical tympanic, is illustrative of this inter-
dependence. The interrelationship of vagi-
nal process expression and the inclination of
the tympanic is equally apparent. The vagi-
nal process, which envelopes the base of the
styloid process, is an extension of the pe-
trous crest (Weidenreich, 1951). Since the
petrous crest is an inferior projection of the
posteroinferior margin of an inclined tym-
panic (Weidenreich, 1951), it seems that
possession of an inclined tympanic is prereq-
uisite to possession of a vaginal process.
Thus it is not surprising that vaginal pro-

TABLE 4. Character-sex covariance: Relationship of the
po stglenoid process to the tympanic plate (character 2)1

Male Female Totals

PGP lies ante-
rior (state 0)

40 (15 Gorilla
25 Pan)

30 (11 Gorilla
19 Pan)

70

PGP merges
with tym-
panic (state 1)

5 (4 Gorilla 1
Pan)

11 (9 Gorilla 2
Pan)

16

Totals 45 41 86
1 Pongids only. Character 2 significantly covaries with sex
(x2 5 3.5, P 5 .0614).

TABLE 5. Character-sex covariance: Lateral pterygoid
plate shape (character 10)1

Male Female Totals

LPP triangular
with long
base (state 0)

15 (9 Gorilla 6
Pan)

23 (13 Gorilla
10 Pan)

38

LPP rectan-
gular or
irregular
(state 1)

30 (10 Gorilla
20 Pan)

19 (7 Gorilla 12
Pan)

49

Totals 45 42 87
1 Pongids only. Character 10 significantly covaries with sex
(x2 5 4.06, P 5 .044).

TABLE 6. Significantly dependent character pairs:
Chi-square results

Character pair DF x2 P

Inclination of the tympanic (1) and
relationship of the postglenoid pro-
cess to the tympanic (2) 2 8.83 0.012

Inclination of the tympanic (1) and
vaginal process expression (5) 2 7.46 0.024

Inclination of the tympanic (1) and
orientation of the medial tympanic
(12) 2 6.16 0.046

Relationship of the postglenoid pro-
cess to the tympanic (2) and vaginal
process expression (5) 1 6.88 0.009

Vaginal process expression (5) and
lateral pterygoid plate shape (10) 1 10.79 0.001
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cess expression is also correlated with the
relationship of the postglenoid process to the
tympanic. The relationship between the in-
clination of the tympanic and the orienta-
tion of its medial aspect is also not surpris-
ing given that it is a single ontogenetic
structure. However, the significant depen-
dence found between character 5, the vagi-
nal process, and character 10, shape of the
lateral pterygoid plate, is rather enigmatic
since the two structures do not lie in close
proximity to one another. On a cautionary
note, only a thorough analysis of the ontog-
eny and functional morphology of all of these
characters can effectively establish their in-
terdependence.

Polymorphism

Table 7 gives the distribution of character
states among the samples and scores for
individual hominid specimens are provided
in Appendix B. The degree of polymorphism
among the pongids in this study is far greater
than that reported by Kimbel and Rak
(1993). Among Pan, 10 characters express
more than one character state, while among
Gorilla nine characters are polymorphic (Fig.
2). A. africanus including Sts 19 exhibits
nine polymorphic characters. A. africanus
without Sts 19 exhibits only seven polymor-
phisms. When Sts 19 is included in H.
habilis the total number of polymorphic
characters increases from seven to eight.
Thus, H. habilis with Sts 19 possesses al-
most as many polymorphic characters as
does A. africanus including Sts 19. Further-
more, A. africanus including Sts 19 is less
polymorphic than P. troglodytes.

It does not seem unreasonable that the
polymorphism that Sts 19 brings to A. africa-
nus is simply the result of normal intraspe-
cific variation. Given a small sample size,
whenever a specimen is excluded, polymor-
phism in that sample will surely decrease.
For example, when Sts 5, the specimen most
associated with A. africanus, is excluded,
the taxon’s heteromorphy decreases by two
characters (Fig. 3). In terms of the number
of polymorphic characters, Sts 5 is as strong
of a candidate for exclusion from A. africa-
nus than is Sts 19. Finally, excluding either
Stw 505 or Sts 71 decreases the taxon’s
polymorphism by one character. Yet all three

of these specimens, Sts 5, Stw 505, and Sts
71, are linked to the A. africanus hypodigm
through shared-derived aspects of facial
anatomy as outlined by Rak (1983) and
Kimbel and Rak (1993).

When the degree of polymorphism is exam-
ined on a character by character basis, it
becomes even more clear that A. africanus
with Sts 19 included is not unusually hetero-

TABLE 7. Distribution of character states
among the samples1,2

Character Pongids A. africanus Sts 19 H. habilis

1 0, 1, 2 1 1 1, 2
(0) (0, 1) (2) (2)

2 0, 1 0, 1 1 0, 1
(0) (0) (1) (1)

3 0, 1 0, 1 0 0, 1
(0) (0) (0) (1)

4 0, 1, 2 0, 1, 2 2 2, 3
(0) (1, 2) (3) (3)

5 0, 1 1 1 1
(0) (0) (1) (1)

6 0, 1 0, 1 1 0, 1
(0) (0) (1) (1)

7 0 0 1 0, 1
(0) (0) (1) (1)

8 0 0 0 1
(0) (0) (0) (1)

9 0, 1 0 1 0, 1
(0) (0) (1) (0, 1)

10 0, 1 0, 1 1 1
(0) (0) (1) (1)

11 0, 1 0, 1 1 1
(0) (1) (0) (0)

12 0, 1 0, 1 1 1
(0) (0) (0) (0)

1 Character state definitions are given in Table 2 and the
Methods section.
2 Character state in parentheses are those reported by Kimbel
and Rak (1993). See the Methods and Discussion sections for
explanations of differences.

Fig. 2. Degree of polymorphism as measured by the
total number of polymorphic characters exhibited by a
sample. Note that although including Sts 19 in A.
africanus increases that taxon’s polymorphism, so does
its inclusion in H. habilis.
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morphic (Fig. 4). In the case of only one
character, orientation of the petrous (charac-
ter 7), does A. africanus including Sts 19
exhibit more character states than either of
the pongid taxa. Furthermore, the pongids
exhibit more polymorphism than A. africa-
nus with Sts 19 included for two characters:
inclination of the tympanic (character 1) and
vaginal process expression (character 5).

Character state polarity

The high degree of polymorphism among
the pongid outgroups renders all of the
states of many characters plesiomorphic
since the states are all expressed among the
pongids. The pongids exhibit all possible
character states for the following charac-
ters: 1, inclination of the tympanic; 2, rela-
tionship of the postglenoid process to the
tympanic; 3, size of the postglenoid process;
5, expression of the vaginal process; 6, mas-
toid fissure morphology; 9, relationship of
the foramen ovale to the lateral pterygoid
plate; 10, lateral pterygoid plate shape; 11,
Eustachian process expression; and 12, ori-
entation of the medial aspect of the tym-
panic. Thus, all of the character states for
these characters are considered plesiomor-
phic. Among the other three characters,
three states are apomorphic relative to the
outgroups. Although weak, moderate, and
absent petrous crests are found among the
pongids, strongly developed petrous crests
are not. Thus, character state 3 of character
4 is apomorphic. The pongids are monomor-
phic for orientation of the petrous (character
4) and preglenoid plane form (character 8).

All of the pongids have a horizontal and
extensive preglenoid plane. Thus, restricted
and vertical or very inclined preglenoid
planes are apomorphic relative to the out-
groups. Finally, all pongids exhibit sagit-
tally oriented petrous pyramids and, thus,
more coronally oriented ones are apomor-
phic.

Distribution of apomorphies
among the hominids

With only three apomorphic characters, it
is difficult to observe any patterns of congru-
ence among characters that would indicate
the taxonomic affinities of Sts 19. For two of
the three characters, both Sts 19 and A.
africanus exhibit the plesiomorphic condi-
tion, while H. habilis possesses the derived
(Table 8). Such a situation, at best, does not
address the null hypothesis. Since two or
more species may share features through
common ancestry, symplesiomorphies can-
not define taxa on their own, but they may
be suggestive of taxonomic alignment. In
this study, both cases of symplesiomorphy
indicate that Sts 19 shares affinities with A.
africanus and the outgroups, but not with H.
habilis. The third character is much more
significant. Sts 19 exhibits the derived condi-
tion for petrous orientation (character 7) to
the exclusion of A. africanus. All of the
habiline specimens in this study also exhib-
ited the derived condition: more coronally
oriented petrous pyramids. Thus, only one
apomorphy aligns Sts 19 with H. habilis.

However, when orientation of the petrous
(character 7) is treated as a continuous
metric variable, A. africanus with Sts 19 is
still far less variable than either of the
pongid species (Fig. 5). Table 3 gives coeffi-
cients of variation and other summary statis-
tics for petrous orientation among the
pongids and A. africanus. Given that Sts 19
deviates little from A. africanus in terms of
petrous orientation, falsification of the single
species hypothesis is unwarranted.

DISCUSSION

The results of this study contrast with
those reported by Kimbel and Rak (1993).
Using the same characters and character
states, a comparable hominid sample, and
the same two pongid species, they rejected

Fig. 3. The number of polymorphic characters (out of
a total of 12 characters) for subdivisions of the A.
africanus sample. All subgroupings include Sts 19.
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Fig. 4. Degree of polymorphism for each character and for each sample. For only character 7 is A.
africanus including Sts 19 more polymorphic than either of the pongid taxa. However for characters 2 and
5 the pongid taxa display more character states than does A. africanus including Sts 19.
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the hypothesis that Sts 19 can be accommo-
dated within A. africanus. Their rejection
and this study’s inability to reject are not
due to different interpretations of the same
results. The results differed between these
two studies because: 1) pongids in this study
exhibited much more polymorphism than
those used by Kimbel and Rak’s (1993); and
2) the distribution of character states among
A. africanus, H. habilis, and Sts 19 differed
slightly between the two studies. As dis-
cussed below, differences in sample composi-
tions between the two analyses had little, if
any, effect upon the differences in results.

Pongid polymorphism

Only orientation of the petrous (character
7) and preglenoid plane form (character 8)
were monomorphic among both of the pongid
taxa. Eustachian process expression (charac-
ter 11) was monomorphic among G. gorilla
(it was present on all specimens), but dimor-
phic among P. troglodytes. In contrast, Kim-
bel and Rak (1993) report complete mono-
morphy among the pongids for all 12 of the
characters. Sample consistency may have
played a role in this difference. Kimbel and
Rak (1993) do not report sample sizes.

Differences in the distribution
of character states

For most of the characters, Sts 19’s condi-
tion, as reported by Kimbel and Rak, was
used as the basis from which ambiguous
character states were defined. However, for
four characters Sts 19 was scored differ-
ently. Kimbel and Rak scored Sts 19 as
having a vertical tympanic plate (character
1), while here it is scored as having an
inclined one. Furthermore, they report that
all H. habilis specimens have vertical tym-
panics. I scored Stw 53 and ER 1813 as
having inclined tympanic plates and OH 24
as having a vertical tympanic. My delinea-
tion of horizontal, inclined, and vertical was
based on a division of 90° into three catego-
ries. This also explains why I scored Sts 19
as having an inclined rather than vertical
tympanic (contra Kimbel and Rak, 1993). If
the ‘‘vertical’’ category’s boundary is lowered
to accommodate Stw 53, ER 1813, and Sts
19, it comes within 1° of including the A.
africanus specimen MLD 37/38. It seemed to
be more reasonable to draw the border be-
tween Stw 53 and OH 24 (Fig. 1 and Table 9).

I scored Sts 19 as having a moderate
petrous crest (character 4) as opposed to a
strong one as reported by Kimbel and Rak
(1993). Sts 19’s petrous crest is similar in
size and robusticity to those of Stw 505, OH
24, ER 3891, and Stw 53. However, the

TABLE 8. Distribution of apomorphies among the hominids

Character Derived state A. africanus Sts 19 H. habilis

4 Strong petrous crest plesiomorphic plesiomorphic apomorphic1

7 Orientation of the petrous plesiomorphic apomorphic apomorphic
8 Steep and restricted preglenoid plane plesiomorphic plesiomorphic apomorphic

1 Only SK 847 exhibits a strong petrous crest.

Fig. 5. Sample ranges for deviation of the long axis of
the petrous pyramid from the sagittal plane.

TABLE 9. Deviation of the tympanic plate from the
occlusal plane: Individual hominid specimen angles

and character states

Specimen
Angle

(standard error)
Class

(character state)

Sts 5 42.5 (1.041) inclined (1)
Stw 505 51° (2.309) inclined (1)
MLD 37/38 52° (2.646) inclined (1)
Sts 19 53° (2.309) inclined (1)
ER 1813 54.2° (3.245) inclined (1)
Stw 53 59.5° (1.041) inclined (1)
OH 24 66° (1.000) vertical (2)
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crests of all of these specimens are shad-
owed by the strong petrous crest of SK 847.
As discussed above in the Methods section, a
hypothesis of homology for the Eustachian
process (character 11) as it appears in all
hominoid taxa has yet to be falsified. Thus, I
scored Sts 19 as having a Eustachian pro-
cess (contra Kimbel and Rak, 1993). For
orientation of the medial tympanic (charac-
ter 12), only one hominid, Sts 5, exhibited a
medial tympanic that faced truly inferiorly.
All other hominids, when compared to Sts 5
and many pongids, have medial tympanic
plates that face anteroinferiorly (contra Kim-
bel and Rak, 1993).

Some characters among A. africanus were
scored differently. MLD 37/38, Sts 71, and
Stw 505 all have some degree of connection
between the postglenoid process and the
tympanic plate (character 2). Only Sts 5,
which has a tympanic plate posterior to the
postglenoid process, fits the pattern de-
scribed by Kimbel and Rak (1993) for A.
africanus. For postglenoid process size (char-
acter 3), Sts 71 possesses a reduced process,
while Sts 5, MLD 37/38, and Stw 505 have
large processes. Sts 71’s postglenoid process
is not complete: its inferior portion is miss-
ing. However, when the preserved portion is
compared to other specimens, Sts 71 clearly
could not have possessed a postglenoid pro-
cess larger than the ‘‘reduced’’ processes of
KNM-ER 1813 and OH 13. MLD 37/38 pos-
sesses an irregularly shaped lateral ptery-
goid process and thus explains the polymor-
phism for character 10, shape of the lateral
pterygoid plate.

A possible explanation of the differences
in scoring between this study and that of
Kimbel and Rak (1993) may be a different
approach to assigning character states to a
taxon. The lower degree of polymorphism
reported by Kimbel and Rak may result
from the approach that all states that ap-
pear in low frequencies in a species are
ignored and not used to characterize the
taxon. In this study, if all states that occur
among less than 10% of the pongids are
ignored, then characters 3, postglenoid pro-
cess size, and 6, mastoid fissure morphology,
become ‘‘monomorphic’’ among the pongids.
However, this does not alter the taxonomic
assessment of Sts 19 in this study. Having a

reduced postglenoid process (character 3)
then becomes apomorphic relative to the
outgroups. For this character, however, Sts
19 maintains the plesiomorphic condition,
which is also found among A. africanus and
H. habilis along with the derived state. If all
pongids are to be considered as possessing
mastoid fissures that are open laterally,
then closed mastoid fissures become apomor-
phic (character 6). Although Sts 19 does then
show the apomorphic condition, so do A.
africanus and H. habilis along with the
plesiomorphic state. Therefore, even when
sample ‘‘central tendency’’ is used as a
method of assigning a character state to a
taxon, the null hypothesis is unaffected.

Differences in sample compositions

Including some specimens not used by
Kimbel and Rak (1993) only slightly affects
the results of my study. The two hominid
specimens used here that were excluded by
Kimbel and Rak (1993) are Stw 505 and SK
847. Although it is clearly linked to the rest
of the A. africanus hypodigm, Stw 505’s
condition does differ from that of the other A.
africanus specimens (excluding Sts 19). This
specimen exhibits a moderate petrous crest
(character 4), while Sts 5 has a weak crest
and MLD 37/38 lacks a crest. No other A.
africanus specimens used in this study pre-
serve this region well enough to be scored. If
Stw 505 is excluded, then moderate petrous
crests become autapomorphic for H. habilis
as opposed to a synapomorphy of H. habilis
and A. africanus. Stw 505 also exhibits the
largest cranial capacity of the Sterkfontein
sample, yet aspects of its facial anatomy
(e.g., strong anterior pillars like Sts 5 and
Stw 13, supraorbital form like Sts 5, and
relatively tall orbits like Sts 71) link it to the
A. africanus hypodigm. Stw 505 and Sts 19
are the only specimens attributed to A.
africanus that exhibit mastoid fissures that
are closed laterally (character 6). However,
since open and closed lateral mastoid fis-
sures are plesiomorphic, excluding Stw 505
does not result in an additional autapomor-
phy linking Sts 19 to H. habilis.

Excluding SK 847 from the H. habilis
sample reduces the number of polymorphic
characters for H. habilis by one, since this
specimen possesses the only petrous crest
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scored as strong. This reduction results in
the H. habilis sample (excluding Sts 19)
having one fewer polymorphic characters as
the A. africanus sample (without Sts 19). It
also reduces the number of polymorphic
characters of the H. habilis sample when Sts
19 is included to two steps below that seen in
A. africanus when Sts 19 is included. How-
ever such changes are largely unimportant
given that G. gorilla and P. troglodytes ex-
hibit as much if not more polymorphism
than any of the hominid samples.

Possibly more significant than the speci-
mens included are the specimens that were
excluded here but were used by Kimbel and
Rak (1993). The lack of information about
Sts 25 and Stw 266 is especially unfortunate
since these A. africanus specimens report-
edly preserve these regions well (Kimbel,
pers. comm.). However, it is difficult to see
how these specimens would significantly
alter my results. Since I did not find less
polymorphism for any character reported by
Kimbel and Rak for the A. africanus sample,
including Sts 25 and Stw 266 could not have
changed the degree of polymorphism re-
sults. Furthermore, including these speci-
mens would not apparently affect character
state distributions or state polarities. Casts
of the temporal regions of OH 16 and
KNM-ER 3735 were also not available for
study. Yet, in only one case might this have
affected the results of this study. If either
OH 16 or KNM-ER 3735 lacks an Eusta-
chian process, then including these speci-
mens would have resulted in an additional
character state present for this character
among the H. habilis sample.

Taung was excluded here because of its
juvenile status. However, Rak and col-
leagues (1994, 1996) argue that juveniles
can be particularly informative in system-
atic questions. This is especially the case if
they possess autapomorphic states that char-
acterize taxon, and thus reinforce the ontoge-
netic depth of that state. The Taung casts
available for study preserve only two of the
12 characters clearly. Taung possesses a
cone-like Eustachian process similar in form,
but not size, to that exhibited by MLD 37/38.
However, such a form is not out of the range
of pongid variation as is demonstrated by

similar manifestations in some juvenile and
adult chimpanzee specimens examined in
this study. Taung’s petrous pyramid is sagit-
tally oriented like all of the pongids and A.
africanus specimens used in this study. Al-
though informative on the ontogeny of some
of the morphologies analyzed in this study,
Taung’s presence or absence from this study
does not affect the study’s results.

Intraspecific variation and the problem
with excluding Sts 19 from A. africanus

The results of this study do not support
the contention that Sts 19 should be ex-
cluded from the A. africanus hypodigm. This
conclusion concurs with that of most analy-
ses of the specimen (Broom and Robinson,
1950; Dean and Wood, 1982; Wolpoff, 1996).
However, that the taxonomic affinities of Sts
19 have been the focus of debate requires
further examination.

In addition to Kimbel and Rak (1993),
others have highlighted the ‘‘progressive’’ or
Homo-like aspects of Sts 19. Broom and
Robinson (1950) pointed out many human-
like aspects of the specimen that were not
shared by other Sterkfontein basicrania: 1)
a broad nuchal plane, 2) short basioccipital,
3) a tympanic that serves as the posterior
wall of the mandibular fossa, 4) a human-
like lateral pterygoid plate, and 5) human-
like proportions of the posterior cranial fossa.
Schepers (1950) also noted the human-like
arrangement of the posterior cranial fossa.
That such features appear especially Homo-
like is exacerbated by the fact that the
best-preserved Sterkfontein cranium, Sts 5,
is decidedly not Homo-like for these charac-
teristics. Clarke (1977) suggested that the
differences between Sts 19 and the more
pongid-like Sts 5 merely reflect a high de-
gree of intraspecific variation. This was also
the position taken by Broom and Robinson:
‘‘The skulls were found only about 10 yards
apart, and there can be no reasonable doubt
that both belong to the same species. Clearly
there is a very considerable degree of varia-
tion in Plesianthropus transvaalensis’’ (1950:
70). Yet, it is apparent that Sts 5 contributes
as much, if not more, to the high degree of
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intraspecific variation as does Sts 19 (see
Results section, above).

The distribution of morphological traits
among A. africanus specimens is indicative
of tokogenetic relationships, not cladistic
ones. Although the range of variation within
A. africanus has been touted as excessive
(Kimbel and White, 1988; Kimbel and Rak,
1993), the pattern of variation clearly indi-
cates the presence of only a single species.
Wolpoff (1996) provides five traits that dem-
onstrate no clear divisions of A. africanus
into two species. Table 10 lists the distribu-
tion of these traits among the specimens
assigned to A. africanus hypodigm. Further-
more, the distribution of character states in
the present study reaffirms the unity of A.
africanus (see the Results section and Appen-
dix B).

CONCLUSION

This study has failed to support the posi-
tion that the basicranial specimen Sts 19
should be excluded from A. africanus. How-
ever, the study’s limitations must be empha-
sized. Only 12 basicranial characters were
used, following Kimbel and Rak’s (1993)
study. Given the preservation of Sts 19 and
other Plio-Pleistocene hominid specimens,
this list of characters is extensive, but it is
not exhaustive. Future analyses should at-
tempt to include other characters, such as
those of the endocranium, occipital, and
lateral orbit. Only casts of the hominids
were examined in this study. Although all of
these were of the highest resolution and
quality available, future work needs to be
based upon the actual fossils. Furthermore,
the systematic analysis may benefit from
the inclusion of A. robustus and Homo sapi-
ens sensu lato (cf. Wolpoff et al., 1994)
samples, since the phylogenetic positions of
A. africanus and other Plio-Pleistocene

hominids are still unclear. Finally, further
interpretations of variation within A. africa-
nus should be made that use species con-
cepts aside from that employed here and by
Kimbel and Rak (1993).

Although the full meaning of variation
within A. africanus is yet unclear, the hy-
pothesis that the basicranial specimens rep-
resent a single species cannot be refuted
based upon the characters used in this study.
When Sts 19 is included in A. africanus, the
taxon’s level of polymorphism is actually
less than that exhibited by Pan troglodytes.
Furthermore, Sts 19 shares only one derived
feature exclusively with H. habilis. When
treated metrically, Sts 19’s morphology for
this character is not terribly divergent from
other A. africanus specimens.
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TABLE 10. Distribution of non-basicranial traits in A. africanus1

Trait Distribution

Relative brain size Large: Sts 5, Sts 19, Stw 505, MLD 37/38 Small: Sts 17, Sts 25
Relative orbit shape Broad: Sts 5 Tall: Sts 71, Stw 505
Relative facial structure Alveolar prognathism and posteriorly positioned

cheeks: Sts 5, Stw 13, TM 151
Flat and vertical face: Sts 71, Stw 252

Evidence of sagittal crest Yes: Sts 5, Sts 17 No: Sts 5, Sts 71, Stw 13, Stw 505
Anterior pillars Strong: Sts 5, Stw 13, Stw 505 Weak: Sts 5, TM 1512
1 Adapted from Wolpoff, 1996, p. 299.
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