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As early as 1950, Ernst Mayr suggested applying the competitive exclusion prin-
ciple to early hominid evolution. As a result, the single species hypothesis emerged.
Other authors, such as Schwalbe (1899; 1913), Weinert (1951), and Weidenreich
(1943), interpreted hominid evolution within the framework of (what we would
now describe as) a single evolving polytypic lineage, based purely on morpho-
logical considerations. Mayr, however, was the first to give this interpretation a
theoretical basis in the synthetic theory.

The single species hypothesis rests on the nature of the primary hominid adapta-
tion: culture (structured learned behaviour). Because of cultural adaptation, all
hominid species occupy the same, extremely broad, adaptive niche. For this reason,
allopatric hominid species would become sympatric. Thus the competitive exclu-
sion principle can be legitimately applied. The most likely outcome is the con-
tinued survival of only one hominid lineage.

The origin of bipedal locomotion

As Mayr originally claimed and as Washburn has often stressed (1951; 1960;
1963), one of the primary hominid morphological adaptations centres about bi-
pedal locomotion. Other distinctive hominid characteristics not related to diet
cither arise from this adaptation, or form secondary adaptations.

What selective pressures lead to bipedalism? What selective advantages did
bipedalism confer on very early hominids ? Many answers to these questions have
been proposed. For instance, Hewes (1961) suggests food transport across the
savanna as the primary adaptive advantage of bipedal locomotion, and L. S. B.
Leakey points to the ability to see over tall grass (personal communication). While
these suggestions obviously form part of an adaptive explanation, by themselves
they simply do not explain the presence of an adaptive advantage strong enough to
compensate for the loss of quadrupedal mobility (Washburn 1951: 60; Pfeiffer
1969: 43~53; Oakley 1959: 443); nor do they take sufficient account of the con-
comitant dangers due to predators in a savanna existence (Bramblett 1967). As
Brace (1962: 607) put it: ‘It would seem that a weaponless biped trudging over the
savanna with a load of ripe meat would be an exceedingly poor bet for survival’.

Thus the use of tools as a means of defence appears to be critical. A dependence
upon tools both in offensive and defensive behaviour explains the selective advant-
age of bipedal locomotion: the hands are freed during locomotion so that a tool or
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weapon is available at all times. The question of availability at all times is crucial,
for the great apes can both produce and carry tools (Goodall 1964). However, tool
use in chimpanzees differs from human tool use in one important respect: chim-
panzees do not regularly use their tools as weapons, nor do they depend upon tools
as a means of defence (Goodall 1964). Still, the established use of tools by these
pongids as part of their normal way of life makes it likely that the ancestors of the
carliest hominids were also capable of this behaviour.

Since the ability to make and use tools as a learned and ecologically important
type of behaviour is not restricted to hominids, the unique hominid dependence
upon tools for defence is all the more revealing. Faced with a predator, a hominid
who knew how to use a club for defence but did not have one available was just as
dead as one to whom the notion never occurred. The advantage of carrying wea-
pons continuously probably provided the greatest impetus to the morphological
changes transforming bipedal locomotion from a possibility to an efficient form of
movement.

All the relevant australopithecine skeletal material known indicates a completely
bipedal stance (Lovejoy et al. in press). Of most importance is the presence of a
greater sciatic notch in pelvises from Swartkrans, Sterkfontein, Makapansgat and
Kromdraai. This brings the action of gluteus maximus posterior to the acetabulum,
causing it to act as an extensor. It has been suggested that the femoral attachment
for gluteus maximus appears somewhat more lateral than modern man in the
Swartkrans and Olduvai femora. However, in the only complete and relatively
undistorted australopithecine os innominatum, STS 14 from Sterkfontein, the orien-
tation of the acetabulum is also somewhat more lateral than the more anterior-
lateral orientation often found in modern man. Articulation of either Swartkrans
femur in the Sterkfontein acetabulum shows a posterior attachment of gluteus
maximus on the femur, when the femur shaft is placed in the plane of the iliac
pillar. Thus the ‘human’ condition is achieved in the total morphological pattern.
Actually, the position of this muscle attachment and the lesser trochanter in austra-
lopithecine femora is consistent with moderate anteversion (Heiple & Lovejoy
1971). There is no reason to believe the morphology of the (undiscovered) pelvises
actually associated with the Swartkrans femora would be any different. In addition,
Day (1969) infers a lateral acetabulum for robust australopithecine pelvises from the
posterior position of the lesser trochanter of the femur. Moreover, the acetabulum
orientation is not outside the range of Homo sapiens variation (Lovejoy & Heiple in
press).

Other pelvic features indicate erect posture. The acetabulum in both Swartkrans
and Sterkfontein specimens is very large, compared with the total size of the pelvis
(Schultz 1969b). This indicates that the full weight of the upper part of the body
passes through the joint. Schultz showed that the australopithecine ratios of aceta-
bulum to pelvis size fall within the human and outside the ape range of variation.
All the specimens have an iliopsoas groove. Indeed, all the australopithecine
pelvises are similar, except for size, in every feature not obviously altered by post
mortem distortion. It is particularly significant that this similarity includes features
in which both gracile and robust pelvises differ from what is normal for Homo
sapiens (although within the range of variation), such as the horizontal orientation
and more marked distance between margins of the ischial tuberosity relative to the
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position of the acetabulum, the presence of an anterior iliac pillar, the more lateral
orientation of the acetabulum, and so on.

A number of authors have pointed to details of femoral morphology indicating
erect posture in the australopithecines (Le Gros Clark 1947; Strauss 1962; Day 1969;
Lovejoy & Heiple 1970). All femora have an obturator externus groove (Day
1969). The heads of australopithecine femora from Swartkrans, Sterkfontein
(reconstructed), and East Rudolf are large, relative to the size of the bone.

The Olduvai foot is completely human in form, indicating both effective weight
transmission and a striding gait (Day & Napier 1964). The Olduvai talus, the object
of a separate study, also shows features suggesting bipedalism as does the talus from
Kromdraai (Day & Wood 1968). Even the single terminal phalanx from Olduvai,
hominid 10, shows evidence of bipedality (Day & Napier 1966). The Sterkfontein
vertebral column suggests the presence of curvature in the lumbar area (Robinson
1956). The low position of the nuchal line in all specimens (Le Gros Clark 1967)
indicates a long lever arm for the nuchal musculature, and a vertical orientation
of the vertebral column.

Since the living African apes are capable of prolonged bipedal locomotion without
all these morphological adaptations, the presence of such a total morphological
pattern in the australopithecines most likely indicates habitual bipedalism in the
same sense that modern man is habitually bipedal, although not necessarily in the
same detailed way.

The pre-australopithecine hominids could be described as primates with the
morphological and behavioural capabilities of living apes, using these capabilities
in order to adapt to a way of life similar to that of baboons. The australopithecines
themselves show the morphological consequences of this adaptation. The special
fracturing of the battered baboon skeletal material at australopithecine-bearing
sites such as Taung and Makapansgat suggests competition between these eco-
logically similar primate species.

The meaning of reduced canines

According to this hypothesis, the reduced canines found in even the carliest
australopithecines indicate a replacement of the canine defensive function (Wash-
burn & Avis 1958: 425) by regularly employing implements as a means of defence,
as Darwin suggested a century ago.

In this regard, it is important to establish that both gracile and robust australo-
pithecines have reduced canines. Specifically, the canines of both australopithecine
types are not significantly different in size from each other, or from those of Homo
erectus. Table 1 gives mandibular and maxillary canine area (L*B) data for the three
groups. Area is used as a measure of canine size, combining maximum length and
breadth. Because maximum breadth occurs at the base, and maximum length is
usually not too far above it, only the most extreme wear invalidates area as a size
measure. Sources for the Homo erectus material are given in another publication
(Wolpoff 1970a). The australopithecine data were measured by C. L. Brace in
South Africa and at Olduvai. Additional specimens from east Africa were pub-
lished by Howell (1969), Walker (1971), Coppens (1970), and R. E. F. Leakey
(1971). The three Java mandibles were described by Marks (1953) and Tobias &
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TaBLE 1. Canine area averages (mm32).

Mandibular

X (Range) cv N X (Range CV N

Australopithecines
Gracile 87 (73-104) 12 13 03 (73-127) 18 8
Robust 81 (66-96) 11 18 88 (86-111) 14 19
Homo erectus 77 (62—98) 15 16 97 (83-113) 11 10
Homo sapiens 58 (37-81) 15 311 72 (41~120) 15 283
Australian aborigines 71 (64-80) 8 15 90 (58-120) 20 15
New Britain 59 (50-74) 10 44 73 (59-92) II 43
European 56 37-77) 17 42 68 (53-98) 16 42
Malay 52 (44-72) 14 12 71 (64-8s) 17 3

von Koenigswald (1964). Table 1 shows an extensive similarity among canine
areas. Living groups of man show far greater differences in average areas (Wolpoff
1970a: tables 22 and 27). Extant population averages for mandibular canines range
52 mm? to 71 mm?. The corresponding range for maxillary canine averages is
from 68 mm? to 9o mm?.

A t test was used to test for significance of difference, using the data in table 1.
In the mandible as well as the maxilla, both gracile and robust australopithecines
are not significantly different from Homo erectus even at the s per cent. level. In fact,
they are not significantly different from each other at the 5 per cent. level! Appar-
ently, australopithecine canines were already reduced to Mid-Pleistocene hominid
size.

Australopithecines were small to moderate-sized creatures. The most recent body
size estimation for STS 14 (one of the smallest specimens) is 4243 inches, weighing
between 40 and 50 pounds (Lovejoy & Heiple 1970). The Olduvai tibia suggests a
height of 56 inches (Coon 1963: 285). No estimates for the robust australopithe-
cines have exceeded 200 pounds, and the small size of the femur heads of SK 82 and
97 (Napier 1964) suggests considerably less for at least some. Others were larger, as
a comparison of Swartkrans mandibles shows (Wolpoff 1971b, fig. 1); the size
range at this site alone was extensive. A similar size range occurs for postcranial
material from East Rudolf (R. E. F. Leakey 1971).

Graciles and robusts overlapped considerably. Robinson indicates that male
gracile and female robust australopithecines were approximately equal in robustness
and stature (1970: 1219). A small body weight for many of the specimens is sug-
gested by the size of the bones and joint surfaces. All the joints through which the
weight of the body passes are very small: often smaller, in fact, than the joints in
very small Homo sapiens (Broek 1938). The Swartkrans femur heads are as small as
those of chimpanzees, although the full weight of the upper body does not usually
pass through this joint in chimpanzees. The size of the neck, shaft, and reconstructed
head in the Sterkfontein femur is even smaller. The sacral articular area of the
Sterkfontein pelvis is considerably smaller than that of a comparably sized bush-
man pelvis.

There is every indication that early Pleistocene savanna primates of this size
range would not lack natural predators, and would thus require a means of defence.
The robust australopithecines have been compared to gorillas. Gorilla males,



