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A Systematic Assessment of Early
African Hominids

D. C. Johanson and T. D. White

Paleoanthropological research in east-
ern and southern Africa has provided an
extensive fossil record documenting hu-
man evolution over the last 2.5 million
years. The accumulated fossil remains
from sites such as Koobi Fora, Olduvai
Gorge, Omo, Sterkfontein, and Swart-
krans (Fig. 1) have been studied, de-
scribed, and afforded diverse phyloge-
netic and taxonomic interpretations (/-
6).

The sites of Laetolil in Tanzania and
Hadar in Ethiopia (Fig. 1) have yielded
abundant remains of human ancestors
that have been dated firmly between 3
and 4 million years ago. These new
hominid fossils, recovered since 1973,
constitute the earliest definitive evidence
of the family Hominidae (7). The mor-
phology and attributes of these remains
are demonstrably more primitive than
those of hominid specimens from other
sites. Because of their great age, abun-
dance, state of preservation, and dis-
tinctive morphology, the Laetolil and
Hadar fossils provide a new perspective
on human phylogeny during Pliocene
and Pleistocene times.

It is not our aim in this article to re-
view the extensive literature that deals
with hominid origins, phylogeny, and
taxonomy. Our first intention is to de-
scribe some of the most salient morpho-
logical features of the newly recovered
Pliocene hominids from Laetolil and Ha-
dar. We will then assess the phylogenetic
position of the new specimens within the
Hominidae in light of their distinctive
skeletal anatomy. Finally, we will ex-
press the implications of these findings in
a taxonomic evaluation.
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Background

The major hominid collections from
Laetolil were made by Mary D. Leak-
ey’s expedition. Laetolil lies about 50
kilometers (30 miles) south of Olduvai
Gorge in northern Tanzania (Fig. 1). The
ongoing fieldwork was initiated at Laeto-
lil in 1974, and the geology, paleontolo-
gy, and history of the site have been de-
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representing a minimum of 35 and a max-
imum of more than 65 individuals was re-
covered. Preservation is outstanding and
some Hadar specimens are exceptionally
complete. In several cases there are as-
sociated skeletal parts of the same indi-
vidual (Fig. 5;12, 14, 15). Nearly all ana-
tomical regions of the body are repre-
sented in the collections from Hadar.
This situation is unprecedented for the
earlier portion of the fossil hominid rec-
ord. For example, we have nearly 40 per-
cent of a skeleton known as “‘Lucy”’
from Afar Locality (A.L.) 288 and more
than 200 specimens representing an ab-
solute minimum of 13 individuals from
A.L. 333 and 333w. Some of the material
has been presented (/2-21), but a large
portion of the sample is currently under
investigation and will be fully described
in the near future.

A comparative study of the Hadar and
Laetolil hominids has clarified the rela-
tionship between the two collections.
The strong morphological and chrono-
logical continuity seen between the Ha-
dar and Laetolil fossil hominid samples

Summary. A large sample of Pliocene fossil hominid remains has been recovered
from the African sites of Hadar in Ethiopia and Laetolil in Tanzania. These collections,
dating approximately between 2.9 and 3.8 million years ago, constitute the earliest
substantial record of the family Hominidae. This article assesses the phylogenetic
relationships of the newly discovered fossil hominids and provides a taxonomy con-
sistent with that assessment. A new taxon, Australopithecus afarensis, has been
created to accommodate these Pliocene hominid fossils.

scribed by Leakey et al. (8). The fossil
hominids consist primarily of dental and
gnathic remains derived from the Laeto-
lil Beds and are radiometrically placed
between 3.6 and 3.8 million years ago
8). Laetolil hominids (L.H.) 1 through
14 have been described (9) and nine addi-
tional specimens have been recovered.
Hadar is located in the Afar triangle of
Ethiopia (Fig. 1). Intensive paleoanthro-
pological fieldwork was conducted at the
site between 1972 and 1977 by the Inter-
national Afar Research Expedition (/0-
13). Abundant, diverse, well-preserved
fossils were recovered from the Hadar
Formation. On the basis of geochrono-
logic and biostratigraphic evidence, this
formation has been dated between 2.6
and 3.3 million years ago (/7). A remark-
able collection of hominid specimens

strongly suggests that these collections
are most conveniently and effectively
considered together in the following sys-
tematic assessment.

Anatomical Evidence

The Laetolil and Hadar fossil hominid
remains have a distinctive suite of primi-
tive cranial and postcranial character-
istics. Some of these have been men-
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Table 1. Combined metric data for the Laetolil and Hadar hominid dentitions. Only measure-
ments on intact teeth are provided. The measurement technique is described elsewhere (9).
Mesiodistal diameters for postcanine teeth are corrected for interproximal attrition except in

cases where that was impossible. For anterior teeth, (w) indicates worn teeth representing range

values. Other abbreviations: MD, mesiodistal; BL, buccolingual; N, number; R, range; X,

mean; and S.D., standard deviation.

Lower Upper
Dentition
MD - BL MD BL
Permanent
First incisor (I1) ‘
N 1 3 4 5
R 7.3-7.7 9.0w-11.8 7.1-8.6
X 5.6w 7.50 10.36 8.16
S.D. 0.20 1.17 0.60
Second incisor (12)
N 4 3 6 8
R 5.7w-7.1w 6.7-7.8 6.7w-8.2 6.2-8.1
X 6.28 7.37 7.65 7.18
S.D. 0.59 0.59 0.59 0.65
Canine (C)
N 5 9 10 10
R 7.9-11.7 8.8-12.0 8.9-11.6 9.3-12.5
X 9.16 10.17 9.92 10.94
S.D. 1.54 1.15 0.74 1.11
Third premolar (P3)
N 14 14 8 7
R 8.2-12.6 9.5-12.6 7.2-9.3 9.8-13.4
X 9.51 10.60 8.50 12.03
S.D. 1.09 0.98 0.74 1.19
Fourth premolar (P4)
N 13 12 8 5
R 7.7-10.9 9.8-12.8 7.6-9.7 11.1-12.6
X 9.58 10.93 8.95 12.00
S.D. 0.95 0.92 0.68 0.60
First molar (M1)
N 18 16 9 9
R 10.1-14.6 11.0-13.9 10.8-13.7 11.2-15.0
X 12.85 12.62 12.22 13.23
S.D. 1.05 0.90 0.92 1.24
Second molar (M2) )
N 17 17 3 3
R 12.1-15.4 12.1-15.2 12.1-13.5 13.4-15.0
X 14.02 13.44 12.83 14.40
S.D. 1.08 1.06 0.70 0.87
Third molar (M3)
N 11 12 5 5
R 13.3-16.3 11.7-14.9 11.4-14.3 13.1-15.5
X 14.55 13.23 12.54 14.22
S.D. 0.8 1.02 1.32 1.05
Deciduous
First deciduous incisor (dil)
N 1 1
R
X 4.2 3.6
S.D.
Second deciduous incisor (di2)
N 2 3 1 1
R 4.8-5.7 4.2-5.0
X 5.25 4.63 5.7 4.5
S.D. 0.40
Deciduous canine (dc)
N 3 2 3 4
R 6.2-6.6 5.8 6.8-7.7 5.3-6.5
X 6.43 5.8 7.37 5.95
S.D. 0.21 0.49 0.49
First deciduous molar (dm1)
N 4 4 4 3
R 8.5-9.6 7.6-8.4 8.1-9.4 8.9-9.3
X 9.15 7.93 8.68 9.17
S.D. 0.48 0.36 0.54 0.23
Second deciduous molar (dm2)
N 2 4 4
R 11.6-12.6 9.7-10.6 9.9-10.8 10.5-12.6
X 12.1 10.15 10.23 11.20
S.D. 0.40 0.95
322

tioned in earlier publications but this is
the first report on the combined sample
as of September 1978. It is not possible
in an article of this length to describe
them in detail; instead, some of the ma-
jor anatomical features of the material
are outlined below.

Dentition. As with other paleontolog-
ical materials from these sites, the den-
tal elements comprise the largest portion
of the Pliocene hominid sample from Ha-
dar and Laetolil.

Incisors. The upper centrals are char-
acterized by their great mesiodistal di-
mension, which contrasts with the di-
minutive mesiodistal diameter of the lat-
eral incisors (A.L. 200-1a; L.H.-3).

Canines. The large, asymmetric, point-
ed lowers project slightly above the
tooth row and usually have a pro-
nounced lingual ridge (A.L. 400-1a, 128-
23; L.H.-3). The uppers also are large
and project slightly. When worn, they of-
ten bear an exposed strip of dentine
along the distal occlusal edge (A.L. 200-
la; L.H.-5). Apical wear is often present
as well. Both upper and lower canine
roots are massive and long.

Premolars. The lower third premolars
(P;) are characterized by a dominant,
mesiodistally elongate buccal cusp. The
extensive buccal face often shows verti-
cal wear striae produced by occlusion
with the overlapping upper canine. A
smaller lingual cusp is usually present,
but some specimens (A.L. 288-1, 128-23)
display only an inflated lingual ridge. The
P, often possesses two distinct roots
with the anterior one angulated mesio-
buccally (A.L. 333w-60; L.H.-4). In oc-
clusal view, P; crown shape is normally
an elongate oval, the long axis of which
is oriented mesiobuccal to distolingual at
45° to 60° to the mediodistal axis of the
tooth row. The upper third premolar (P?)
is sometimes three-rooted, with a point-
ed buccal cusp and an extensive, asym-
metric buccal face (A.L. 200-1a; L.H.-
6). The buccal cervicoenamel line pro-
jects toward the mesiobuccal root, and in
occlusal view the mesial placement of
the lingual cusp gives the crown an
asymmetric appearance. The P? tends to
be slightly larger than the upper fourth
premolar (P4, and the latter does not
show mesiodistal elongation of the buc-
cal crown portion.

Molars. The lower molars, particularly
the first and second, tend to be square in
outline. The cusps are usually arranged
in a simple Y-5 pattern, surrounding
wide occlusal foveae. The third molars
are generally larger and their distal out-
lines are rounded. The molar size se-
quence is normally Mg > M, > M,. The
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upper molars usually follow the same
size sequence, their occlusal foveae are
wide, and their hypocones are fully de-
veloped.

Deciduous dentition. The deciduous
canines are morphologically similar to
their adult counterparts in relative size,
morphology, and occlusal projection
(A.L. 333-99, 104; L.H.-2). The decid-
uous first molars conform to the mola-
rized human pattern and show deep buc-
cal grooves (A.L. 333-43, -86; L.H.-2).

Overall, the adult and deciduous denti-
tions are variably intermediate between
Hominidae and Pongidae in most of the
features enumerated by Le Gros Clark
(22). Neither metric data (Table 1) 23)
nor morphological considerations (24)
suggest to us that more than one evolv-
ing hominid lineage is represented in the
dental samples from Hadar and Laetolil.

Cranium. Portions of several adult and
juvenile faces are available from Hadar
and Laetolil. The adults show strong al-
veolar prognathism associated with
somewhat procumbent incisors, the
curved roots of which promote a convex
clivus. The lower margin of the pyriform
aperture is marked laterally by a raised
border (A.L. 200-1a, 333-1). The large
canine roots are reflected in strong ca-
nine jugae, which contribute to the for-
mation of pillars lateral to the pyriform
aperture. These pillars act to set this re-
gion apart from the zygomatic processes
of the maxillae. The anterior margins of
these large processes are located above
the junction of P* and M! and are orient-
ed nearly perpendicular to the tooth
rows. The inferior margins of the zygo-
matic arches are flared anteriorly and lat-
erally. The palates are shallow anteriorly
and their lateral margins tend to con-
verge posteriorly (Fig. 2). The dental ar-
cades are long, narrow, and straight-
sided instead of parabolic. The tooth row
is sometimes interrupted by diastemata
between the lateral incisors and canines
(A.L. 200-1a).

Preserved portions of the adult crania
A.L. 333-45 (Fig. 3) and A.L. 288-1 show
a host of primitive features. There are
strong muscle markings including a com-
pound temporal-nuchal crest on both
sides of A.L. 333-45. The temporal lines
converge anteriorly and closely approxi-
mate the midline. An anteriorly placed
sagittal crest is possible, but the relevant
portions are not preserved. The smaller
specimen, A.L. 288-1, is less robust but
is morphologically similar in its pre-
served portions (25). Specimen A.L.
333-45 is heavily pneumatized in lateral
portions of the cranial base. The nuchal
plane is concave and is longer than the
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Fig. 1. Geographic location of the major fossil
hominid sites discussed in the text: 1, Hadar;
2, Omo; 3, Koobi Fora; 4, Olduvai Gorge; 5,
Laetolil; 6, Makapansgat; 7, Sterkfontein,
Swartkrans, and Kromdraai, and 8, Taung.

occipital plane. The mastoid region is
flattened posteriorly and the mastoid tips
point anteroinferiorly. The external audi-
tory meatus takes on a tubular appear-
ance when viewed basally, strongly re-
sembling the pongid condition. The man-
dibular fossae are broad, have little re-
lief, and are placed only partially
beneath the braincase. There is a strong
entoglenoid process. A very weak articu-
lar eminence results in a mandibular fos-
sa that is open anteriorly. The preserved
occipital condyle is located below the ex-
ternal auditory meatus in lateral view
and bears a strong angulation across its
articular surface. It has not yet been pos-
sible to make satisfactory estimates of
cranial capacity on the basis of pre-
served portions of crania, although pre-

liminary observations suggest that it is
small, probably within the known range
of other Australopithecus species (sensu
stricto). Studies of the cranial remains
from Hadar and Laetolil have shown the
distinctiveness of this anatomical region
and promise to provide additional infor-
mation concerning the ontogeny and
functional anatomy of these early homi-
nids (26).

Mandible. A combined sample of at
least 25 adult and juvenile individuals
represented by mandibular remains is
available from Hadar and Laetolil. The
mandibles from the two sites are strik-
ingly similar (Fig. 4). Some major parts
of the complex of features distinguishing
this collection from other fossil hominid
mandibles are described here.

Although ascending rami are poorly
represented, available adult mandible
specimens (A.L. 333-108) indicate large
but not necessarily high mandibular
rami. The condyles (A.L. 333w-1le, -16)
are large and concordant with the broad
articular surfaces of the preserved
crania. The A.L. 288-1 mandibular
ramus slopes somewhat posteriorly. The
ramus usually joins the corpus at a high
position, defining a narrow, restricted
extramolar sulcus (A.L. 266-1; L.H.-4).

The mandibular corpora are variable
in size, and larger specimens are rela-
tively deep in their anterior portions.
The lateral contours in the region of the
mental foramen are usually hollowed
(A.L. 333w-60; L.H.-4). The mental
foramina tend to occupy positions low
on the corpus and open anterosuperiorly
(A.L. 277-1, 288-1; L.H.-4). The man-
dibular canal passes immediately below

Fig. 2. Comparison of the (A) A.L. 200-1a and (B)
A.L. 199-1 palates found at Hadar. The palate in
(B) consists of a right half, but the intact mid-
line permits photographic mirror-imaging. Note
the morphological identity but different size of
the specimens.
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the distal root of the third lower molar
(M,). The base of the corpus is everted,
and the anterior portion of the corpus is
rounded and bulbous. The symphyseal
section usually shows a moderate superi-
or transverse torus. The inferior trans-
verse torus is low and rounded rather
than shelf-like. There is strong posterior

angulation of the symphyseal axis (A.L.
400-1a; L.H.-4). In occlusal aspect, the
molars and premolars form straight rows
and the anterior portion of the dental ar-
cade tends to be narrow, especially in
the smaller specimens. Some specimens
show slight postcanine diastemata (A.L.
266-1; L.H.-4). The dramatic size dif-

Fig. 3. (A) Occipital
and (B) left lateral
views of the A.L.
333-45 partial cranium
from Hadar. The spec-
imen suffered postmor-
tem distortion, but
many important ana-
tomical details are dis-
cernible.

Fig. 4. Occlusal views of the mandibles from (A) Hadar (A.L. 400-1a) and (B) Laetolil (L.H.-4).
Note the similarities in dentition, dental arcade shape, and mandibular morphology.

324

ferences seen between such morphologi-
cally similar mandibular specimens as
A.L. 333w-60 and A.L. 333w-12 suggest
a high level of sexual dimorphism within
a single hominid lineage (27).

Postcranium. Comparison of the Ha-
dar and Laetolil postcranial material
with other Plio-Pleistocene remains is
hampered at this time by difficulties in
associating cranial and postcranial mate-
rial found at other sites. In addition, a
number of skeletal elements found at Ha-
dar (particularly some of the hand and
foot bones) are either absent or poorly
represented at other sites, which makes
meaningful comparisons impossible.
However, some anatomical features of
the postcranium are already obvious and
deserve mention.

The postcranial skeleton is well repre-
sented, and all analyses so far indicate
that the hominids were adapted to biped-
al locomotion. This is especially evident
from the analysis of the knee joint anato-
my (28).

The most complete adult skeleton is
that of A.L. 288-1 (‘‘Lucy,”” Fig. 5). The
small body size of this evidently female
individual (about 3.5 to 4.0 feet in height)
is matched by some other postcranial re-
mains (A.L. 128, 129) and these smaller
specimens can be contrasted with other
larger but morphologically identical indi-
viduals from Hadar (A.L. 333 and 333w,
Fig. 6). We consider that much of this
body size difference reflects sexual di-
morphism (29). All of the postcranial ele-
ments indicate high levels of skeletal ro-
bustness with regard to muscular and
tendinous insertions.

The humerofemoral index (ratio of the
length of the humerus to the length of the
femur) of the A.L. 288-1 specimen is ap-
proximately 83.9 (12). This value is high
relative to modern humans. The hand
bones from Hadar also differ from those
of modern humans—for instance, in the
“‘waisted”’ appearance of the capitate
(A.L. 288-1, 333-40), the lack of a styloid
process on the third metacarpal (A.L.
333-16, -65), and the longitudinal curva-
ture of the phalanges (A.L. 333-19, -63).
A cervical vertebra with a long spinous
process (A.L. 333-106) is quite distinct.
Two pedal navicular bones (A.L. 333-47,
-36) exhibit extensive cuboideonavicular
facets and the pedal phalanges are highly
curved. One of the potentially most sig-
nificant bones, the A.L. 288-1 innom-
inate, is currently being reconstructed.
Its morphology is commensurate with a
bipedal mode of locomotion. The speci-
men displays a straight anterior margin
between the anterior superior and inferi-
or spines, lending a heightened appear-
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ance to the ilium. These and additional
postcranial features will be elucidated by
biomechanical and anatomical studies
30).

In summary, the Hadar and Laetolil
remains seem to represent a distinctive
early hominid form characterized by
substantial sexual dimorphism and a host
of primitive dental and cranial character-
istics. We interpret this material as rep-
resenting a single hominid lineage (31).
An alternative interpretation would be
that some smaller individuals, particular-
ly the partial ‘“‘Lucy”’ skeleton, repre-
sent a distinct lineage contemporary with
the majority of the Hadar and Laetolil
fossil hominids (32, 33). For the reasons
discussed above, we consider that the
available evidence cannot be used to
convincingly argue for the presence of
two distinct hominid species at either
site. The Hadar and Laetolil hominids
are most parsimoniously interpreted as
representing one sexually dimorphic
hominid taxon.

Phylogenetic Considerations

The overview of the Laetolil and Ha-
dar remains presented above indicates
that these forms represent the most
primitive group of demonstrable homi-
nids yet recovered from the fossil rec-
ord. Although clearly hominid in their
dentition, mandibles, cranium, and post-
cranium, these forms retain hints of a
still poorly known Miocene ancestor.

The Laetolil and Hadar fossil homi-
nids are important primarily because of
their bearing on questions of early homi-
nid phylogeny. They allow a perception
of human evolution that was hitherto im-
possible. However, before we deal spe-
cifically with hominid phylogeny, it is
necessary to view hominoid evolution in
broader perspective.

Miocene relations. The ancestry of the
Laetolil and Hadar hominids is not well
understood. It must lie within the Mio-
cene hominoid radiation of Africa and
Eurasia, and Ramapithecus is the can-
didate most often considered to fulfill
this role (34). Pilbeam ef al. (35) sug-
gested that characters typical of extant
Pongidae are not necessarily useful in
understanding or classifying Miocene
hominoid radiation. They proposed in-
stead that the more advanced members
of this radiation be divided into two fami-
lies, the Dryopithecidae and the Rama-
pithecidae. We concur with the observa-
tion that Ramapithecus shares numerous
adaptive similarities in its dental and
gnathic composition with other Miocene

26 JANUARY 1979

forms such as Sivapithecus and Gigan-
topithecus. Many of these features were
once thought to be distinctive of the fam-
ily Hominidae (36).

Some interpretations of the post-
cranial anatomy (37, 38) and biochemical
affinities (39, 40) of modern humans and
extant African apes suggest that the
pongid-hominid divergence was late in
time. Some paleontologists, anatomists,
and biochemists, however, place the di-
vergence earlier—in the middle Miocene
or even the Oligocene (34, 41, 42). Of
course, genetic divergence (lineage sepa-
ration) does not necessarily coincide
with morphological divergence. The lack
of a consistent definition of Ramapi-

Fig. 5. Partial skeleton of “‘Lucy’’ (A.L. 288-1).
This specimen is the most complete Pliocene
hominid thus far discovered. The total length
of the femur is 28 cm.

thecus and its detailed similarity to other
Miocene hominoid genera combine with
the primitive appearance of the Laetolil
and Hadar material to suggest that a late
divergence must remain a possibility. Ul-
timate resolution of the question will
come only with the collection and analy-
sis of further hominoid remains dating
between 5 and 15 million years ago. Crit-
ical to this resolution will be the recov-
ery of specimens representing lineages of
the extant pongids.

Plio-Pleistocene relations. Bipedalism
appears to have been the dominant form
of terrestrial locomotion employed by
the Hadar and the Laetolil hominids.
Morphological features associated with
this locomotor mode are clearly mani-
fested in these hominids, and for this rea-
son the Laetolil and Hadar hominoid re-
mains are unequivocally assigned to the
family Hominidae. Representing, as they
do, the earliest well-known hominids,
what are their relationships with pre-
viously discovered Plio-Pleistocene
hominids dating later in time? Our inter-
pretations of hominid phylogeny during
this period are given in Fig. 7, which in-
dicates some of the more important sites
and specimens along with their chrono-
logical placement.

The interpretation of hominid phylog-
eny presented in Fig. 7 relies heavily on
the remains recovered since 1960 in east-
ern Africa. To fully appreciate this new
resolution of early hominid phylogeny, it
is necessary to consider the historical
framework of fossil hominid discoveries.
This is particularly true because the re-
cent discoveries from eastern Africa
have usually been interpreted in terms of
a framework formulated on the basis of
the South African discoveries.

South African discoveries. The de-
scription and naming of the Taung skull
from South Africa as the holotype of
Australopithecus africanus by Dart in
1925 (43) represented a milestone in hu-
man evolutionary studies. Until the dis-
covery of the Olduvai Hominid 5 (O.H.
5) cranium in 1959 ¢4), Plio-Pleistocene
hominids from the South African cave
breccias at Taung, Sterkfontein, Maka-
pansgat, Kromdraai, and Swartkrans
dominated thinking on the earlier phases
of human evolution. The distinctive
character of the Kromdraai find led
Broom, in 1938 (45), to propose a dif-
ferent type of hominid, which he called
Paranthropus robustus. Additional dis-
coveries at Swartkrans reinforced
Broom’s recognition of a distinct, robust
hominid lineage. However, hints of a
second hominid type in the deposit at
Swartkrans prompted Broom and Robin-
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son in 1949 (46) to name the species Tel-
anthropus capensis, which they consid-
ered to be ancestral to later forms of hu-
mans. Differences between fossil homi-
nids from Taung, the Sterkfontein Type

Site, and Makapansgat (collectively
known as gracile australopithecines) and
those from Kromdraai and Swartkrans
(collectively known as robust austra-
lopithecines, with the exception of Tel-
anthropus) were detailed by Broom ¢7)
and Robinson (6, 48). Doubts concerning
the dating of these hominids have ob-
scured their phylogenetic relationships,
and some authors have suggested that
the gracile and robust hominids repre-
sent nothing more than large and small
forms of the same hominid species #9).
East African discoveries. The 1959
discovery of a very large and robust cra-
nium at Olduvai Gorge demonstrated the
presence of the robust hominid form in
East Africa and focused attention on this
part of the world. Soon thereafter, a
smaller-toothed and apparently larger-
brained hominid (O.H. 7) was recovered
from equivalent levels and named Homo
habilis (50). Debate concerning the dif-
ferences between H. habilis and the gra-
cile australopithecines from South Africa
ensued (5/). The debate illustrates the
difficulties encountered when inter-
preting the East African collections in a
framework devised for the South African
fossil hominids. While taxonomic con-
siderations received paramount atten-
tion, phylogenetic aspects tended to be
obscured. More recently, Brace (52) and
Wolpoff (53) have claimed that only one
lineage of Plio-Pleistocene hominid
could be demonstrated in southern or
eastern Africa at any point in the past.
In 1975, fieldwork at Koobi Fora in
northern Kenya resulted in the demon-
stration of contemporaneity between
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Fig. 6. Comparison of
large (A.L. 333-4) and
small (A.L. 129-1a)
distal femora from
Hadar. Note the size
difference but mor-
phological identity.

KNM-ER 3733, an unequivocal Homo
erectus cranium, and KNM-ER 406, an
obvious robust australopithecine (54).
This was dramatic confirmation of earlier
interpretations that had suggested the
existence of two distinct hominid lin-
eages in the African early Pleistocene.
One lineage, commonly referred to as ro-
bust australopithecine, is represented by
specimens exhibiting craniofacial and
dental features that apparently refiect an
adaptation involving a very heavily
masticated diet (55). Members of this lin-
eage have been recovered from both
eastern and southern African deposits.
Important derived characteristics that
differentiate more evolved members of

1.0

15 KNM-ER 3733 KNM-ER 406, 732
Swartkrans Swartkrans
Homo ‘'robusts"
0.H.7, 24 0. H.5
2.0 _KNM-ER 1590
KNM-ER 1470 OMO L.7A-125
KNM-ER 1482
Sterkfontein Type
Site
25 Makapansgat
Omo 18

Time (millions of years before present)

Hadar

35
H Laetolil

40

Fig. 7. Hominid phylogeny in the Pliocene
and early Pleistocene based on the available
fossil record. Some of the more important fos-
sil samples and specimens are shown in their
approximate chronological positions. The
dark portions indicate periods from which
hominid fossils are well known.

this lineage have been recognized by nu-
merous authors 6, 4648, 56, 57). These
include extremely molarized deciduous
and adult premolars, a relatively ex-
panded postcanine dentition, and devel-
opment of mandibular and cranial fea-
tures related to a large masticatory appa-
ratus. The latter are seen especially well
in such specimens as O.H. 5 and KNM-
ER 406, which have large, anteriorly
placed zygomatics, large temporal fos-
sae, and anteriorly placed sagittal crests.
The mandibles have broad, deep rami
and heavy buttressing of the corpus.
Most if not all of these anatomical spe-
cializations are related to a craniofacial
adaptation that maximizes vertical oc-
clusal force and spreads this force across
an enlarged postcanine dentition (58).
This lineage displays no substantial ten-
dency to expand cranial capacity.

Members of the second lineage are
characterized by a contrasting suite of
dental and cranial features and have
been referred to the genus Homo. This
lineage lacks the specializations related
to a heavily masticated diet, but exhibits
a definite tendency toward expansion of
the brain. Among hominid populations
comprising this second lineage there
were undoubtedly substantial ranges of
variation in cranial capacity, and to sort
single specimens into either lineage sole-
ly on the basis of this criterion could be
misleading. Mandibles, dentitions, and
other cranial characteristics, aside from
overall cranial capacity, serve to distin-
guish this from the other, more special-
ized lineage. Ultimately, the tendencies
for brain expansion and gracilization of
the masticatory apparatus characteristic
of the earliest portions of this lineage cul-
minated in the species Homo sapiens
(59-61). Some investigators (/, 32, 33,
62) have alluded to the existence of a
third lineage in eastern Africa between 1
and 2 million years ago. The evidence for
this third species, usually regarded as
northern gracile Australopithecus, con-
sists of three or four fragmentary crania.
The morphology and dimensions of these
specimens suggest to us that they are
better considered as representatives of a
variable, sexually dimorphic Homo lin-
eage sampled through time.

Gracile australopithecine affinities.
With the demonstration of two evolving
lineages in the early Pleistocene (1.5 mil-
lion years ago) of eastern Africa, it is
necessary to reassess the phylogenetic
affinities of the South African fossil
hominids. Many students of early homi-
nid evolution consider the gracile austra-
lopithecines to most closely approximate
the ancestral hominid stock (56). Both
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robust australopithecines and the earliest
representatives of the genus Homo are
thought to have arisen either from the
gracile species represented at Taung, the
Sterkfontein Type Site, and Makapans-
gat or from a closely related form. Be-
fore the recovery and analysis of the
Pliocene fossils from Hadar and Laetolil,
such an evolutionary model best fit the
available evidence. We presently enjoy a
unique perspective afforded by the Ha-
dar and Laetolil material. Study of these
new fossils has prompted us to reexam-
ine earlier hypotheses concerning affini-
ties of the South African gracile austra-
lopithecines.

Of primary consideration in the phylo-
genetic interpretation of the South Afri-
can gracile australopithecines is their
chronological placement. The South Af-
rican cave breccias have not been radio-
metrically dated. Consideration of the
fauna from these sites relative to dated
fauna in eastern Africa leads to the
placement indicated in Fig. 7 (63, 64). It
should be noted that faunal data place
the Sterkfontein Type Site and Maka-
pansgat deposits earlier than Bed I Ol-
duvai, and postdating the Hadar and
Laetolil remains. The third site yielding a
gracile australopithecine, in fact the
holotype of A. africanus (43), is Taung.
Despite the recent claims of Partridge
(65) and Butzer (66), Taung must be con-
sidered undated (67).

It is significant that some of the gracile
australopithecine specimens from Maka-
pansgat have been considered robust by
various workers (68, 69). Even 48 years
after its description, the Taung specimen
was hypothesized to represent a late sur-
viving A. robustus (70). Many workers
have pointed out the similarities between
gracile and robust australopithecines
from South Africa in dietary adaptation
63, 56, 69) as well as locomotion (60,
61). Others have consistently maintained
a generic distinction between the forms
6, 48, 71). Our own examination of the
relevant fossils suggests an alternative to
these opposing interpretations.

Detailed morphological analysis of the
gracile australopithecine sample from
South Africa indicates an evolutionary
status consistent with its relative chrono-
logical placement. The sample differs
from the Hadar and Laetolil material in
the direction of robust australo-
pithecines. The South African gracile
australopithecine group lacks elements
in the suite of primitive characteristics
described above for the Hadar and
Laetolil hominids. It seems to share sev-
eral distinctive, derived characters with
later robust australopithecines. These in-
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Fig. 8. Buccolingual tooth crown dimensions for the fossil hominids discussed in the text. The
observed sample ranges are indicated by light horizontal lines, the arithmetic means by light
vertical lines, and 1 standard deviation from the mean by darker horizontal bars. The number of
specimens is shown in parentheses. Mesiodistal crown lengths and crown areas show the same
tendencies, but buccolingual dimensions are used in this graphic treatment because they are not
affected by interproximal attrition during the life of an individual. Only tooth crowns that are
complete or that can be estimated within 0.2 mm are included. All specimens were measured
and assigned to a sample set by one of the authors. Abbreviations: L/H, Laetolil and Hadar;
SAG, South African gracile (Taung, Makapansgat, Sterkfontein Type Site); SAR, South African
robust (Kromdraai, Swartkrans non-Homo); EAR, East African robust (Olduvai Beds I and II,
East Turkana Lower and Upper Members, Natron, Chesowanja); and EAH, East African
Homo (Olduvai Beds I and II, East Turkana Lower and Upper Members). Note the relative
placement of the gracile australopithecine sample between the earlier Laetolil and Hadar
sample and the later robust australopithecines of South Africa. Only C, P4, and M3 are dis-
played graphically, but the mesiodistal and buccolingual means of the SAG sample are inter-
mediate between the means for the L/H and SAR samples for every postcanine tooth, upperand
lower (except the P; buccolingual dimension, which is larger in SAG than in SAR). These dia-
grams lend graphic support to morphological considerations described in the text. They are
presented merely as supplementary evidence for the arguments presented there.

Fig. 9. Alternative
taxonomic  schemes
available for repre-
senting  Plio-Pleisto-
cene human evolu-
tion. Abbreviations:
H., Homo; A., Aus-
tralopithecus; Prae.,
Praeanthropus; P.,
Paranthropus; s., sa-
piens; e., erectus; h.,
habilis; r., robustus;
and afr., africanus.
Australopithecus boisei
is considered con-
specific with A. robus-
tus.

Prae. africanus

Prae. africanus

Homo afarensis

H. afarensis H. afarensis

Australopithecus afarensis|

A. afarensis

A. afarensis
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Fig. 10. (A) Cladogram of the family Hominidae. (B) Phylogenetic tree of the family Hominidae.
See text for a discussion of the views represented by these diagrams.

clude stronger molarization of the pre-
molars, increased relative size of the
postcanine dentition, increased buttress-
ing of the mandibular corpus in the sym-
physeal region, and increased robustness
of the corpus itself. Dental metrics rein-
force the hypothesis that the Sterkfon-
tein Type Site and Makapansgat gracile
australopithecines represent a link be-
tween the basal, undifferentiated homi-
nids at Hadar and Laetolil and the later
robust australopithecines (Fig. 8).

Of course, morphological and metrical
comparisons should not be expected to
unerringly place every single individual
along an evolving lineage. Our inter-
pretation of the South African gracile
australopithecines is based on a consid-
eration of the available sample charac-
teristics for the fossil hominids. We are
fully aware that individual traits and
even single specimens can be matched in
samples that we consider to represent
different evolutionary entities and ulti-
mately taxa. For example, the matching
of individual specimens and demonstra-
tion of overlap between the samples
from Sterkfontein and Swartkrans serve
to point out the general similarities of
these groups, but at the same time con-
ceal real and biologically meaningful dif-
ferences which we consider to have phy-
logenetic significance.

Likewise, it is possible to emphasize
the similarities between the Laetolil and
Hadar fossils and the gracile austra-
lopithecines from South Africa. To in-
clude the more archaic material from
eastern Africa in an already established
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gracile australopithecine phylogenetic or
taxonomic category would obscure the
evolutionary relationships and signifi-
cance of the new material. We propose
below a taxonomy consistent with these
observations.

Taxonomic Considerations

The ultimate goal of human evolution-
ary studies is to understand phylogenetic
relationships and adaptive patterns
among the hominids. Such understand-
ing has sometimes been hampered by an
emphasis on naming the hominid speci-
mens. We recognize the usefulness of
classifying fossil materials, and we agree
with Simpson (72) that ‘‘classification is
not intended to be an adequate ex-
pression of phylogeny but only to be
consistent with conclusions as to evolu-
tionary affinities.”” The evolutionary af-
finities of the Hadar and Laetolil material
are discussed above. Our interpretation
of hominid phylogeny during the Plio-
cene and Pleistocene is presented in
Fig. 7.

Taxonomic debate often stems from
the inability of Linnean nomenclature to
cope with an evolutionary progression of
paleontological remains. This becomes
particularly evident when the members
of an evolving lineage are represented by
a fairly complete fossil record. To us,
this appears to be the case for Plio-
Pleistocene hominids, and this situation
is not unique among vertebrates (63, 73).

Several alternative taxonomic

schemes may be generated on the basis
of our phylogenetic reconstruction (Fig.
7). A number of examples are shown in
Fig. 9. Alternatives a to ¢ would adopt
generic distinction for the new material
based on Senyiirek’s study (74) of the
original Garusi maxillary fragment re-
covered from Laetolil in 1939. He used
the genus Praeanthropus of Henning (75)
and the species name africanus sug-
gested by Weinert (76), producing the
binomen  Praeanthropus  africanus.
Among other problems, adoption of such
a distinction would imply that the Hadar
and Laetolil fossil hominids were signifi-
cantly different in their adaptation from
later hominids. Our examination of the
material suggests that such distinction is
inconsistent with its observed phyloge-
netic and adaptive affinities.

A scheme that places the Laetolil and
Hadar remains in the genus Homo (Fig.
9, d to f) will undoubtedly be favored by
some. Such a scheme, as shown in Fig.
9d, follows Mayr’s suggestion (49) that
all hominid fossils be placed in species of
the genus Homo. He later withdrew this
suggestion (77), stating that ‘‘The ex-
traordinary brain evolution between
Australopithecus and Homo justifies the
generic separation of the two taxa, no
matter how similar they might be in
many other morphological characters.”
We concur with this contention that the
unique adaptive and evolutionary trends
seen in the lineage leading to H. sapiens
merit generic distinction. This trend is
not yet evident in the Laetolil and Hadar
hominids. For this reason, we favor the
schemes shown in Fig. 9, g to i.

The alternatives shown in Fig. 9, h and
i, would tend to obscure phylogenetic
continuity by unnecessary generic split-
ting. The taxonomic scheme we consider
most useful in expressing our phyloge-
netic findings is shown in Fig. 9g. We fol-
low Mayr ¢9) in his perception of the ge-
nus Homo as being characterized by pro-
gressive brain enlargement associated
with increasing cultural elaboration. The
first species for which these trends can
be discerned is Homo habilis (50).

The juvenile status of the Taung holo-
type specimen of A. africanus precludes
its precise phylogenetic placement. We
agree with the traditional and widely ac-
cepted approach in which the specimen
is considered to be indistinguishable
from the Sterkfontein Type Site fossils
,6,22,48,49, 56, 57, 69, 78, 79). Since
the latter sample is significantly less
primitive than the Hadar and Laetolil
material, a new species of the genus Aus-
tralopithecus has been created (80). This
most primitive Australopithecus species
is A. afarensis and is based on the holo-
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type specimen L.H.-4 as well as a series
of paratypes from both Laetolil and Ha-
dar. It obtains its name from the Afar re-
gion of Ethiopia, which has produced the
most abundant evidence.

Discussion

We have presented the phylogenetic
hypothesis that most parsimoniously ac-
commodates the new fossil hominids
from Laetolil and Hardar (Fig. 10). The
recovery of the well-dated Hadar and
Laetolil hominids extends our understand-
ing of human origins well into the Plio-
cene. The implications of the new material
for understanding the mode and tempo of
hominid evolution are great. The appar-
ent lack of morphological differences be-
tween fossils separated by at least 0.5
million years at Laetolil and Hadar sug-
gests relative stasis in the earliest docu-
mented portions of hominid evolution.
The dramatic morphological changes ini-
tiated between 2 and 3 million years ago
suggest that this relative stasis was up-
set. Although the precise reasons for the
phyletic divergence that led to A. robust-
us through the earlier, intermediate A.
africanus are not well understood, a
South African origin for this stock is
plausible. Whatever the case, the clear
niche divergence between H. erectus
and A. robustus about 1.5 million years
ago indicated by the eastern African fos-
sil record indicates that an increased
evolutionary rate for the period between
2 and 3 million years ago may ultimately
be shown by larger fossil samples.

Another implication of the new fossil
hominid material concerns sexual di-
morphism. The extent of size and mor-
phological variation in the Pliocene
hominids from Hadar and Laetolil comes
as no surprise, since later portions of the
hominid fossil record also show greater
sexual dimorphism than exists among
modern humans (52, 81, 82). However,
although the Laetolil and Hadar fossil
hominids show marked body size di-
morphism, the metric and morphological
dimorphism of the canine teeth is not as
pronounced as in most other extant,
ground-dwelling primates. This implies a
functional pattern different from that
seen in other primates and may have sig-
nificant behavioral implications.

In this article we have avoided placing
emphasis on taxonomic problems inher-
ent in paleontological material. Instead,
we have tried to provide a phylogenetic
framework for the early Hominidae that
will allow anatomical, biomechanical,
and behavioral studies of fossil humans
to proceed constructively.

26 JANUARY 1979

1.

wm AW

N

el

20.

21.

—_

22.
23.

24.

25.

26.

27.

References and Notes

A. Walker and R. E. F. Leakey, Sci. Am. 239,
54 (August 1978).

. Y. Coppens, F. C. Howell, G. LI. Isaac, R. E.

F. Leakey, Eds., Earliest Man and Environ-
ments in the Lake Rudolf Basin (Univ. of Chi-
cago Press, Chicago, 1976).

. C. J. Jolly, Ed., Early Hominids of Africa (St.

Martin’s, New York, 1978).

. P. V. Tobias, Annu. Rev. Anthropol. 2, 311

(1973).

. F. C. Howell, in Mammalian Evolution in Af-

rica, V. J. Maglio and H. B. S. Cooke, Eds.
(Harvard Univ. Press, Cambridge, Mass., 1978),
p. 154.

. J. T. Robinson, Early Hominid Posture and Lo-

comotion (Univ. of Chicago Press, Chicago,
1972).

. We are aware of the hominid specimens from

Lothagam (5.5 million years), and Kanapoi
(about 4.0 million years). However, these re-
mains are so fragmentary that accurate assess-
ment of their taxonomic affinities is difficult.
M. D. Leakey. R. L. Hay, G. H. Curtis, R. E.
Drake, M. K. Jackes, T. D. White, Nature (Lon-
don) 262, 460 (1976).

T. D. White, Am. J. Phys. Anthropol. 46, 197
(1977).

. M. Taieb, D. C. Johanson, Y. Coppens, J. L.

Aronson, Nature (London) 260, 289 (1976).

. J. L. Aronson et al., ibid. 267 323 (1977).
. D. C. Johanson and M. Taieb, ibid. 260, 293

(1976).

, B. T. Gray, Y. Coppens, in Geologi-
cal Background to Fossil Man, W. W. Bishop,
Ed. (Scottish Academic Press, Edinburgh,
1978), p. 549.

. M. Taieb, D. C. Johanson, Y. Coppens, J.-J.

Tiercelin, C. R. Acad. Sci. Paris Ser. D 287, 459
(1978).

. D. C. Johanson, M. Taieb, Y. Coppens, H.

Roche, ibid., p. 237.

. D. C. Johanson and Y. Coppens, Am. J. Phys.

Anthropol. 45, 217 (1976).

. M. Taieb, Bull. Mem. Soc. Anthropol. Paris 2

(No. 13), 87 (1975).

. D. C. Johanson, Natl. Geogr. 150, 790 (1976).
19.

M. Taieb, D. C. Johanson, Y. Coppens, R. Bon-
nefille, J. Kalb, C. R. Acad. Sci. Ser. D 279, 735
(1974).

M. Taieb, D. C. Johanson, Y. Coppens, ibid.
281, 1297 (1975).

M. Taieb, Y. Coppens, D. C. Johanson, R. Bon-
nefille, Bull. Mem. Soc. Anthropol. Paris 2 (No.
13), 117 (1975).

W. E. Le Gros Clark, J. R. Anthropol. Inst. 80,
37 (1950).

Figure 6 clearly indicates that the observed
ranges of buccolingual tooth diameters in the A.
afarensis teeth are no larger than in the other
fossil hominid samples. The coefficients of vari-
ation of the buccolingual diameters for the lower
molars of A. afarensis are as follows: M, 7.1
(N =16), My, 7.9 (N = 17), M,, 7.7 (N = 12).
Comparable figures for Pan troglodytes (83) are:
M,, 5.2 (N = 409), M,, 5.8 (N = 333), M,, 6.0
(N = 252); for Pan paniscus &4): M,, 6.8
(N = 91), My, 6.6 (N = 50), M,, 5.9 (N = 28);
Gorilla gorilla 85): My, 6.4 (N = 374), M,, 7.0
(N = 370), My, 7.9 (N = 335); Pongo pygmaeus
&5): My, 8.1 (N = 129), M,, 9.6 (N = 133), M,
9.6 (N = 110); Homo sapiens (86): M,, 7.2
(N =558), M,, 8.7 (N=529, M, 105
(N = 448). Hence, the coefficients of variation
for the A. afarensis molars are well within the
ranges derived for extant hominoids.

The lack of a distinct P, metaconid in some Ha-
dar specimens may be interpreted by some as
taxonomically diagnostic. However, our own in-
vestigation of the variability in this feature in
both extant and extinct hominoids suggests that
the presence or absence of a P, metaconid has
minimal phyletic valence.

Not enough of the A.L. 288-1 cranium is pre-
served to provide meaningful metric com-
parisons between it and the A.L. 333-45 speci-
men. However, differences in vault thickness,
temporal line expression, and nuchal crest de-
velopment are indicative of a degree of sexual
dimorphism similar to that found in the common
chimpanzee.

W. H. Kimbel of the Cleveland Museum of Nat-
ural History, together with the authors, is cur-
rently undertaking an in-depth study of the cra-
nial remains from Hadar.

The variation in Hadar and Laetolil adult man-
dible height and breadth measurements at the
junction of M, and M, is large [N = 12, coeffi-
cient of variation (CV) for height = 11.40; CV
for breadth = 11.19), but not excessive when
compared to the variation observed in samples
of modern Homo sapiens (N =20; CV for

28.

29.

30.

31.

32.
33.

34.
3s.

36.

37.

38.
39.

52.

53.
54.

55.

56.

57.

58.
59.

height = 8.85; CV for breadth = 11.59), Pan
troglodytes (N = 21; CV for height = 10.79; CV
for breadth = 9.42), and Gorilla gorilla
(N =122; CV for height = 11.07; CV for
breadth = 7.54). The high degree of variation in
mandibular breadth among hominids reflects the
relatively forward position of the corpus-ramus
junction.
D. C. Johanson, C. O. Lovejoy, A. H. Burstein,
K. G. Heiple, Am. J. Phys. Anthropol. 44, 188
(1976).
Using an average of biepicondylar breadth and
medial and lateral condylar height measure-
ments, we find that the difference between the
largest (A.L. 333-4) and smallest (A.L. 129-1a)
Hadar femora is 80.8 percent. Comparable fig-
ures for Libben Amerindians (X, 89.6 percent;
maximum, 73.5 percent, N = 50), Pan troglo-
dytes (X, 95.1 percent; maximum, 80.6 percent,
N = 20), and Gorilla gorilla (X, 76.0 percent;
maximum, 61.9 percent, N = 30) indicate that
the percentage difference between Hadar fe-
mora does not exceed ranges for other homi-
noids.
C. O. Lovejoy of Kent State University, togeth-
er with the authors, is currently engaged in in-
tensive descriptive and analytic study of the Ha-
dar postcranial remains.
Some of our previously published inter-
pretations of the Laetolil and Hadar fossil homi-
nids differ from those presented here. This is be-
cause a more thorough study of the material has
prompted us to elaborate and clarify some of
these earlier preliminary statements.
R. E. F. Leakey, Am. Sci. 64, 174 (1976).
_ and R. Lewin, Origins (Dutton, New
York, 1977); People of the Lake (Doubleday,
Garden City, N.Y., 1978).
E. L. Simons, Sci. Am. 236, 28 (May 1977).
D. R. Pilbeam, G. E. Meyer, C. Badgley, M. D.
Rose, M. L. Pickford, A. K. Behrensmeyer, S.
M. Ibrahim Shah, Nature (London) 270, 689
1977).
E. L. Simons, J. Hum. Evol. 5, 511 (1976).
S. L. Washburn, in Background for Man, P.
Dolhinow and V. Sarich, Eds. (Little, Brown,
Boston, 1971), p. 82.
0. J. Lewis, J. Hum. Evol. 2, 1 (1973).
V. Sarich, in Background for Man, P. Dolhinow
and V. Sarich, Eds. (Little, Brown, Boston,
1971), p. 60.

and A. C. Wilson, Science 158, 1200
(1967).

. W. L. Straus, Q. Rev. Biol. 24, 200 (1949).
. C. O. Lovejoy and R. S. Meindl, Yearb. Phys.

Anthropol. 16, 18 (1973).

. R. A. Dart, Nature (London) 115, 195 (1925).

. L. S. B. Leakey, ibid. 184, 491 (1959).

. R. Broom, ibid. 142, 377 (1938).

. —and J. T. Robinson, ibid. 164, 322 (1949).
. R. Broom, Am. J. Phys. Anthropol. 8, 1 (1950).

. J. T. Robinson, Mem. Transvaal Mus. 9, 1

(1956).

. E. Mayr, Cold Spring Harbor Symp. Quant.

Biol. 15, 109 (1951).

. L. S. B. Leakey, P. V. Tobias, J. R. Napier,

Nature (London) 202, 7 (1964).

. J. T. Robinson, ibid. 205, 121 (1965); ibid. 209,

959 (1966); L. S. B. Leakey, ibid., p. 1279; P. V.
Tobias, ibid., p. 953; C. L. Brace, P. E. Mahler,
R. B. Rosen, Yearb. Phys. Anthropol. 16, 50
(1973).

C. L. Brace, Yearb. Phys. Anthropol. 16, 31
(1973).

M. H. Wolpoff, ibid. 17, 113 (1974).

R. E. F. Leakey and A. C. Walker, Nature
(London) 261, 572 (1976). KNM-ER is Kenya
National Museum'’s designation for East Tur-
kana fossils.

Robinson (6, 48) pioneered the interpretation
that the cranial and dental specializations of the
robust hominid species reflect a diet demanding
extensive mastication. This diet was thought to
consist almost exclusively of vegetal material.
P. V. Tobias, Olduvai Gorge, vol. 2, The Cra-
nium and Maxillary Dentition of Austra-
lopithecus (Zinjanthropus) boisei (Cambridge
Univ. Press, Cambridge, 1967).

F. C. Howell, in Perspectives on Human Evolu-
tion, S. L. Washburn and P. Dolhinow, Eds.
(Holt, Rinehart & Winston, New York, 1972),
vol. 2, p. 51.

T. D. White, thesis, University of Michigan
(1977).

The emphasis on distinctive cranial and dental
anatomy of members of these two lineages is not
intended to overshadow the possibility that dif-
ferences in postcranial anatomy may be found.
No essential differences in basic locomotor
mode of Plio-Pleistocene hominids have yet
been convincingly delineated [(60) versus (6)],
but minor morphological differences may ulti-
mately allow distinctions to be made between or

329



within the two lineages on the basis of the post-
cranial skeleton (61).

60. C.90. Lovejoy, Yearb. Phys. Anthropol. 17, 147
(1974).

61. A. C. Walker, J. Hum. Evol. 2, 545 (1973).

62. R. E. F. Leakey, Nature 248, 653 (1974).

63. T. D. White and J. M. Harris, Science 198, 13
(1977).

64. E. S. Vrba, Nature (London) 254, 301 (1975).

65. T. C. Partridge, ibid. 240, 75 (1973).

66. K. W. Butzer, Curr. Anthropol. 15, 367 (1974).

67. W. W. Bishop, in Early Hominids of Africa, C.
J. Jolly, Ed. (St. Martin’s, New York, 1978).

68. E. Aguirre, Cron. 11th Congr. Nac. Arguel. Ma-
drid (1970), p. 98.

69. J. A. Wallace, in Paleoanthropology, Morpholo-
gy and Paleoecology, R. H. Tuttle, Ed. (Mou-
ton, The Hague, 1975), p. 203.

70. P. V. Tobias, Nature (London) 246, 79 (1973).

71. R. J. Clarke, thesis, University of the Witwa-
tersrand (1978).

72. G. G. Simpson, in Classification and Human
Evolution, S. L. Washburn, Ed. (Aldine, Chi-
cago, 1963), p. 1.

73. (\;.97.13.) Maglio, Trans. Am. Philos. Soc. 63, 1

74. M. Senyiirek, Belleten (Ankara) 19, 1 (1955).

75. (E].g‘lt-g,nnig, Naturwiss. Rundsch. 1 (No. 5), 212

76. H. Weinert, Z. Morphol. Anthropol. 42, 113
(1950).

77. E. Mayr, in Classification and Human Evolu-
tion, S. L. Washburn Ed. (Aldine, Chicago,
1963), p. 332.

78. P. V. Tobias, Curr. Anthropol. 6, 391 (1965).

79. D. R. Pilbeam, The Ascent of Man (Macmillan,
New York, 1972), p. 1.

80. D. C. Johanson, T. D. White, Y. Coppens, Kirt-
landia No. 28 (1978).

81. F. Weidenreich, Palaeontol. Sin. Ser. D, No. 10
(1943).

82. H. de Lumley and M.-A. de Lumley, Yearb.
Phys. Anthropol. 17, 172 (1974).

83. D. C. Johanson, Am. J. Phys. Anthropol. 41, 39

(1974).
84. , thesis, University of Chicago (1974).
85. F E. Mahler, thesis, University of Michigan
1973).

Fission Power:

An Evolutionary Strategy

Harold A. Feiveson, Frank von Hippel, Robeit H. Williams

The spread of civilian nuclear power
technology is being accompanied by the
spread of the knowledge and material re-
quired for the production of nuclear
weapons. Concern has focused espe-
cially on the plutonium fuel cycle—in the

power systems that might be more nucle-
ar weapons ‘‘proliferation resistant’’ (/).
Our purpose here is to explore the poten-
tial role of such alternative systems in
the development of nuclear power in the
United States and abroad.

Summary. Motivated by concerns about the difficulty of safeguarding the large
flows of plutonium in a breeder reactor fuel cycle, we explore the resource and eco-
nomic implications of a strategy in which there is no nuclear weapons-usable material
in fresh reactor fuel. The strategy involves the deployment of already developed types
of advanced converter reactors which, unlike the breeder, can be operated effectively
on proliferation-resistant once-through fuel cycles. Advanced converter reactors
could be much more uranium-efficient on once-through fuel cycles than current sys-
tems and therefore could compete economically with breeders up to very high urani-
um prices. If necessary, the uranium requirements of an advanced converter reactor
system could be reduced much further with the recycling of isotopically denatured
uranium, but any commitment to a closed fuel cycle would be unnecessary for many

decades.

short term on efforts to commercialize
nuclear fuel reprocessing for the recov-
ery of plutonium and in the long term on
the related efforts to commercialize the
plutonium breeder reactor.

In response to these concerns the Car-
ter Administration in 1977 called for a
deferral of U.S. programs aimed at the
commercialization of the plutonium fuel
cycle, and initiated national and inter-
national studies of alternative nuclear

We do not pretend that the problem of
nuclear proliferation can be solved sim-
ply by developing an alternative to the
plutonium breeder. A large number of
nations could develop a nuclear weapons
capability outside their nuclear power
programs (2). One cannot, therefore, ex-
pect a nonproliferation strategy to suc-
ceed if it does not grapple with the politi-
cal and security incentives and dis-
incentives for countries to acquire nucle-

330 0036-8075/79/0126-0330$02.00/0 Copyright © 1979 AAAS

86. M. H. Wolpoff, Case West. Reserve Univ. Stud.
Anthropol. No. 2 (1971).

87. We express our appreciation to the Provisional
Military Government of Socialist Ethiopia and
the United Republic of Tanzania for providing
encouragement and cooperation during field-
work at Hadar and Laetolil. We thank the fol-
lowing for financial support: National Science
Foundation, National Geographic Society, L. S.
B. Leakey Foundation, Wenner-Gren Founda-
tion, Cleveland Museum of Natural History, and
Centre National de la Recherche Scientifique
(CNRS). M. D. Leakey kindly made the Laetolil
fossils available for our study. Thanks are due
F. C. Howell for critically reviewing the manu-
script. Y. Rak, O. Lovejoy, and G. Eck pro-
vided helpful comments and observations. Dr.
Lovejoy kindly provided the Libben Amerin-
dian data. Special gratitude is expressed to
W. H. Kimbel, who contributed valuable as-
sistance and comments during the preparation
of this article. This study was based on homi-
pid(8z;))ecimens from Hadar and Laetolil listed
in .

ar weapons. More fundamentally, it is
unlikely that in the long term, prolifera-
tion of nuclear weapons can be stopped
while the nuclear weapons states contin-
ue to act as if nuclear weapons are politi-
cally useful things to have.

Nevertheless, we believe that prolifer-
ation resistance should be an important
criterion guiding the choice of future nu-
clear power technologies, because some
of these technologies, by providing na-
tions access to weapons-usable material,
can directly contribute to a process of
““latent proliferation,”’” whereby nations
move inexorably closer to a weapons ca-
pability without having to declare or de-
cide in advance their actual intentions
3). Reprocessing for recycling of pluto-
nium is one of these technologies, since
it involves the recovery of a nuclear
weapons-usable material from *‘spent’”
reactor fuel and its subsequent process-
ing and redistribution in chemically sepa-
rable form in fresh fuel (see Fig. 1).

We have discussed the relative prolif-
eration resistance of different fuel cycles
elsewhere (4-6). Here we present an
analysis of the technical and economic
viability of some of the systems that we
have proposed as alternatives to the plu-
tonium breeder. In particular, we ex-
plore the question of whether the pro-
posed alternatives to the plutonium-
fueled breeder reactor would allow the
development of fission power on a large
scale.

Our current nuclear power system
does not assure the long-term future of
nuclear energy. It is extremely wasteful
of our limited resources of uranium in
high-grade ore because it exploits only
about one-half of 1 percent of the fission
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