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Afar TriangleAlthough fossils from the southern portion of the Ethiopian 
Rift have been known since the 1902 (de Bozas French 
Expedition to the Omo), the paleoanthropological potential of 
the Awash River basin, which traces the Afar Rift, was not 
realized until the 1965 discovery of Melke Kunture by United 
Nations Development Programme water project personnel 
and its excavation by Chavaillon (Chavaillon et al., 1979). 
Chavaillon influenced geology student Maurice Taieb, who 
explored further north in the Afar basin in the late 1960’s. 
Taieb discovered many fossiliferous areas, including what 
would later become the Middle Awash and Hadar 
paleoanthropological study areas. After reconnaissance work 
in 1970, Taieb was joined in 1972 by John Kalb, Yves 
Coppens, and Donald Johanson. They formed the 
International Afar Research Expedition (IARE) and began 
work at Hadar 1973.

Omo (1900’s,
1930’s-1960’s)

The Afar Triangle	

1970’s-present
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Lower strata at Omo were about 3 Ma.	

!

They had teeth (no skulls)	

!

Everyone was saying they were Au. africanus
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AL (Afar locality) 129 knee 
joint. 	


Johansen took it to Nairobi 
without telling Taib or Kalb.
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             Donald Johanson: When I found Lucy in 1974, I was walking in a very desolate, remote part of Ethiopia known as Hadar. At the Hadar 
site we had found fossilized remains of all kinds of animals. Elephants, rhinos, gazelles, monkeys, and so on. But our main goal, of course, was to 
find as many human ancestor fossils as we could. We had found some things in 1973 that titillated us and alerted us to the fact that these 
geological deposits would, in fact, have human ancestor fossils. On this November morning, it was about noon, I was heading back to my Land 
Rover to drive back to camp. And I happened to look over my right shoulder. And as I did so, I saw a fragment of a bone which I recognized as 
coming from the elbow region in a skeleton, and that it was too small to be anything but one of these Hominids. And the anatomy was right. And 
almost instantaneously, I was with a student of mine at that time, Tom Gray, we realized that there were fragments of her, of this skeleton, that 
were distributed along a slope. There was a piece of a leg, there was a piece of a pelvis, there was a piece of a jaw, there was a piece of a skull. 
And I realized almost instantaneously that we had part of a skeleton. Normally, we are happy to find a fragment of jaw, a few isolated teeth, a bit 
of an arm, a bit of a skull. But to find associated body parts is extremely rare. I realized that no matter what it was, even if it was from a creature 
that we already knew about, another kind of human ancestor that had already been studied and named and so on, it was going to be important 
because so few discoveries had arms associated with legs, bits of skull associated with a pelvis. I realized immediately that this was a terribly 
important find, a terribly important discovery, but I didn't realize at the moment how important it would be until we had spent a lot of time in 
the laboratory studying her.  http://www.achievement.org/autodoc/page/joh1int-1

1974: Lucy

A.L. 288-1
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Hadar

Materials and methods

Comparative sample of extant sites

Forty-two modern African sites consisting of national
parks, game reserves, or spatially bounded areas that include

habitats from forests through desert were used to establish a
baseline of comparative mammalian communities in which
habitat structure was known (Swynnerton, 1958; Lamprey,
1962; Child, 1964; Vesey-Fitzgerald, 1964; Sheppe and
Osborne, 1971; Smithers, 1971; Rautenbach, 1976, 1978a,
1978b; Ansell, 1978; Behrensmeyer 1991; Delany and
Happold, 1979; Bremen and de Wit, 1983; Happold, 1987;
Lanjouw, 1987; Emmons et al., 1983; Skinner and Smithers,
1990; Behrensmeyer et al., 1979). Each modern site was
assigned a general habitat structure based on observation or
written accounts of the area (Table 1). In general, the habitat
for each of these sites is mosaic and so the choice of assigning
it to one particular habitat or another is somewhat arbitrary.
Sites that encompass woodland/bushland/edaphic grassland,
for example were assigned to the dominant vegetation type,
(e.g., bushland) after the broad categories of White (1983).
Parks or reserves that were a combination of disparate vegeta-
tion physiognomies were assigned to the ecotone category. For
example, the Aberdares National Park includes both forests
and mountain heath and is classified here as an ecotone.

The substrate and trophic adaptations for each mammalian
species from each extant locality was recorded (Table 2) based
on published behavioral observations, examinations of stom-
ach contents, or isotopic studies of enamel, keratin, or hair
(Dorst and Dandelot, 1969; Smithers, 1971; Hoffman and
Stewart, 1972; Kruuk, 1972; Kingdon, 1974a, 1974b, 1977,
1979, 1982a, 1982b; Happold, 1987; Skinner and Smithers,
1990; Estes, 1991; Kitchener, 1991; Harris and Cerling,
2002; Cerling et al., 2003; Sponheimer et al., 2003). There
are 140 large mammal species from all sites and a list of
most of these mammals and their trophic and substrate adap-
tations can be found in Reed (1998).

Ecological diversity analyses have previously used extant
mammalian species of all body sizes (e.g., Andrews et al.,
1979; Andrews, 1989) and of body mass greater than 500 g
(Reed, 1997, 1998). However, the Hadar faunal collection is
biased against small to medium-sized mammals. Therefore,
a comparative data sample was created from the modern sites
by using only mammal species with body masses greater than
4 kg. Soligo and Andrews (2005) have noted that the correct
comparative sample should be used for habitat reconstructions
otherwise overestimation of fauna with particular adaptations
may occur. Of course, the comparative sample of mammalian
communities must also be able to inform about habitat type in
the modern sites used. Another comparative dataset was cre-
ated from the modern sites in which only the taxonomic
groups most often recovered at Hadar were used. These
include: Artiodactyla, Perissodactyla, Proboscidea, and Pri-
mates. The primate group included only cercopithecoids as
hominins were removed from both modern and fossil sites
for that analysis. The selection of adaptations used for this
analysis is different from those used with the larger compara-
tive sample (Table 2) and includes a break down of the fruit
plus (fruit plus insects or leaves) trophic category into frugi-
vore browsers (fruit and leaf eating; mostly cephalophins
and some neotragins), more folivorous primates (colobines),
and more omnivorous or frugivorous primates (cercopithecins

Fig. 1. Composite stratigraphic section of the Hadar and Busidima Formations
at Hadar (courtesy of C. Campisano). Tuffs, major marker beds, and submem-
ber divisions are labeled alongside the section. 40Ar/39Ar dates and paleomag-
netic transitions from Schmitt and Nairn, 1984; Renne et al., 1993; Walter and
Aronson, 1993; Walter, 1994; Kimbel et al., 1996, 2004; Semaw et al., 1997;
and Campisano, 2007. Previously published 40Ar/39Ar dates have been recal-
culated to reflect the updated age of the Fish Canyon sanidine standard (in-
creased by approximately 0.65%; Renne et al., 1998). The left column
depicts the changes in depositional environment from clays to gravels. The
right hand column equates the submembers discussed in the text with the de-
positional environments and the dates. Key: c¼ clays; z¼ silts; s¼ sands;
g/v/b¼ gravel, conglomerate, volcanoclastics, bioclastics.

745K.E. Reed / Journal of Human Evolution 54 (2008) 743e768

Lucy

AL 333
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L. H. 4	

!

found in 1974

Johanson, D. C., T. D. White, et al. 1978. A New Species of the Genus Australopithecus (primates: 
Hominidae) from the Pliocene of Eastern Africa, Cleveland Museum of Natural History; distributed by 
Kent State University Press. 

Laetoli: ~13 total hominids	

Laetoli footprints	


Type specimen of Au. afarensis: L.H. 4
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Australopithecus 
afarensis
!
Date of Publication:  1978	

!
Currently used nomen: Australopithecus afarensis	

!
Species as named: Australopithecus afarensis	

!
Authors: Donald Johansen, Tim White, Yves Coppens	

!
Holotype: Australopithecus afarensis	

!
Citation: Johanson, D. C., T. D. White, et al. 1978. A New Species 
of the Genus Australopithecus (primates: Hominidae) from the 
Pliocene of Eastern Africa, Cleveland Museum of Natural History; 
distributed by Kent State University Press.	

Synonomy: Australopithecus afarensis	

!
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Note that the Leakey’s are not in on the action!	

Mary Leakey was running things at Laetoli!	


Leakey’s called LH 4 and ALL NON-ROBUSTS Homo



Garusi (Laetoli) maxilla 
fragment found 1939

Date of Publication:  1950	

Currently used nomen: Australopithecus afarensis	

Species as named: Meganthropus africanus	

Authors: Hans Weinert	

Holotype: Garusi 1	

Citation: Weinert, H. 1950. Uber die neuen Vor-und Fruhmenschenfunde aus Afrika, Java, 
China und Frankreich. Zeitschrift für morphologische Anthropologie 42: 113-148.	

Synonomy: Australopithecus afarensis
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Praeanthropus africanus  
??
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Au. afarensisChimp Human
13

In the 1970’s Lucy was about 1 million years OLDER than 
the earliest well-known hominid species.

It was, in many ways, seen as the “missing link-a bipedal ape.”

AL 200-1

Cranial capacity was approximately 375cc-550cc... chimp-like
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Arboreal behavior?

Was Au. afarensis 
bipedality different?

CH I MPANZEE AL288las H U M A N  

w 

GORILLA 
Fig. 13. Lateral view of talus. Each drawing is approx- 

imately 5/6 natural size. The lateral margin of the talar 
tmchlea extenda far distally in apes, but appears truncated 
in humans (arrows). The distal "prolongation" in apes may 
be a compensatory development to allow a reasonable range 

PLANTARFLEXED 

DORSIFLEXED , 

AL288- I HUMAN 
Fig. 14. The talus and fibula articulated 80 as to dem- 

onstrate the maximum extenta of dorsiflexion and plantar- 
flexion permitted by the configuration of the opposing ar- 
ticular surfaces. The greater degree of plantadexion 
permitted in AL 288-1 is a point of similarity between the 
fossil and apes. Due to the structure of the distal articular 
facet of the fibula, the human joint appeam eapable of greater 
domiflexion even though the lateral margin of the Mar 
troehlea is truncated distally (see Fig. 13). The actual amount 
of domiflexion that occurs is dependent on neighboring soft- 

tissue structures. 

ORANGUTAN 
of dorsiflexion at the ankle despite a plantarflexion set to 
the joint. The AL 288-las talus also has this compensatory 
distal prolongation of the lateral margin of the talar troch- 
lea. 

ied, the peroneus longus and brevis exhibited 
marked electrical activity during the support 
phase of locomotion on either horizontal or ver- 
tical trunks. Because, in these species, the per- 
oneus longus inserts primarily onto the base 
of the fist metatarsal, one might be inclined 
to interpret the activity of this muscle during 
locomotion on branches as being related to its 
action on the hallucal tarsometatarsal joint. 
However, such an interpretation cannot be made 
with confidence unless peroneus brevis is not 
simultaneously active. We observed episodes 
of independent activity in peroneus longus 
during postural behaviors on supports of small 
diameter and on the vertical trunk, but not 
during locomotion on such supports. Thus, we 
do not rule out the possibility that it is an 
action performed by both muscles that is most 
significant for interpreting their roles in non- 
human primate locomotion. This action is 
pronation (i.e. eversion) of the foot. Such pron- 
ation is important in order to regulate the 
transfer of weight onto that part of the forefoot 
between the hallux and second toe. 

Locomotion on the cage floor produced very 
different EMG results. In chimpanzees, both 
peroneal muscles were virtually silent during 
quadrupedal walking on the ground. When the 
animals walked bipedally the pattern of re- 
cruitment during the support phase varied from 

Yes, significantly	

Stern and Sussman, 1983

Not significantly	

Lovejoy, 1981-present
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as simply less divergent from the pongid pat- 
tern than are later australopithecines. 

To summarize, the structure of the large 
proximal femora from Hadar gives no indica- 
tion that the represented individuals were sig- 
nificantly different from modem humans in 
either frequency or manner of terrestrial bi- 
pedality. The small proximal femur is much 
less human-like in overall appearance and 
probably came from an individual with the 
ability to abduct the hip in the manner of pon- 
gids. Presumably such ability would have suited 
those incipient bipeds for movement in the trees. 

A study of the AL 129-1 knee from 
the Afar by Johanson et al. (1976) pointed to 
the high femoral bicondylar angle, deep pa- 
tellar groove, and the elliptical lateral femoral 
condyle as features that also characterize the 
modem human knee joint and that indicate the 
capacity for hyperextension (sic) and associ- 
ated lateral tibial rotation of the fully erect 
biped. Tardieu (1979), examining the same 
specimens, found the patellar groove, its lat- 
eral lip, and the degree of lateral condyle el- 
lipticity to be only incipiently developed in the 
AL 129-1 knee. 

We have examined the degree of valgus and 
the shape of the patellar groove in two reason- 
ably well-preserved distal femora from Hadar: 
the small specimen AL 129-la and the large 
specimen AL 333-4. A high degree of valgus, 
15”, is found in AL 129-la. Such a high bicon- 
dylar angle characterizes the South and East 
African australopithecines (Heiple and Love- 
joy, 1971; Walker, 1973), but is uncommon in 
modem adult humans (Walker, 1973).1° In the 
larger AL 333-4 specimen we estimate the bi- 
condylar angle to be 9 degrees, a value very 
near the human mean (Walker, 1973). 

Knee. 

In order to assess the shape of the patellar 
groove, we have attempted to take measure- 
ments on photographs of the relevant speci- 
mens viewed distally, following the technique 
described by Wanner (1977). We encountered 
no difficulty in assessing the relative heights 
of the lateral and medial lips of the patellar 
groove, but measurements of the angle of in- 
clination of the medial and lateral surfaces of 
the groove, as well as of the lengths of these 
surfaces, are influenced greatly by the iden- 
tification of the lowest point in the patellar 
groove. This point is particularly difficult to 
identify in the Hadar material because, unlike 
the condition in most modem femora, the groove 
has a rounded contour (Fig. 8). Therefore, we 
shall make only general comments about these 
angles and lengths. Two other measures re- 
lated to the prominence of the lateral lip of the 
patellar groove are presented by Halaczek 
(1972). First is the “condylar length ratio”: the 
total anteroposterior length (including the lip 
of the patellar groove) of the lateral condyle 
divided by that of the medial condyle. Second 
is the “condylar tangent angle”: the angle made 
by a line tangential to the lips of the patellar 
groove with a line tangential to the posterior 
surfaces of the condyles. 

Our results agree with Tardieu’s in showing 
that the AL 129-la distal femur is character- 
ized by a lateral lip of the patellar groove which 

l%’algus an peat  as that which ocn~rs in auetralopithmnes is aleo 
typical of 3- to &year old chddren (Saleniun and Vankka. 1976) Chll- 
dren this age stand with their legs q h y e d  out (Bayer and Bayley. 
1969. Krogmao. 1972). that is, they are knock kneed Our observa 
tiona indicate that even dunng  walking the tibial shafts of young 
children are not perpendmlar  to the gmund. raining the possibility 
that the plane of the tlbiofemoral jomt is not parallel to the gmund 
Therefore. i t  does not necessarily follow that thisjoint must have been 
parellel to the gmund in human an cent^?^ (also eee Jenkins. 1972) 

HUMAN AL333-4 

Fig 8 Outline of the distal surface of the femur Lateral 
is to the left, medial to the nght  The human drawng is 
reproduced frum Heiple and Lovejoy (1971) Humane are 
charactenzed by long condylee and a prominent lateral lip 
of the patellar groove The m a l l  AL 129-la distal femur 
has markedly shorter condyles and a patellar p v e  that 
is charactenzed by vanous m e t n a  (see text) that fall w t h n  

the range of humans near to the extreme closest to apes 
The 1- AL 333-4 distal femur h a  short condylee and a 
patellar groove very dutmct from that in modem humane 
For cornpanson. a view of the woolly monkey (Logothru 
Ingothmha) distal femur is shown to illustrate that in shape 
it is as nimilar to humans a8 is AL 333-4 

downstream growth rates in an otherwise unperturbed anlagen,
could have had the same effects. Rather, we are suggesting that
subtle shifts in the disposition of PI are the most probable
morphogenetic mode of evolution of the hominid pelvis, and that
such shifts are the primary source of most anatomical changes
that have been achieved in mammalian bones.

Consider how profoundly such a hypothesis affects the manner
in which the differences between the pelves of Australopithecus
and a chimpanzee (as an example) are interpreted (Fig. 1). In
both functional and phylogenetic analyses of this transition using
conventional methods, each of many anatomical differences
would typically be isolated and treated independently (see, e.g.,
refs. 46–48). However, the fundamental differences are that the
hominid ilium and sacrum are dramatically shorter (superoin-
feriorly) and broader (mediolaterally). The neck of the hominid
femur and the anterior parts of its pelvis (the pubic and ischial
rami) have all participated in these same dimensional changes.
Collectively, all are consistent either with a broadening and
shortening of the morphogenetic field(s) responsible for the

initial form of the entire pelvic region or by a systematic change
in postanlagen growth with similar geometric effects. None of
these individual differences is likely to have been specifically and
separately fixed in the genome because virtually none is likely to
have been a consequence of localized gene expression specific to
each defined trait. Subtle changes in presumptive tissue fields
such as those hypothesized here will typically yield many down-
stream effects, but only the most prominent are likely to have had
a sufficiently significant effect on function to actually affect
fitness. Except in rare instances (which can possibly serve as
examples of punctuated ‘‘breakthrough’’ adaptations), most
others will merely be retained byproducts of the primary
changes. The transverse distance between the hip joints of the
early hominid pelvis can serve to illustrate this important point.

A notable consequence of the overall broadening of the early
hominid pelvis is that the relative distance between the two hip
joints was also increased. This is an apparent disadvantage
during bipedal locomotion because it requires greater abductor
contraction during the single leg phase (i.e., it reduces the lever
arm length of the pelvic stabilizers). Does this increased distance
therefore ‘‘demand some special functional explanation’’ as
several authors have insisted (ref. 49, p. 285; see also ref. 50)?
The answer is very probably no, so long as consideration is given
to the manner in which the ancestral–descendant transition is
likely to have been achieved morphogenetically, and the entire
pelvis is not atomized into component parts that, in fact,
probably have no individual, separable, heritability (51). By what
other genetic means than that outlined here was the hominid
pelvis so systematically and rapidly altered? By separate, inde-
pendent fixation of all of its novel anatomical features [broader
ilium, broader sacrum, longer (i.e., broader) femoral neck,
longer (i.e., broader) pubic rami, shorter ilium, shorter pubic
joint, etc.]? Are we to presume that each such isolated change in
pelvic structure had a sufficiently strong effect on reproductive
success to have been independently altered and fixed in the
genome, even if realistic genetic models for the individual
specification of each such feature were available? Many such
complicated (even labyrinthine) biomechanical explanations of
these pelvic traits have been posited (49, 50), but, in light of what
we have discovered about morphogenesis in limbs, such analyses
have been rendered unreasonable.

Cartilage Modeling and the Evolution of the Human Knee. As noted
earlier, the tissues of the musculoskeletal system are exquisitely
sensitive to mechanical loading. This sensitivity can be ‘‘exploit-
ed’’ by selection to produce relatively profound anatomical
changes with only minimal changes in PI. The evolution of the
human knee (Fig. 2) can serve as an excellent example of the
potential role of such SAMs in the evolution of the mammalian
postcranium.

When two or more bones that comprise a synovial joint move
relative to one another, they must do so in a manner that
generates velocity vectors that are continuously tangential to
their contacting surfaces. If this is not the case, the two rigid
bodies will deform and degrade their contacting surfaces. This
results in their eventual destruction and further kinematic
derangement (52, 53). In addition, the joint’s inherent tensile
restraint system of ligaments and tendons must also be in
exacting compliance with the joint’s pathway of motion, so that
it can maintain that pathway in the face of any external forces
that tend to dislodge it.

Mammalian joints, therefore, must develop inviolate coordi-
nation between their surface geometries and soft tissue restraint
systems (54) (Fig. 2). It is virtually inconceivable that such exact
conformity between the mating surfaces of a synovial joint could
be dictated in some directly heritable fashion (i.e., by descriptive
specification). This would require not only an exact ordination of
the three-dimensional form of the mated surfaces but equally

Fig. 1. Hypothetical transitional emergence of the hominid pelvis. Anterior
photographs of a chimpanzee pelvis (lower right) and that of A.L. 288-1
(‘‘Lucy’’) (lower left) were scanned. Using a sliding scale, the upper left image
was then obtained by digital morphing to a transitional stage 75% of the
distance between the chimpanzee and A.L. 288-1. The upper right image is a
simple superoinferior digital distortion of the chimpanzee without any ref-
erence to a known ‘‘end product’’ (Photoshop ‘‘scale function’’). Image
breadth was not altered; its superoinferior height was simply reduced by 2!3.
(Note: the upper right image appears somewhat less ‘‘transitional’’ than the
one at the upper left because the latter benefits from the three-dimension-
ality of the two images being morphed; i.e., our distortion was only two-
dimensional.) We do not suggest that either image constitutes an actual
‘‘intermediate’’ pelvic form. We wish only to demonstrate that a simple
dimensional change in one hypothetical adult form is very similar to that
which has been morphed by using the known adult ‘‘final outcome’’ and that
it might be achieved by a simple underlying mechanism such as a progressive
increase or decrease in the slopes of cell response gradients (see text). We
suggest that this is the most probable morphogenetic mode by which the
many anatomical differences between A.L.-288-1 and the chimpanzee pelves
evolved. Therefore, the isolated definition and separate analysis of each of the
many traits that differ between these pelves is likely to greatly distort their
functional and phyletic significance (see especially ref. 7, pp. 359–361 for
discussion). Note, for example, that a number of the unusual distinguishing
characters of the australopithecine pelvis, including its exceptionally broad
sacrum, platypelloid birth canal (i.e., anteroposterior dimension!mediolateral
dimension ! 100 " 50–60), short pubic symphysis, elongated superior and
inferior pubic rami, ovoid obturator foramina, etc., have all been reproduced
by this simple, relatively crude, linear distortion.

Lovejoy et al. PNAS " November 9, 1999 " vol. 96 " no. 23 " 13249
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Sexual dimorphism  
in Au. afarensis

Pronounced dimorphism Like modern humans
Strong postcranial size dimorphism in Australopithecus afarensis: Results from 
two new resampling …	
!
AD Gordon, DJ Green, BG Richmond - Am J Phys Anthropol, 2007 - 
ncbi.nlm.nih.gov

The case is unchanged and remains robust: Australopithecus afarensis exhibits only 
moderate skeletal dimorphism. A reply to Plavcan et al. (2005)	
!
Philip L. Reno, Richard S. Meindl, Melanie A. McCollum, and C. Owen Lovejoy,
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Haile-Selassie, Y. (2010). Phylogeny of early Australopithecus: new fossil evidence from 
the Woranso-Mille (central Afar, Ethiopia). Phil. Trans. R. Soc. B 365(1556), 3323-3331 
Abstract The earliest evidence of Australopithecus goes back to ca 4.2 Ma with the first 
recorded appearance of Australopithecus anamensis at Kanapoi, Kenya. 
Australopithecus afarensis is well documented between 3.6 and 3.0 Ma mainly from 
deposits at Laetoli (Tanzania) and Hadar (Ethiopia). The phylogenetic relationship of 
these two species is hypothesized as ancestordescendant. However, the lack of fossil 
evidence from the time between 3.6 and 3.9 Ma has been one of its weakest points. 
Recent fieldwork in the Woranso-Mille study area in the Afar region of Ethiopia has 
yielded fossil hominids dated between 3.6 and 3.8 Ma. These new fossils play a 
significant role in testing the proposed relationship between Au. anamensis and Au. 
afarensis. The Woranso-Mille hominids (3.63-3.8 Ma) show a mosaic of primitive, 
predominantly Au. anamensis-like, and some derived (Au. afarensis-like) dentognathic 
features. Furthermore, they show that, as currently known, there are no discrete and 
functionally significant anatomical differences between Au. anamensis and Au. 
afarensis. Based on the currently available evidence, it appears that there is no 
compelling evidence to falsify the hypothesis of chronospecies pair or ancestor-
descendant relationship between Au. anamensis and Au. afarensis. Most importantly, 
however, the temporally and morphologically intermediate Woranso-Mille hominids 
indicate that the species names Au. afarensis and Au. anamensis do not refer to two real 
species, but rather to earlier and later representatives of a single phyletically evolving 
lineage. However, if retaining these two names is necessary for communication 
purposes, the Woranso-Mille hominids are best referred to as Au. anamensis based on 
new dentognathic evidence.   

Yohannes Haile-Selassie 
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b 

Figure 2. Artists’s renderings of KNM-ER 2602 ( ) a and A.L. 162-28 (b), posterior view (natural size). 

Fig. 6. Stratigraphic sections of the Kataboi and Tulu Bor Members in the Ileret region.

Fig. 7. Stratigraphic sections of the upper Burgi Member in the Ileret region.

P.N. Gathogo, F.H. Brown / Journal of African Earth Sciences 45 (2006) 369–390 379

Tulu Bor Member
Koobi Fora Formation, 

East Lake Turkana	

!

Occipital and parietals 
identified as A. afarensis

3.4 Ma

Kimbel, W. H. Journal of Human Evolution (1988) 17, 647-656 
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Ethiopia

Fig. 7. MAK-VP-1/12. The mandible of A. afarensis (center) compared to a modern male common
chimpanzee (right), and a modern human (left). Photograph natural size.
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Fig. 7. MAK-VP-1/12. The mandible of A. afarensis (center) compared to a modern male common
chimpanzee (right), and a modern human (left). Photograph natural size.
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Fig. 16. Midcoronal CT images (A and C) and physical sections (B and D) of adult female Pan (A and B) and adult male Homo (C
and D). For techniques, see text. Specimens were conventionally X-rayed (Fig. 15) and CT-scanned prior to sectioning. Comparison is
provided here to indicate accuracy of both techniques in imaging corticotrabecular disposition of proximal femur. As these sections
demonstrate, both CT scanning and conventional radiography provide accurate imaging of this region of the femur, and therefore can
be used to assign gait pattern in fossils which are responsive to radiography (e.g., MAK-VP-1/1). These same specimens were repaired
after sectioning and were resectioned in the sagittal plane (Fig. 17). For further discussion, see Figure 17.

than that of apes, and this might account for the
differences in their internal structure.

While such a developmental hypothesis is possi-
ble, the most probable explanation of human-pongid

differences is a combination of “developmental” and
“mechanical” hypotheses. As just noted, in recent
years, considerable doubt has been thrown on the
largely presumptive “rules” of bone formation and

Fig. 15. Standard (Faxitron) AP radiographs of hominoid proximal femora. A: Gorilla. B: Human. C: Chimpanzee. D: Orangutan.
All specimens are adult and nonpathological. These same four specimens were also subjected to CT scanning (Figs. 19–22). Note
presence in each of those standard supporting trabecular systems typical of normal human femur. Note in contrast, however,
pronounced cortical thickening of superior region of neck as it approaches neck-shaft junction in all three quadrupedal specimens, but
much thinner cortex in human specimen. Compare to results obtained by CT scanning (Figs. 19–22) and to MAK-VP-1/1 specimen
(Figs. 18, 24).
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Maka

inferior margin of the neck at its interface with the
shaft, as well as an extremely robust cortical shell at
the distal point of postmortem fracture of the shaft.
In contrast, there is virtually no cortex visible at the
superior margin of the neck at or near its interface
with the shaft. The internal morphology of the
MAK-VP-1/1 specimen therefore bears a striking
similarity to the modal human condition and stands
in stark contrast to that of the normal femora of
quadrupedal and arboreal hominoids. Xeroradiogra-
phy was also carried out for this specimen, and the
results were virtually identical to those seen in the
Faxitron X-rays (Fig. 18).

Computed tomography of proximal
femur of hominoids

For the purposes of the present analysis, the chim-
panzee dissection specimen noted earlier was
scanned using a Picker International PQ 2000 CT
Scanner in the Department of Radiology, Robinson
Memorial Hospital (Ravenna, OH) (Figs. 16, 17).
Also scanned were a second (male) chimpanzee (Fig.

19), a modern human male (Fig. 20), a male gorilla
(Fig. 21), and a male orangutan (Fig. 22). All speci-
mens were adult and nonpathological. Scans were
obtained at a 1.5-mm slice thickness at 130 kV and
200 mAs in the half-field, and images were recon-
structed in 5122 matrix and a 16-cm field of view
with an ultrahigh-resolution algorithm. With these
parameters, the Picker International PQ 2000 ob-
tains a spatial resolution of 20 lp/cm, or 0.25 mm.

For each specimen, CT images were obtained with
each femur placed in two different orientations.
First, a single, midcoronal CT image of each speci-
men was obtained (Fig. 16). Second, also for each
specimen, an image of its single midcoronal section
(i.e., “pilot” or “scout”) was made. In this second
orientation and planned from the “scout,” contigu-
ous, parasagittal images were obtained from its
neck-head interface to its neck-shaft junction. The
scout and relevant scans for each specimen are pro-
vided in Figures 19–22.

Computed tomography produces a high-fidelity
digital image matrix of the object scanned, and the

Fig. 18. Standard AP (Faxitron) X-ray of Maka femur (A), and standard AP xeroradiograph of same specimen (B). Note virtually
complete absence of any cortical bone in superior portion of neck as it approaches neck-shaft junction, despite its youth. Note absence
of any region with reduced density in most medial aspect of neck. The former is vital evidence of habitual gait pattern (see text); the
latter indicates that femoral neck lengths reconstructed for this specimen represent minimums. See also Figures 6 and 24.
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appears to potentially affect the differentiation of
mesenchymal cells (Elder et al., 2001). However,
exactly what mechanical signals are later trans-
duced by various connective tissue cells in their
more derived state, and how any consequent alter-
ation of the anabolic behavior of these cells is mod-
ified by such signals, remain undetermined. There
are myriad complicating factors. While osteoblasts
and osteocytes may form a syncytium and do appear
to engage in paracrine signaling (Skerry, 2000),
such syncytia are unlikely to be integrated into any
global network capable of guiding the construction
of, or maintaining, whole bone form. This is an im-
portant point, because whole bone form is the pri-
mary focus of interpretation of those interested in
the human fossil record, and it is becoming increas-
ingly clear that it derives more from the systematic
expression of positional information (Raff, 1996;
Wolpert, 1971, 1981, 1996; Wolpert et al., 1998) than

from any individual anabolic effects of strain trans-
duction.

Peak strains in the mandible, for example, are on
the order of 50–200 !", whereas those in the canon
bones of racehorses can exceed 5,000 !" (Nunama-
ker et al., 1990). The human cranium (which has
some regions which must border on having virtually
no strain during the course of daily adult activity)
can increase in thickness over a lifetime, while other
portions of the skeleton undergo osteoporotic
changes. Perhaps of even greater importance is the
demonstration of a remarkable lack of uniformity in
the distribution of strains within a single bone: some
regions of the canon bone suffer only 100 !" at the
same time that others experience over 2,000 !"
(McLeod et al., 1998). These are hardly any data
from which to argue that bone form and adult main-
tenance are the product of an integrated syncytial
response system guided principally by the simple
transduction of external loads.

While bone tissue can be exquisitely sensitive to
its strain environment, its response appears to be
enormously complex, and there has been an almost
systematic failure to distinguish carefully what nat-
ural in vivo conditions any particular experimental
regimen may be echoing. Most research protocols
designed to examine whole bone loading are, by ne-
cessity, invasive, and the woven bone that regularly
emanates from a variety of surgically intrusive tech-
niques more often than not probably represents
bone tissue’s profuse injury response (Bertram and
Swartz, 1991), which is unlikely to be related in any
meaningful way to the ontogeny of whole bone form.
While knowledge of cellular load transduction re-
sponses is critical to clinical practice, it does not
necessarily inform us about how chondroblasts, os-
teoblasts, and osteoclasts sculpt a bone during ordi-
nary ontogeny. In life, such profusions of immature
bone would require exceedingly long periods of re-
modeling before their origin would not be immedi-

Fig. 1. Anterior view of MAK-VP-1/1. Note prominent femoral
tubercle. Areas of postmortem erosion are white in the drawing .
© Luba Gutz.

Fig. 2. Posterior view of MAK-VP-1/1. Note moderately prom-
inent third trochanter. © Luba Gutz.

Fig. 3. Lateral view of MAK-VP-1/1. © Luba Gutz.
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Au. afarensis geographic variation

MAK-VP-1/83 is very broad and similar to
theA.L. 333-100 specimen from Hadar in all
details, including the lack of lateral flare
and marked temporalis rugosity. The ecto-
condyloid buttress is weak in all three speci-
mens. There are very strong but broken
ectoangular tuberculi on both MAK-VP-1/12
and MAK-VP-1/2. Preserved portions of go-
nial angle on both show that this part of the
ramus was fairly vertical and framed by
these masseteric attachments, neither in-
verted nor everted, but with a moderate
masseteric fossa within the frame.

Medial aspect. The medial surface of the
ramus of both Maka specimens shows very
large tuberosities for the medial pterygoid
muscles that encroach well onto the ramus.
There is a deep excavation in the area of the
triangular planum on MAK-VP-1/2, similar
to that seen on the A.L. 333-100 specimen.
The MAK-VP-1/83 endocondyloid buttress is
more salient than the low but rugose endo-
coronoid process. The former structure de-
marcates the perpendicular transition from
the area antero-inferior to the condyle to the
medial surface of the ramus. The expansive

Fig. 13. Reconstructed mandibular bodies of the
most complete mandibles from the three majorA. afaren-
sis sites. Top: Maka MAK-VP-1/12. Right: Laetoli
L.H.-4. Left: Hadar A.L. 400-1a. Alignment of the
specimens in this nonstandard orientation facilitates
comparisons of dental size and arcade shapes. It is

difficult to find individuals whose dental arcades match
so closely in contemporary populations of African apes,
lending strong support to the interpretation ofA. afaren-
sis as a single, ecologically and geographically wide-
spread early hominid species.
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Hadar Approximately 90% of the hypodigm of 
Au. afarensis comes from Hadar Formation 
sediments exposed at the Hadar site in 
Ethiopia

A.L. 444
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Au. afarensis temporal 
variation

by the null hypothesis (Fig. 2: tree length¼ 31; Consistency
Index [CI]¼ 0.903). With one exception (lateral incisor place-
ment beneath the nasal aperture of the Garusi I maxilla in the
Laetoli sample), autapomorphies or homoplasies are not pres-
ent in any fossil site-sample except the ‘‘terminal’’ branch of
Hadar (i.e., the sharp corner of the nasal aperture, which is
a derived state shared homoplastically with Gorilla; see Ap-
pendix).4 In other words, the Kanapoi sample of A. anamensis
is more plesiomorphic than the Allia Bay one, and the Laetoli
sample of A. afarensis retains more primitive characteristics
than do the Hadar fossils. The hypothesis of ancestry and de-
scent between A. anamensis and A. afarensis is supported by
our analysis. The differences among the four temporally suc-
cessive site-samplesdeven those between samples of the
same nominal speciesdappear to be phylogenetically signifi-
cant in that each sample shows more derived features than its
predecessor.

The next two most parsimonious trees have three more
steps (34) and lower CIs (0.824). One of these trees links
the Allia Bay and Laetoli OTUs as a sister clade to
a HadareA. africanus clade, an arrangement that is consistent
with the relative geological ages of the site-samples. The other
tree places the Laetoli OTU as the basal unit in a (Laetoli,
(Allia Bay, (Hadar, A. africanus))) clade, which is inconsistent
with temporal ordering of the samples (the younger Laetoli
OTU is basal to the older Allia Bay OTU). Uncertainty
surrounding the assignment of character-states to the node
that joins the Allia Bay OTU to the Laetoli, Hadar, and

A. africanus OTUs lies behind these less parsimonious alter-
natives. However, these trees agree in the placement of Kanapoi
as the sister OTU to a clade containing all later samples. Given
the small number of characters, a three-step difference be-
tween the primary tree and the less parsimonious trees is sub-
stantial, and therefore we focus subsequent discussion on the
most parsimonious arrangement of taxa.

In the following sections, we analyze character evolution
by discussing some of the morphological differences between
sites in more detail.

Allia Bay vs. Kanapoi

In our analysis the Allia Bay sample differs from the Kana-
poi sample in five of seven comparable characters. These char-
acters distinguish the former as more derived and likely the
sister group to the Laetoli and Hadar samples (Table 1).

Lateral corpus contour

One of the distinctive characteristics of the A. anamensis
mandible is the inferomedial sweep of the lateral corpus con-
tour to the base, inferior to the level of the mental foramen be-
neath C to P4. This is best seen in transverse cross sections of
the corpus, for example at mid-P3 (Fig. 3). The three Kanapoi
specimens clearly demonstrate this feature (KNM-KP 29281,
KNM-KP 29287, and KNM-KP 31713), which contrasts
with the homologous anatomy of A. afarensis mandibles, espe-
cially those from Hadar (we discuss the comparison between
Laetoli and Hadar specimens below). In the mandibles of
the Hadar sample this contour descends along a straight,
much more vertical path toward the basal margin. Examination
of the Kanapoi specimens in basal view demonstrates that the
inferomedial inclination of this lower portion of the lateral
corpus represents a posterolateral extension of the convex,
posteroinferiorly retreating basal segment of the anterior cor-
pus (as seen in symphyseal cross section). Indeed, in the Hadar
mandible sample the lateral corpus contour is straighter and
more vertical than in the Kanapoi sample, and the anterior
corpus (symphyseal) contour is straighter and fuller down to
the midline basal margin.

Fig. 2. The most parsimonious cladogram of relationships among the four
OTUs and Australopithecus africanus (tree length¼ 31; CI¼ 0.903), corre-
sponding to the null hypothesis.

Table 1
Comparison of character-states for Kanapoi and Allia Bay OTUs

OTU Lateral
mandibular
corpus

Lower canine
distal cingulum

Lower P3

Kanapoi strongly sloping
inferomedially
beneath premolars,
reflecting strong
symphyseal retreat

strong
(heel or tubercle)

anterior fovea larger
than posterior; ant.
fovea open to CEJ;
low, thin dmr

Allia Bay more vertical,
implying less
symphyseal retreat

weak posterior fovea
larger; ant. fovea
sealed by mmr;
higher, wider dmr

Note: mmr¼mesial marginal ridge; dmr¼ distal marginal ridge.

4 As shown by Ward et al. (2001), the Kanapoi mandibular lateral incisors
have plesiomorphically large mesiodistal dimensions compared to Hadar
homologues. However, A. africanus also appears to share a mesiodistally
elongated I2 with the Kanapoi sample (see Appendix). Accordingly, the Hadar
sample (n¼ 6, including one Maka tooth) may be apomorphic for this charac-
ter, although the dearth of data for Allia Bay (n¼ 0) and Laetoli (n¼ 1) OTUs
leaves the reconstruction of this character’s phylogenetic history in early
Australopithecus an unresolved question. The single Laetoli value falls within
the Hadar sample range, but below those for Kanapoi (n¼ 3) and A. africanus
(n¼ 9). See Appendix.
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inferomedial inclination of this lower portion of the lateral
corpus represents a posterolateral extension of the convex,
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pus (as seen in symphyseal cross section). Indeed, in the Hadar
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more vertical than in the Kanapoi sample, and the anterior
corpus (symphyseal) contour is straighter and fuller down to
the midline basal margin.

Fig. 2. The most parsimonious cladogram of relationships among the four
OTUs and Australopithecus africanus (tree length¼ 31; CI¼ 0.903), corre-
sponding to the null hypothesis.
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4 As shown by Ward et al. (2001), the Kanapoi mandibular lateral incisors
have plesiomorphically large mesiodistal dimensions compared to Hadar
homologues. However, A. africanus also appears to share a mesiodistally
elongated I2 with the Kanapoi sample (see Appendix). Accordingly, the Hadar
sample (n¼ 6, including one Maka tooth) may be apomorphic for this charac-
ter, although the dearth of data for Allia Bay (n¼ 0) and Laetoli (n¼ 1) OTUs
leaves the reconstruction of this character’s phylogenetic history in early
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Dikika

closely resemble G. gurai, but the one upper molar series does not
show the cusp orientation and elongation that characterizes the
extant G. ellioti and to a lesser extent the fossil G. gurai22. This
specimen is tentatively referred to a similar genus Pelomys, also
known from Olduvai and Omo.
The 13C/12C ratios (d13C ¼ [{(13C/12C)sample/(

13C/12C)standard of

Vienna Pee Dee Belemnite(VPDB)} 2 1] £ 1,000) of carbon in pedogenic
carbonate (d13Cpc; Fig. 2) from Andedo and Gango Akidora (,3.5–
3.1Myr old) indicate a local increase of C4 plants after,3.4Myr ago,
a trend that continues through the Busidima Formation at Gona23. The
sharp contrast between Hadar Formation and Busidima Formation
stable isotope values is not unexpected, given the extreme differences
in their tectonic and depositional settings described above. A mean
d13Cpc of 29.5‰ from a dark-coloured and clayey, poorly drained

palaeosol below sands yielding the juvenile hominin indicates an
insignificant contribution from C4 grasses in a delta plain setting. C4

grasses, which outcompete C3 plants in well-drained and seasonally
watered aridland soils, increase to nearly one-third of the biomass
in the soils developed on delta channel deposits (mean
d13Cpc < 26‰), and further through the Denen Dora and Kada
Hadar members. The abundance of freshwater gastropods, fishes
(mostly catfish), hippopotamids, crocodiles and giant tortoises
(Table 1) associated with the hominin corroborates the interpret-
ation of a mesic deltaic environment, with nearby permanent water.
The DIK-1 fauna includes many species from mesic bush- and
tree-associated genera such as Ugandax, Golunda, and Millardia,
and possibly Praomys and Pelomys. This, combined with the absence
of open- and xeric-adapted gerbils lends support to wooded

Figure 2 | Stratigraphy of the Hadar Formation in the Dikika Research
Project area. Location of sections are shown in Fig. 1. d13C of pedogenic
carbonate and lacustrine facies are shown from Gango Akidora, Masele, and
Simbildere with respect to section C height. In the north-central DRP
(sections A–D) the lower Hadar Formation thickens towards the Hadar
Basin centre across syndepositional faults (primarily oriented northwest),

and is offset by predominantly postdepositional faults forming the
Simbildere Graben (north–northeast-trending). In southeastern DRP
(sections E–H), the Hadar Formation also thickens northeast, particularly
the Basal Member, which is deposited on the local sedimentary basement
(weathered surface of Dahla series basalt). SeeMethods for definitions of the
stratigraphic markers.

LETTERS NATURE|Vol 443|21 September 2006

334

3.4 Ma

3.25 Ma

Hadar, Dikika

29



Dikika

Comparative skull morphology. Size andproportions of theDIK-1-1
face resemble those of the juvenile specimens A.L. 333-105 and Taung,
assigned to A. afarensis and A. africanus, respectively (Table 3). In
overall prognathism, it is close to both juvenile and adult specimens
of these two species (Table 3, angle sellion–prosthion to alveolar
margin). In lateral view, the facial profile forms a relatively straight
line from sellion to nasospinale to prosthion (Fig. 1e), whereas in
adult A. afarensis (for example, A.L. 417-1, 444-2) the midfacial
outline is distinctly more vertical than the more prognathic subnasal
clivus (Table 3, angle sellion–nasospinale–prosthion). In contrast,
older A. africanus individuals (Sts 5, 52, 71) have a straighter facial
profile than the Taung juvenile. It is not clear if this represents
different patterns of facial maturation, as all the variation subsumed
by these australopith specimens can be accommodated within the
range of intraspecific variation of African apes (Supplementary
Note S2).
In the detailed morphology of the face, DIK-1-1 resembles

A. afarensis4 and differs from A. africanus, including Taung5. Its
nasoalveolar clivus is biconvex, whereas it is flatter in A. africanus,
particularly mediolaterally. The nasal aperture is narrow, as in other
juvenile A. afarensis such as A.L. 333-86, particularly compared with
its height6. The canine juga in DIK-1-1 are placed more laterally than
in A. africanus and they are topographically independent of the
sharp-rimmed nasal aperture, as in A.L. 333-105. In contrast to

Taung, no incipient anterior pillars are present and the frontal
process of the maxilla is flat lateral to the aperture7. The nasal
bones of DIK-1-1 are tall, narrow and hourglass-shaped, with nasion
positioned well above the nasomaxillary and frontomaxillary sutures.
This morphology is seen in A.L. 333-105 and in many apes6, but
differs from the shorter and broader nasal bones of A. africanus.
DIK-1-1 has only a slightly convex glabellar region, unlike the more
prominent development in Taung. Most of the basicranium is still
covered with matrix and displaced axial elements, but the exposed
nuchal plane and CT scans suggest that the foramen magnum is
located more anteriorly than in apes of comparable dental age8,9.
Preliminary volume measurements of the preserved endocast of

DIK-1-1 from CT scans yield a value of 235 cm3. However, this
endocranial volume (EV) underestimates the true value because of
the minor deformation of the occipital region, and a few areas of the
cranial base where the bone–matrix interface is unclear. To provide
an alternative estimate, we calculated the correlation between the EV
and the combined endocranial breadth and midsagittal arc for an
ontogenetic series of Pan troglodytes and Gorilla gorilla. Using the
regression equations, the EV of DIK-1-1 was estimated as 275 to
330 cm3 (Supplementary Note S3). This is not unlike the volume
evident in P. troglodytes of a comparable dental age of three years
(Supplementary Note S4a). DIK-1-1 would have completed between
,65 and 88 per cent of an average EVof 375 to 425 cm3 estimated for

Figure 1 |TheDIK-1-1 juvenile skull and partial skeleton. a, b, Dorsal and inferior view as discovered (a) and after partial preparation (b). c, Lateral view after
partial preparation showing the scapula and many ribs. d–f, Anterior (d), lateral (e) and posterior (f) views. Scale bars, 2 cm (a, b and c–f).

Table 1 | Dikika fossil hominin specimen discoveries

Specimen number Collection date Element Found by

DIK-1-1a 10 December 2000 Skull and partial skeleton T. Gebreselassie
DIK-1-1b 30 December 2000 Frontal fragment R. Abe
DIK-1-1c 30 December 2000 Left scapula fragment plus ribs Z.A.
DIK-1-1d 19 January 2002 Manual phalanges Z.A.
DIK-1-1e 25 January 2002 Left proximal tibia Z.A.
DIK-1-1f 21 January 2002 Left foot D.G.
DIK-1-1 g 26 January 2003 Right distal femur, patella and proximal tibia D.R.
DIK-1-1i 4 February 2003 Right humerus Z.A.
DIK-1-1j 8 February 2003 Left distal femur and patella A. Ahmed
DIK-1-1 h 17 November 2003 Left tibia fragment W. Obssie
DIK1-1k 3 December 2003 Left femur fragment W. Obssie
– – Many rib fragments Team
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Dikika
Gorilla-like scapula?

study early hominin ontogenetic development by integrating directly
associated evidence from the dentition, brain and postcranium. Its
attribution to A. afarensis, and the adult context in which it thus
should be considered, is unambiguous because the diagnostic facial
morphology of this species is evident even at this juvenile stage.
Substantial change in facial shape is mainly anticipated in the
subnasal region, probably in association with the eruption of the
anterior teeth.
Brain growth in DIK-1-1—expressed as the percentage of mean

adult EV completed—is at a developmental stage when the patterns
of African apes and modern humans overlap substantially and,
consequently, the fossil cannot be grouped specifically with either
(Supplementary Note S4b). Nevertheless, it is intriguing that in this
proportional EV, both DIK-1-1 and A.L. 333-105 fall below the
average rate of African apes, and are broadly more in line with the
average rate in modern humans. In modern humans, the lower
proportional EV rates are due to their large adult EV. However, in A.
afarensis, with its adult EV values within the range of African apes,
the lower proportional EVwould have to imply slower absolute brain
growth. The possibility of this phenomenon, known in platyr-
rhines23, warrants further investigation, but resolution may only
come from the discovery of younger individuals, representing a
stage when apes and humans showmuch less overlap in their patterns
of brain development.
The hyoid of DIK-1-1 is only the second example in the hominin

fossil record12, and this element was previously unknown for any
species earlier thanNeanderthals. Its similarities with Pan andGorilla
hyoids suggest that the bulla-shaped body is the primitive condition
for African apes and humans, rather than the more shallow, bar-like
body shown by modern humans and Pongo. The bulla-shaped body
almost certainly reflects the presence of laryngeal air sacs character-
istic of African apes24. However, the function of these structures is not
well understood25.

The DIK-1-1 skeleton confirms the functional dichotomy of the
body plan of A. afarensis: a more derived lower body adapted for
bipedal locomotion, combined with an upper body that is, in many
respects, ape-like. The functional interpretation of these features is
highly debated, with some arguing that the upper limb features are
non-functional retentions from a common ancestor only26–28,
whereas others propose that they were preserved because A. afarensis
maintained, to some degree, an arboreal component in its locomotor
repertoire29–32. Now that the scapula of this species can be examined
in full for the first time, it is unexpected to find the strongest
similarities with Gorilla, an animal in which weight-bearing and
terrestrial knuckle-walking predominately characterize locomotor
use of the forelimbs33. Problematic in the interpretation of these
findings is that the diversity of scapula architecture among hominoid
species is poorly understood from a functional perspective.
The superiorly facing glenoid fossa, noticed previously31, provides

the most tantalizing suggestion that the structure and function of the
upper body in A. afarensis was different from that of modern
humans. It could indicate a superiorly positioned shoulder girdle,
and possibly the absence of effective decoupling of head and trunk
movements, typical of modern humans and their capability for
endurance running34. The preserved clavicles and full cervical ver-
tebral column of DIK-1-1 will bring new insights in this respect,
pending a particularly difficult process of preparation to isolate these
elements. One further clue in this context is that the semicircular
system in DIK-1-1 is similar to that of African apes and A. africanus
(Supplementary Note 7), and this has been associated with limited
head decoupling and absence of fast and agile bipedal gaits35. If
functionally relevant, the glenoid fossa orientation in DIK-1-1 could
also point to frequent use of the arms above the head31, and the
activity with which this would be most consistent is climbing. The
apparent tendency towards a reduced attachment area of the supras-
pinous muscle could be seen as evidence for a diminishing role of the
arms in such locomotor postures. The scapula morphology, together
with forelimb features such as the long and curved manual phalanges
of DIK-1-1, will raise new questions about the importance of
arboreal behaviour in A. afarensis. After years of discussion, new
data, and in particular the ability to reconstruct much of an entire
body of a three-year-old A. afarensis child will bring important new
evidence to bear on this debate.
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Figure 5 |Right scapulae, dorsal view. a, DIK-1-1 (A. afarensis). Dotted line
around the inferior angle estimates the shape of the broken piece in that
region, on the basis of the preserved part on the left scapula of the same
individual. b, G. gorilla. c, H. sapiens. d, P. troglodytes. In each, the short
green line shows the point where the spine meets the medial border of the
scapula. All are juveniles of about the same dental age and oriented with the
line connecting the superior and inferior angles perpendicular to the
horizontal. Scale bars, 1 cm (a–d).
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S1. DENTAL DIMENSIONS AND SEX OF DIK-1-1 

 

Dimensions of fully formed permanent teeth of DIK-1-1 (dark green) compared with 

Australopithecus afarensis from Hadar, Laetoli and Maka
1
. The box-and-whisker plot shows the 

median, the upper and lower quartiles (box), the range, the mean and two standard deviations 

(diamond), and the location of the most dense half of the distribution (red bracket). DIK-1-1 is 

most likely female given that its dental size is consistently in the lower half of the distribution, and 

close to confirmed female individuals such as A.L. 417-1
1
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adult female A. afarensis10. This proportional endocranial volume,
and that of A.L. 333-105, overlaps with the range of variation of both
modern humans and African apes (Supplementary Note S4b).
The current position of the hyoid bone beneath the palate

precludes a comprehensive analysis of its morphology (Fig. 3b),
but some diagnostic features can be observed and measured. It is
most similar to that of juvenile African apes, and unlike that of
modern humans11,12. The exposed greater horn is slender, and the
body is expanded anteriorly, forming a bulla that is deep relative to its
breadth and height (Fig. 4a, Supplementary Note S5).
The mandible of DIK-1-1 closely resembles juvenile A. afarensis

specimens, especially A.L. 333-43 (ref. 13). As in adult Hadar speci-
mens of A. afarensis, the external symphyseal contour is bulbous and
fairly vertical, distinguishing it from Laetoli juvenile and adult
conspecifics, which resemble the more retreating, posteroinferiorly
inclined condition seen in A. anamensis14,15. As in A.L. 333-43 and
A.L. 333n-1, a single anterosuperiorly opening mental foramen is
located just below midcorpus at the level of the first deciduous
molar16.
The deciduous upper central incisors are larger than the lateral

ones (Table 2), and their overall morphology is similar to that of
juvenile apes. In labial view, they are fan-shaped, rather than
cylindrical as in Taung, although damage has altered the original

shape of the latter. Crowns of the lower incisors are small and similar
in size. The deciduous upper canines have diamond-shaped crowns
in labial view, similar to Hadar specimen A.L. 333-99 (ref. 17). In
labial view, the lower canine crown is high, pointed andmesiodistally
convex; it projects above the occlusal level of the incisors and
deciduous molars. The protoconid of the dm1 (first deciduous
molar) is larger than the hypoconid, as in A.L. 333-43; the buccal
face slopes towards the protoconid tip and is ringed by a basal bulge18.
These features distinguish the DIK-1-1 dm1 from those of great apes,
which are buccolingually compressed and almost unicuspid, with the
protoconid dominating the occlusal view. As for Hadar specimens,
the DIK-1-1 deciduous canines and molars do not show the more
ape-like morphology encountered inA. anamensis and A. ramidus19,20.
On the basis of the many craniodental similarities to juvenile and
adult Hadar specimens, we attribute DIK-1-1 to A. afarensis.
Postcranium of DIK-1-1. Most bipedal features seen in A. afarensis
specimens are observedon the lower limband foot ofDIK-1-1 (ref. 21).
Overall, the tibiae—with their transversely expanded shaft beneath
the tibial plateau—are similar to that of the juvenile A.L. 333-39
(ref. 22), but have a sharper anterior border also shown by modern

Figure 2 | The DIK-1-1 juvenile postcrania. a, Right distal humerus. b, Left
distal femur and proximal tibia. c, Right distal femur and proximal tibia in a
flexed position, connected by matrix, with the tibial and femoral diaphyses
pointing upwards. d, Left foot and its outline including metatarsals (mt),
distal tibia (ti), distal fibula (fi), talus (ta), calcaneus (ca) and tarsals (ts).
Scale bars, 1 cm for the foot (d) and 2 cm for the limb bones (a–c).

Figure 3 | The DIK-1-1 dentition, hyoid bone and manual phalanges.
a, Three-dimensional reconstruction of CT images of the maxilla and
mandible in occlusion showing the deciduous and permanent dentition.
Bony elements of the skull have beenmade translucent tomake the dentition
visible, and only permanent teeth of the right side are labelled.
b, Inferoposterior view of the body of the hyoid bone sitting on the palate
with the anterior bulla facing inferiorly. Dark dots indicate the rim of the
body. c, Hand phalanges: one ray of the hand containing the proximal and
intermediate phalanx is on top; beneath this is the proximal phalanx from an
adjacent ray. The three phalanges are connected by matrix. Scale bars, 5mm
(b, c).
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...measurements of the fully formed permanent tooth crowns suggest !
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