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Only one partial skeleton that includes both forelimb and hindlimb
elements has been reported for Australopithecus afarensis. The di-
minutive size of this specimen (A.L. 288-1 ["Lucy"]) has hampered
our understanding of the paleobiology of this species absent the
potential impact of allometry. Herewe describe a large-bodied (i.e.,
well within the range of living Homo) specimen that, at 3.58 Ma,
also substantially antedates A.L. 288–1. It provides fundamental
evidence of limb proportions, thoracic form, and locomotor heri-
tage in Australopithecus afarensis. Together, these characteristics
further establish that bipedality in Australopithecus was highly
evolved and that thoracic form differed substantially from that of
either extant African ape.
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Since the first recognition of Australopithecus afarensis (see
below) only one partial skeleton with both forelimb and

hindlimb elements has been reported [A.L. 288–1 (“Lucy”)]. The
specimen’s unusually small body size has raised issues of allom-
etry. Here we describe a moderately large-bodied (i.e., well
within the range of living Homo in many aspects) partial skele-
ton, KSD-VP-1/1 (Fig. 1). It provides evidence of limb pro-
portions, thoracic form, and locomotor heritage in hominids (i.e.,
specimens in the human clade postdating separation from the
chimpanzee/bonobo clade).

Discovery and Preservation
KSD-VP-1/1 was found in mudstone at the base of an exposure of
upward-coarsening claystone, siltstone, and sandstone. The first el-
ement, a proximal ulna, was found by Alemayehu Asfaw on Feb-
ruary 10, 2005, fromKorsiDora vertebrate locality 1 (KSD-VP-1) in
the Woranso-Mille paleontological study area of the Afar region,
Ethiopia (SI Appendix, Fig. S1). Crawling and surface scraping
resulted in the recovery of more parts of the ulna, the distal half of
the femur, cervical vertebrae, humeral shaft fragments, and a partial
sacrum. Excavation of the locality resulted in the in situ recovery of
an os coxa, tibia, clavicle, five ribs, and a scapula. No cranium or
dentition was recovered (SI Appendix, Table S1).

Stratigraphy and Age
The Woranso-Mille paleontological study area lies within the
western part of the central Afar depression (1–3) (SI Appendix, Fig.
S1). Exploration began in 2002, and more than 4,300 fossil speci-
mens (including 95 from hominids) have been collected thus far
from 55 vertebrate localities (2). The stratigraphy and age rela-
tionships of its northwestern part are relatively well understood and
are temporally well constrained (2, 3). However, the specimen’s
specific locality, KSD-VP-1, is isolated from known stratigraphy by
a normal fault trending northwest–southeast. Fortunately, it has
been possible, through radiometric dating and paleomagnetic re-
versal stratigraphy, to constrain the age of this isolated block to ca.
3.60–3.58 Ma (S1 Appendix, Figs. S2–S5 and Table S2).

Taxonomy
KSD-VP-1/1 antedates A.L. 288–1 (4) by roughly 0.4 Ma and is
generally contemporaneous with specimens from Laetoli (in-
cluding the type specimen) (5). Although the absence of cranial
and dental elements imposes some restrictions on the specimen’s
taxonomic assignment, it shares a substantial number of post-
cranial elements with homologs in A.L. 288–1. These elements are
fundamentally similar in morphology to A.L. 288–1 and are suf-
ficient to warrant attribution to Australopithecus afarensis. Differ-
ences appear to result largely from body size and sex. Details of the
KSD-VP-1/1 pelvis suggest that it is male (see below). A.L. 288–1
is almost certainly female (6) (contra 7).

Hindlimb
KSD-VP-1/1d is a right os coxa, including an acetabulum, a supe-
rior ischial ramus, the dorsal half of the ischial tuberosity, andmuch
of the ilium inferior to the crest (SI Appendix, Fig. S6). An articu-
lating first sacral segment also was recovered (SI Appendix, Fig. S7).
The os coxa has suffered numerous fossilization cracks, but

fragments have been retained in good alignment. However,
portions of the retroauricular area, including the posterior su-
perior iliac spine (PSIS) have undergone substantial postmortem
translation and repositioning superiorly and anteriorly (SI Ap-
pendix, Fig. S6). This region provides only limited anatomical
information save that the PSIS was robust.
The pelvis exhibits a “classic” Australopithecus pattern (SI

Appendix, Table S3) with which it shares numerous features,
including a voluminous obturator externus tendon groove iso-
lating the inferior acetabular wall from the ischium and a distinct
dorsal (hamstring) portion of its ischial tuberosity that faces
superolaterally in modern humans (8–11) but not in Ardipithecus
ramidus (9) or African apes. The groove’s breadth is somewhat
greater than in Homo (SI Appendix, Fig. S8 and Table S3) but is
dramatically reduced as compared with that of Ar. ramidus (9).
Further details are provided in SI Appendix, Note S2.
The sacrum also conforms to the Australopithecus pattern. Its

auricular surface is narrow, as in A.L. 288–1 and Sts 14, and
shows broad sacral alae relative to centrum size (SI Appendix,
Fig. S10). The dorsal alar tubercle is difficult to assess because of
damage, but surrounding bone suggests that it was absent or
gracile, as in A.L. 288–1 (12). In contrast, the postauricular re-
gion of the os coxa is rugose, suggesting extensive posterior re-
inforcement of the joint (SI Appendix, Fig. S6). The narrowness
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and inferior location of the superior terminus of the auricular
surface suggest possible sacralization of the (missing) most
caudal lumbar. The relatively narrow auricular surface raises the
possibility that nutation and counternutation were significantly
more important as energy-dissipating mechanisms in the sacro-
iliac joint during running in Australopithecus than in Homo (13).
KSD-VP-1/1c is a left distal femur (SI Appendix, Fig. S11). The

lateral condyle is decidedly elliptical, although its shape index of
52 (14) places it near the maximum in a small human sample (SI
Appendix, Table S4). It forms an elevated lateral wall for patellar
retention, implying selection imposed by habitual valgus [type 1
(15); for definition see SI Appendix, Table S5]. A deep, well-
defined, popliteus groove is present. The supracondylar lines,
although damaged, when tracked proximally form a moderately
elevated linea as in other Au. afarensis (16) (breadth = 12 mm at
point of shaft fracture, 187 mm from the distal end).
A left tibia (KSD-VP-1/1e; SI Appendix, Figs. S12 and S13) is

truncated just proximal to the tibial tuberosity but preserves the
transverse groove between the shaft and plateau occupied by the
fat pad/bursa beneath the patellar tendon. Along with its intact
distal plafond, this distance allows an accurate estimate of maxi-
mum length (355mm; Table S6) by simple comparisonwith human
tibias with the same overall dimensions (tibial tuberosity to center
of plafond surface). Its overall form is distinctly platycnemic, but
surface features (e.g., insertion details of the pes anserinus ten-
dons) are difficult to interpret because of cortical exfoliation.

The distal end is well preserved, although the medial mal-
leolus has been sheared away at its base. The tibiofibular syn-
desmosis exhibits extensive pathology (SI Appendix, Fig. S12).
The fibular facet’s perimeter presents a “ring” of elevated, re-
active bone extending medially to involve the lateral half of the
anterior tibial surface. This ring has extended the shaft inferiorly
by 5–10 mm (not included in its estimated length). The plafond’s
subchondral surface is unaffected. The most likely explanation is
a remote, nonunited, preadult fibular fracture (17).
The talocrural joint’s radius of curvature is among the most

discriminating characters of hominoids (18–21). Human plafonds
have short radii of curvature. Those of apes are much flatter (19),
either permitting (type 1) or reflecting (type 4) substantial dorsi-
flexion during vertical climbing (in contradistinction to clambering
or oblique climbing). Relative plafond depth (RPD) has a median
value of 16 in humans, whereas in African apes it lies between 12
and 14 (18). The RPD for KSD-VP-1/1e is well above 20, even
after correcting for its osteophytosis which artificially increases the
index. Simple visual assessment, moreover, confirms an original
plafond depth far greater than in any ape (SI Appendix, Table S7).
A highRPDalso characterizes at least 11 early hominid tibias (18).
Additional details are provided in SI Appendix, Note S3.

Thorax
Hominoid pectoral structure reflects multiple parameters, in-
cluding spinal column invagination, rib morphology, dimensions
of the iliocostal space, and scapular form (22). KSD-VP-1/1 is the
first singleAustralopithecus specimen to preserve a combination of
some of these elements.
The lateral and distal portions of each human rib descend more

obliquely from their vertebral origins than in African apes. Such
declination increases thoracic transverse diameter and elongates
the thorax (23–25). Declination also induces more flexed costal
angles (each rib head is more inferiorly angled relative to its cor-
pus), as well as torsion and flattening of each rib body, although the
latter characters are highly variable. African apes lack rib obliquity,
and their greatly reduced lumbar columns and iliocostal spaces
prevent significant rib declination (23, 24). Their ribs exhibit more
rounded cross-sections and have little or no axial torsion (24).
Five KSD-VP-1/1 ribs, although damaged, are sufficiently com-

plete (unlike those of A.L. 288–1) to demonstrate overall fun-
damental structure (SI Appendix, Figs. S14–S17 and Table S1).
They exhibit (i) marked costal angles indicating deeper vertebral
column invagination into the thorax than in apes; (ii) cross-sec-
tional flattening with deeply marked subcostal grooves and sharp
inferior pleural margins; and (iii) axial torsion consistent with
inferior declination and craniocaudal elongation. The single most
distinct character of the African ape thoraces, however, is their
marked cupular constriction, which is largely responsible for their
description as “funnel-shaped” (see refs. 24 and 25 for discus-
sion). The second rib (KSD-VP-1/1n) is sufficiently intact for
assessment of overall form (SI Appendix, Fig. S16). Even though
a “rib shape index” overlaps in humans and gorillas (Fig. 2 and SI
Appendix, Fig. S17), there is little question that the upper thorax
of KSD-VP-1/1 was fundamentally Homo-like.
KSD-VP-1/1f is most of a left clavicle (SI Appendix, Fig. S18). It

lacks at least 10 mm from its acromial expansion and a significant
portion of its sternal end. Clavicle length and midshaft circum-
ferences show a moderately robust relationship (r = 0.72) (SI
Appendix, Table S8) and suggest the specimen’s length to be 156
mm [C (140 < 156 < 172) = 80%]. In a plot of clavicle length and
the geometric mean of various joint dimensions of the upper limb,
KSD-VP-1/1f falls within the human distribution (SI Appendix,
Fig. S19). When its estimated clavicle length is compared with
other upper limb dimensions, it falls generally with Homo (SI
Appendix, Fig. S20).
No previous adult specimen of Australopithecus has preserved

as much of the scapula as does KSD-VP-1/1g (Fig. 3). Four other

Fig. 1. Anatomically arranged elements of KSD-VP-1/1. A list of all elements
is provided in SI Appendix, Table S1.
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specimens [A.L. 288–1 (4), StW 162, StW 366, and Sts 7 (26)] are
largely glenoid fragments with small portions of their spine and
fossae. A fifth (DIK-1-1), although nearly intact, is from an in-
fant (27). A sixth (StW 431) preserves only the axillary border
(28). KSD-VP-1/1g preserves a nearly complete infraspinous
fossa, the entire spine, and a complete glenoid. The acromion
and coracoid are lacking. A small portion of the supraspinous
fossa includes the scapular notch but is insufficient to determine
the size of the fossa. The spine was bent postmortem, reducing
its angle with the supraspinous fossa but with no damage to its
relationship with the remainder of the bone.
The “bar–glenoid” angle has been used to orient the glenoid

plane in A.L. 288–1 (29), but the specimen’s small size may have
had scaling effects (30, 31), an observation supported by the fact
that its bar–glenoid angle can be matched exactly by comparably
sized humans (SI Appendix, Fig. S21). Based again on glenoid plane
angle, the DIK-1–1 juvenile scapula was argued to demonstrate
strong affinities to Gorilla (27). Calculation of its glenoid angle,
however, relied on a reference axis defined by the superior and
inferior angles, landmarks that fluctuate substantially in Homo sa-
piens (32) and differ substantially in at least Pan and Homo. A
principal components analysis (PCA) placed DIK-1–1 within
a Gorilla distribution. However, that analysis generated only two
principal components (PCs) not dominated by size (i.e., PC1 was
not informative). PC3 did not discriminate among the taxa (andwas
trivial, accounting for <1% of the variance). Only PC2 discrimi-
nated humans from apes but accounted for <7% of the variance.
Moreover, its factor loadings demonstrate onlyminimal effect from
any variables save three largely redundant measures of relative
infraspinous and supraspinous fossa area (27). A high supra-
spinous/infraspinous ratio certainly is expected in any species with
an arboreal heritage (SI Appendix, Fig. S22) but is unlikely to be
probative for the pectoral girdle’s total morphological pattern (33).
It is potentially more informative to explore geometric relation-

ships within the bone’s primary infrastructure, i.e., the relative spa-

tial orientations of its glenoid plane (glenohumeral joint function),
axillary border (rotator cuff), spine (trapezius, infraspinatus, and
supraspinatus), and vertebral border (rhomboids and serratus an-
terior). KSD-VP-1/1g allows accurate calculation of five angles that
should reflect these functional relationships (Table 1 and SI Ap-
pendix, Fig. S23).KSD-VP-1/1g iswithin thehumanand chimpanzee
size ranges; therefore, allometry should not be a confounding issue.
All five angles recorded in Table 1 are significantly correlated

(Table 2), but none is an obvious redundant vicar of another, save
bar–glenoid and axillary–glenoid, whose coefficient is close to 0.9.
Some have argued that the bar–glenoid angle should reflect
scapular orientation reliably (34), but it is correlated only mod-
erately with the spino–glenoid angle (Table 2). This observation is
notable, because scapular functional integration primarily reflects
relationships among its blade, spine, and glenoid (35).
Comparison of KSD-VP-1/1g with other hominoid scapulas sug-

gests functional uniqueness. In the two redundant angles (axillary–

Fig. 2. Rib curvature index of the second rib. Assessment method is shown
in SI Appendix, Fig. S17. Although one Gorilla specimen (CMNH-B1781)(n =
33) fell within the human range, KSD-VP-1/1n lies well within the human
range. The platypelloidy of Australopithecus probably made its inferior
thorax mediolaterally broad; but this breadth would have been unrelated to
the “pyramidal form” of African ape thoraces. Box plot parameters are
provided in SI Appendix, Fig. S8.

Fig. 3. X-rays ofhominoid scapulas. (A)Modernhuman (CMNH-HTH-2450). (B)
KSD-VP-1/1g. (C)Gorilla (CMNH-B-1730). (D)Pan (CMNH-B-3551). Eachspecimen
has been scaled to the same approximate superoinferior glenoid height and
alignedwith its vertebral borderapproximately vertical. Note theuniquenessof
Pan if a line is drawn connecting each specimen’s superior and inferior angles
(largely vertical inD). The human’s glenoid angle is among themost superior in
our sample (n = 21). All specimens, save Pan, have similar glenoid orientations.
Both Pan andGorilla are distinguished from the hominids by their substantially
greater inferomedial spine orientation. KSD-VP-1/1g is most similar to humans.
Pan is clearly the morphological outlier.

Table 1. Angular data for the scapular angles in hominoids*

Taxon N Axillary–vertebral Glenoid–spine Axillary–spine Axillary–glenoid Bar–glenoid

H. sapiens 11 39.2 (3.0) 98.2 (5.4) 53.4 (6.5) 137.4(5.5) 140.1 (4.4)
P. troglodytes 10 29.0 (8.6) 88.2 (5.3) 28.0 (4.4) 118.4 (5.2) 124.4 (6.1)
G. gorilla 10 31.2 (8.9) 88.9 (7.0) 29.9 (5.0) 123.4 (4.9) 129.3 (6.1)
KSD-VP-1/1 31 104 50 128 134

*For a definition of each angle, see SI Appendix, Fig. S13.
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glenoid and bar–glenoid), KSD-VP-1/1g is largely intermediate be-
tween humans and Gorilla but lies above the latter’s interquartile
range (SI Appendix, Fig. S24). Its axillary–vertebral angle is more
ape-like than human-like but is a poor discriminator (Table 1).
Conversely, the value of the glenoid-spine angle in KSD-VP-1/1g
greatly exceeds those of African apes and even most humans
(Table 1). Themost powerful discriminator is the axillary–spine angle
(SI Appendix, Fig. S25). For this measure KSD-VP-1/1g falls well
within the human distribution—far above those of the African apes.
Data reduction via PCA robustly distinguishes the scapulas of

humans from those of apes (Fig. 4), but twoGorilla specimens fall
close to humans. These data suggest that some DIK-1–1 metrics
are similar to those ofGorilla because they share a relatively large
supraspinous area (27). Notably the remaining two significant
components, most heavily influenced by the glenoid-spine (PC2)
and axillary–vertebral (PC3) angles, are nondiscriminators. All
five angles appear to influence PC1 substantially (i.e., factor
loadings from 0.644 to 0.920) (Table 3), on which KSD-VP-1/1g
falls within the human cloud. Moreover, the specimen plots
substantially distant from any specimen of Pan, its closest non-
hominid phyletic relative, consistent with that taxon’s highly de-
rived locomotor skeleton (22). Overall, current data therefore
suggest that Australopithecus morphology in some ways was
shared with Gorilla [a larger supraspinous fossa (as in DIK-1-1)
(27) and a more superiorly oriented glenoid], but in others was
decidedly more Homo-like, i.e., a scapular architecture whose
total morphological pattern was unique and remarkably distant
from that of Pan. Importantly, as also suggested by the second rib,
there is clearly no evidence that the early hominid thorax was
“funnel-shaped” as previously claimed (36). To the contrary, its
pectoral girdle appears to reflect either a long heritage of “post-
arboreal” evolution or derivation from a unique locomotor pat-

tern not represented by any extant large-bodied hominoid, or
both. Moreover, KSD-VP-1/1’s greater similarity to Homo and
Gorilla suggests that the pectoral girdle of Pan is highly derived,
as suggested by data from Ar. ramidus (22).

Forelimb
KSD-VP-1/1b is the distal end plus two thirds of the shaft of
a right humerus (SI Appendix, Fig. S26). It has suffered extensive
exfoliation, although it clearly exhibits a typically hominid rugose
deltopectoral crest (22). The trochlea and capitulum are largely
preserved but with some cortical exfoliation. Estimates of distal
articular surface breadth probably are accurate to within 1 or 2
mm (maximum, ≈ 48) (SI Appendix, Table S9). The distal end is
robust, as in MAK-VP-1/2 (37) and specimens from Hadar (38).
KSD-VP-1/1a is the proximal 60% of a well-preserved right

ulna (SI Appendix, Fig. S26). Articulation with KSD-VP-1/1b
shows no significant “carrying angle.” The ulnar tuberosity is well
preserved and is most similar to those of humans. Shaft curva-
ture is minimal. Although proximal elbow morphology is con-
servatively shared among extant hominoids, a salient exception is
the orientation of the trochlear notch, which is strongly retro-
flexed in apes (i.e., faces superiorly) but not in early hominids
(39–41). An anterior-facing notch reflects transarticular load
bearing in a variety of flexed postures, whereas a more superiorly
facing notch likely reflects differential loading during suspension
(41). The trait in KSD-VP-1/1a is similar to its expression in A.L.
288–1 and ARA-VP-6/500 (22) (SI Appendix, Fig. S27 and Table
S10). The specimen lacks a flexion tubercle (22).

Body Size and Dimorphism
Body size and skeletal dimorphism in Au. afarensis have been
addressed previously (42, 43). A human regression for femoral head
diameter (FHD) from acetabular diameter (44) in KSD-VP-1/1
yields 41 mm. Reno et al. (43) used ratio data from A.L. 288–1 to
estimate FHD in a number of Au. afarensis specimens. Two un-
damaged sites shared by KSD-VP-1/1 and A.L. 288–1 [ulnar
mediolateral breadth below the radial facet and anteroposterior ar-
ticular length of the tibial plafond (43)] each yield an FHDof 36mm
for KSD-VP-1/1. These three estimates average 38 mm, making
KSD-VP-1/1 the 4th largest of 16 specimens from all non-333 lo-
calities, 12th of 26 specimens from A.L. 333, and 16th among
42 possible estimates from all known specimens. The first of these
rankings is probably the most representative, because individuals at
333 may have contributed multiple anatomical sites, thereby poten-
tially skewing FHD distribution in favor of one or a few individuals.
KSD-VP-1/1’s position among these rankings suggests it was male.

Relative Hindlimb/Forelimb Size in Early Australopithecus
To date, only A.L. 288–1 (4) has been sufficiently complete to
compare upper and lower limb metrics without reliance on sta-
tistically based speculation (42). Its diminutive size (43) has led to
decades of contentious conjecture about the confounding effects
of allometry (45, 46). The more recent A.L. 438–1 is substantially
larger but lacks any hindlimb elements (40). The size of StW 573
(Australopithecus sp.) (47) makes it equally unlikely to resolve
issues of allometry.Moreover, its attribution to an age equal toAu.
afarensis is confounded by “many factors [that] could contribute to
dating error” (p. 609, ref. 48). Analyses using 238U-206Pb meas-

Table 2. Correlations between scapular angles among hominoids*

Axillary–vertebral Glenoid–spine Axillary–spine Axillary–glenoid

Spino–glenoid 0.421
Axillary–spine 0.542 0.598
Axillary–glenoid 0.475 0.415 0.824
Bar–glenoid 0.525 0.322 0.740 0.897

*All correlations are significant at P < 0.0001 except for bar–glenoid/glenoid–spine, for which P < 0.005 (n = 3).

Fig. 4. PCA of scapular angular data. PC1 forfive scapular angles (schematic is
shown in SI Appendix, Fig. S23) discriminates humans from African apes but
especially from Pan. KSD-VP-1/1g falls within the human cloud. The standard-
ized distance (here the univariate equivalent of the Mahalanobis D2) between
African apes and humans is very large at 4.09. PC1 is most heavily influenced by
the axillary–spine and axillary–glenoid angles (Table 3). Repeating the analysis
using variance-covariance rather than correlations increases D2 to 4.57. PC2 and
PC3 did not discriminate humans from apes. These data suggest that scapular
spine orientation is a principal discriminator of pectoral function in humans and
African apes, whereas glenoid orientation is a poorer discriminator.
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urements on speleotherms suggest a recent age (2.2 Ma) (49),
which is consistent with the deposit’s faunal similarities with sites
in eastern Africa (50, 51) and with age estimates from magneto-
chronology (49) and electron spin resonance (52).
KSD-VP-1/1 now throws substantial light on the natural his-

tory of hominid limb proportions (42), especially in conjunction
with ARA-VP-6/500 (22). Only four other specimens preserve
useful upper and lower limb elements. BOU-VP-1/1 (ca. 2.5 Ma,
contemporary with Au. garhi) (53) and KNM-WT 15000 (H.
erectus) (54) have modern human-like humerus/femur pro-
portions, although BOU-VP-1/1 still exhibits a more elongate
antebrachium than doesHomo. Conclusions based on OH-62 (H.
habilis) are unacceptably speculative (42).
Until now, therefore, only A.L. 288–1 has provided reliable Au.

afarensis limb proportions (SI Appendix, Table S11). Because the
crural index is stable in hominoids (80–85; SI Appendix, Table
S12), its tibial length can be estimated from its nearly intact femur.
Neither humerus nor antebrachial length is known for KSD-VP-1/
1, but various forelimb joint dimensions are well preserved. As
noted elsewhere, comparisons of fossil specimens should be made
uniformly using direct metrics to avoid errors that result from es-
timating intermediate parameters such as body weight (43). We
therefore will not revisit the debate about Au. afarensis limb pro-
portions, because KSD-VP-1/1 provides direct linear data on up-
per limb joint size and lower limb length.
Fig. 5 compares tibia length with the geometric mean of eight

measures of joint size in the humerus, ulna, and scapula.KSD-VP-1/
1 falls well within the human distribution. This comparison might
lead to the conclusion that the Au. afarensis tibia was as relatively
elongate as those of modern humans. However, if the two speci-
mens are assumed to be members of the same population, their
positions inFig. 5 suggest instead that the species probably exhibited
a unique combination of lower limbs substantially longer than in an
African ape of equivalent body size (viz., KSD-VP-1/1’s forelimb
joint size is more similar to that of Pan than to most Homo, but its
hindlimb is much longer than that of Pan) and forelimbs more di-
minutive than in an African ape of equivalent body size (viz., A.L.
288–1’s tibia length is similar to that ofPan, but its forelimb is far less
robust). These observations are supported further by a comparison
of individual articular dimensions and bone lengths in A.L. 288–1
and KSD-VP-1/1 treated separately (SI Appendix, Figs. S28–S30).
The estimated humerus/femur ratio in Ar. ramidus (ARA-VP-

6/500) is 0.89 (22), similar to that of A.L. 288–1 (0.84) (SI Ap-
pendix, Table S11). Because the radius/tibia ratio and inter-
membral indexes of both Ar. ramidus and Au. afarensis also are
close to those of Proconsul sp., it is most likely that the limb
proportions of Australopithecus are simply primitive and that only
moderate elongation of the hominid lower limb occurred there-
after (i.e., the Homo and Australopithecus distributions shown in
Fig. 5 overlap substantially, but their mean values obviously are
likely to have differed). The delay in the appearance of moderate
hindlimb elongation as compared with the timing of numerous
other adaptations to bipedality (8, 11, 14–16, 18–22) suggests that
hindlimb elongation was of only limited adaptive significance.

Locomotor Pattern
KSD-VP-1/1 provides a unique opportunity to evaluate some
aspects of the locomotor habitus of Australopithecus. As with A.L.

288–1, its total morphological pattern confirms well-established
obligatory terrestrial bipedality with only minimal, if any, faculta-
tive exploitation of the arboreal environment. The scapula pro-
vides no evidence of a history of suspension or vertical climbing as
it does in Pan (and to a lesser extent in Gorilla), and the thorax is
more human- than ape-like. These characters are consistent with
an ulna whose shaft is relatively straight, lacks a flexion tubercle
(22), and exhibits an anterior-facing trochlear notch.
The hindlimb of KSD-VP-1/1 reflects a virtual transformation

of all elements to habitual bipedality, including a matrix of distal
tibial features antithetical to vertical climbing (especially
a deeply curved and mediolaterally narrow plafond) (18, 19),
femoral characters indicative of a tibial dominant (14), valgus
knee, and a pelvis with broad anteriorly extended abductor ori-
gins (16), a greatly shortened ischial ramus with an acutely an-
gled tuberosity, a sacrum with distinctly broadened alae for
emancipation of the lowest lumbars for full lordosis (55), a nar-
row, acute greater sciatic notch, a robust anterior inferior iliac
spine arising from a unique separate center of ossification (in-
dicative of novel, robust mediolateral expansion of the attach-
ment of the anterior gluteals) (56), and deep iliopsoas and
obturator externus tendon grooves (8, 12, 16). KSD-VP-1/1 now
also confirms that some highly variable postcranial characters
(e.g., “deficiency” of anterior lunate surface extension of the
acetabulum), argued to indicate “facultative bipedality” (57),
are, as previously noted (8), merely as variable in Austral-
opithecus as in Homo and lack any locomotor valence (type 5).
Even lower limb length, as now evidenced by KSD-VP-1/1, no
longer remains an argument against “human-like” bipedal ki-
nematics in Au. afarensis (58), because the distribution of relative
lower limb length/relative forelimb size appears to have over-
lapped substantially with that of Homo. Moreover, judged in this
manner, relative hindlimb length is likely to have been even more
Homo-like than exhibited in Fig. 5, because the modern human
forelimb (and thereby forelimb joint size) has been reduced
substantially since Au. afarensis (42).
It has been argued that a proximal femur allocated to Orrorin

tugenensis (BAR 1002’00) suggests an Au. afarensis-like loco-
motor pattern that persisted unchanged for several million years
(59), although important femoral landmarks such as the shape
and form of the greater trochanter are not fully preserved in
BAR 1002’00. Moreover, data now available for Ar. ramidus,
which postdates O. tugenensis by a considerable time period,
make such locomotor stasis unlikely.

Fig. 5. Log-log scatterplot of tibia length versus upper limb size in KSD-VP-
1/1 and A.L. 288–1. A.L. 288–1 tibia length from the mean crural index in
hominoids (SI Appendix, Table S11). A reference line of slope equal to 1 is
provided for reference (intercept = 2.66). Note that KSD-VP-1/1 and A.L.
288–1 fall close to this line, which passes through the human distribution.

Table 3. Principal component loadings of scapular angular data
in hominoids

Variable PC1 (67%) PC2 (16%) PC3 (12%)

Axillary–vertebral 0.706 0.229 0.670
Glenoid–spine 0.640 0.699 −0.281
Axillary spine 0.919 0.021 −0.170
Axillary–glenoid 0.911 −0.311 −0.153
Bar–glenoid 0.880 −0.392 0.003

Haile-Selassie et al. PNAS | July 6, 2010 | vol. 107 | no. 27 | 12125

A
N
TH

RO
PO

LO
G
Y

http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1004527107/-/DCSupplemental/sapp.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1004527107/-/DCSupplemental/sapp.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1004527107/-/DCSupplemental/sapp.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1004527107/-/DCSupplemental/sapp.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1004527107/-/DCSupplemental/sapp.pdf
http://www.pnas.org/lookup/suppl/doi:10.1073/pnas.1004527107/-/DCSupplemental/sapp.pdf


The total biomechanical pattern of Au. afarensis involves a host
of specialized postcranial characters, all of which are fully consis-
tent with data reported here for KSD-VP-1/1, those previously
available for Au. afarensis, and the Laetoli footprints (58, 60),
which at 3.66 Ma are just slightly older than KSD-VP-1/1 (61).
Equally important are similarities between the Au. afarensis pelvis
and the recently described H. erectus specimen from Busidima
(BSN49/P27a–d) (11). These similarities are particularly striking,
especially in light of the time separating them (at least 2.2 million
years). Such constancy of morphotype suggests that highly derived
terrestrial bipedality enjoyed a long period of stasis punctuated
only occasionally by additionalmodifications to the postcraniumof
apparently decreasing selective significance (e.g., length of pedal
intermediate phalanges, lower limb length).
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