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Re-interpreting the evidence
for bipedality in Homo
floresiensis

Maria B. Blaszczyk™ and Christopher L. Vaughan*i

The unveiling in October 2004 of the remains of a pygmy-sized
hominin recovered from a cave on the island of Flores, Indonesia,
sparked an intense series of debates within the palaeoanthro-
pology community. The discoverers diagnosed it to be a new
species of Homo, which they called Homo floresiensis, and they
interpreted the postcranial morphology as being ‘consistent with
human-like obligate bipedalism’. We have examined the morphology
with the aim of determining whether biomechanical evidence
supports the claim that this hominin—known as LB1—was indeed
habitually bipedal. LB1’s innominate bone differs from that of
modern humans through the marked lateral flaring of the ilium,
while her femur has a small head and a relatively long neck.
Although these features are also found in australopithecines and
are commonly regarded as ‘primitive’ traits, we concluded that
none would have prevented her from exhibiting an efficient, bipedal
gait. Having established that LB1 walked on two legs, we employed
the principle of dynamic similarity to speculate how she might have
walked. Assuming the gait of LB1 was dynamically similar to that of
modern Homo sapiens, we used known dimensionless parameters,
together with her leg length (0.55 m), to estimate her fundamental
gait parameters: step length = 0.45 m, step frequency = 2.48
steps/second and speed = 1.11 m/s. Our review has provided
insights regarding the way in which LB1 and her fellow diminutive
hominins walked about the island of Flores over 18 000 years ago.

Introduction

One of the key traits that separate hominins from all other
primates is the habitual use of a bipedal gait. Humans are the
only extant species in the hominin group, and our bipedality is
the most distinctive adaptation from our closest living relatives,
the anthropoid apes." * This single characteristic is seen to be
such a defining feature that skeletal adaptations to bipedalism
are frequently used to identify our extinct hominin ancestors
and relatives, and attempts at classification of these extinct
species are often made on the basis of these adaptations. Wood
and Collard,” for example, have proposed that the fossil
hominins be divided into two groups on the basis of locomotor
inferences that have been made from their postcranial morphol-
ogies. The first group displayed a form of terrestrial bipedalism
combined with an ability to climb proficiently, thus employing a
mixed strategy, and include Praeanthropus, Australopithecus, and
Homo habilis. The second group, consisting of Homo erectus, Homo
ergaster, Homo heidelbergensis and Homo neanderthalensis, was com-
mitted to modern human-like terrestrial bipedalism, with a very
limited arboreal facility. Wood and Collard’ furthermore argued
that a fossil species should be included in the Homo genus only if
it met the criteria of ‘a postcranial skeleton whose functional
morphology is consistent with modern human-like obligate
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bipedalism’, and, on this basis, concluded that Homo habilis
should be excluded from the genus. More recent analyses of the
approximately 6-million-year-old Orrorin tugenensis fossils have,
however, found this species’ femur to be morphologically more
like that of modern humans than australopithecines,* which led
Pickford et al.” to conclude that Orrorin was a habitual biped. If
this deduction is correct, the story of the evolution of bipedalism
and its place in classificatory schemes is likely to change.

The unveiling in October 2004 of the remains of a pygmy-sized
hominin recovered from a cave on the island of Flores, Indonesia,
has sparked an intense series of debates, and the issue of how to
classify the specimen is one of the major controversies.”’ In
describing the skeleton, catalogued as LB1, Brown et al."’ diag-
nosed it to be a new species of Homo, and thus gave it the name
Homo floresiensis. Although many experts support the taxonomic
decision of Brown and his colleagues, others have challenged
their interpretation and offered alternative theories.® These
include the view that the primitive characteristics of LB1’s anat-
omy suggest an ancestor such as Homo habilis, or that it might
perhaps be an offshoot of Australopithecus.®

So what led Brown and colleagues to place LB1 in the genus
Homo? Although they acknowledged that the LB1 skeleton
showed a mosaic of primitive and derived traits, and were
impressed by the characteristics LB1 shared with early hominins
such as the australopithecines, they concluded that ‘the facial
and dental proportions, postcranial anatomy consistent with
human-like obligate bipedalism, and a masticatory apparatus
most similar in relative size and function to modern humans all
support assignment to the genus Homo.”"’ The recreation of the
LB1 skeleton in the illustrative pose in National Geographic' is cer-
tainly suggestive of abipedal gait (see Fig. 1). The interpretation of
the postcranial morphology as being ‘consistent with human-
like obligate bipedalism’ is thus one of the major pillars upon
which the claim by Brown et al."” rests.

Features of the postcranial skeleton of Homo floresiensis
Therecovery of the LB1 skeleton took place during an archaeo-
logical excavation at Liang Bua, Flores, in September 2003."” The
recovered elements of the postcranial skeleton included a fairly
complete right leg and left innominate bone of the pelvis and
less complete left leg, hands and feet. The vertebral column,
sacrum, scapulae, clavicles and ribs were represented only by
fragments, while the arms were reported more recently.”
Describing the postcranial elements, Brown et al."” noted that,
‘in common with all bipedal hominins, theiliacblade is shortand
wide.” That is where their discussion of LB1’s bipedality began
and ended. They went on to describe the marked lateral flare
of the ilium, whose blade would have projected more laterally
relative to the plane of the acetabulum than in modern humans
(Fig. 2), before going on to discuss the anatomy of the femur
(Fig. 3). They asserted that the femur’s overall anatomy was
most consistent with the broad range of variation found in Homo
sapiens, with, for example, strong development of the inter-
trochanteric crest as is characteristically found in our species.”
However, they also described the biomechanical neck length of
the femur (55.5 mm) as being long relative to the femoral head
diameter (31.5 mm), a feature of the australopithecines and early
Homo (Table 1). They noted that several indices of femoral size
and shape—the relationship between femoral head size and
midshaft circumference (66 mm), and femoral length (280 mm)
and sub-trochanteric shaft size (525 mm?—fell within the
chimpanzee and australopithecine range of variation."”"* Their
description of the tibia showed that the relationship between the
midshaft cross section (347 mm?) and the length of the tibia
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Fig. 1. The recovered bones of Homo floresiensis have been assembled in this
locomotor pose by an artist, clearly suggesting that LB1 displayed a human-like
bipedal gait. This figure has been redrawn from the original colour illustration in
National Geographic.""

(235 mm) was in the chimpanzee range of variation, and distinct
from Homo.

In addition to structural characteristics related to requirements
of bipedality, some of the most obvious differences between
human and ape skeletons are ‘proportional differences, involv-
ing not only the relative lengths of the long bones and trunk but
also bone girth and joint surface size directly reflecting the
different requirements of weight transfer through human and
ape skeletons’."” It is somewhat surprising that Brown et al."* did
not consider these proportionsin their discussion on LB1’s mode
of locomotion. As several of the indices characterizing LB1's
lower limb fall within the australopithecine and chimpanzee
range of variation (Table 1), might it not follow that LB1’s loco-
motor mode shared features with those predicted for australo-
pithecines, or even those displayed by chimpanzees? Whatis the
relative importance of these and other morphological features in
predicting a species’ mode of locomotion? A comparison of the
biomechanical characteristics of bipedality and quadrupedalism
and their respective morphological indicators in modern humans
and our closest living relatives are helpful in answering these
questions.

Morphological indicators of arboreal and bipedal locomotion
Quadrupedalism is the most common mode of locomotion
among primates, although they certainly display a wide array of
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locomotor behaviours. Apes are, however, largely arboreal and
thus the basic mechanical conditions of climbing in trees can be
related to their skeletal anatomy.' The most obvious require-
ment for a bipedal gait is an upright posture, which in turn
requires that the centre of mass (CoM) of the body remain
directly over the rectangular area formed by the supporting
feet. This explains, for example, why chimpanzees, when walk-
ing bipedally, do so with a bent-hip/bent-knee (BHBK) gait."* A
BHBK gait is fatiguing if significant distances are walked,”
whereas the “stiff-legged’ gait of humans allows for an effective
exchange of gravitational potential and kinetic energy, which
minimizes energy consumption.”®" Morphological features that
allow extension of the lower limb joints during locomotion, such
as the lumbar lordosis, are consequently seen to be indicators of
a bipedal gait.

The ape pelvis displays several features common to other
quadrupeds, such as ischial corpora that are elongated, and ilial
blades that lie mostly in the coronal plane.* The ape’s long
ischium is adapted to power the hip in extension by giving the
hamstrings a long moment arm, while the lengthened ilium
provides gluteus medius and minimus with great fibre length,
which is mechanically advantageous for quadrupedal locomo-
tion and during climbing." In contrast, the human pelvis is short,
squat and basin-shaped. The human ilium is unique among
primates by virtue of the fact that it is wider than itis high,” thus
eliminating any restrictive contact between the ilia and the
lower lumbar vertebrae® and facilitating bipedal posture.
Another exclusively human feature is the greater sciatic notch on
the sacral margin of the ilium, created by retroflexion of the
ilium, and resulting in a far greater angle between the ilium and
the ischium than that seen in apes. This allows the trunk to be
held upright without compromising the biomechanical relation-
ship between the ischium and the femur."”

Differences in the morphology of the femur in humans and
apes include the degree of obliquity of the femoral shaft, its
mediolateral curvature and cortical thickness, and the relative
size of the femoral condyles. The latter three parameters reflect
the difference in weight transfer during quadrupedal versus
bipedal locomotion.” In humans the knee joint is closer to the
mid-line of the body, and placement of the feet facilitates a
smoother and more efficient gait.">'**!

Indicators of bipedality in the fossil record

One of the big debates in palaeoanthropology has centred on
the locomotor mode of australopithecines, with the Austra-
lopithecus afarensis specimen AL-288-1, commonly known as
‘Lucy’, being particularly extensively studied because her loco-
motor anatomy is reasonably intact.”* Numerous studies have
pointed out that the morphology of the pelvic and lower limb
bones of Australopithecus present a mosaic pattern of features.”>
They retain some primitive, ape-like traits, such as short lower
limbs and relatively small lower limb and vertebral joints, but
also have derived, more human-like features associated with
bipedalism, including short, laterally facing iliac blades and
valgus knees. In addition, Australopithecus displays unique
features not found in either apes or humans, such as an excep-
tionally wide and laterally flared pelvis.*® The debates regarding
the locomotor mode of Australopithecus are many, the literature is
extensive, and a comprehensive review of these debates thus
falls outside the scope of this paper. Certain areas of the debate
are, however, relevant to the present discussion. As Brown et al."’
have pointed out, the postcranial skeleton of LB1, like that of
AL-288-1, ‘combines a mosaic of primitive, unique and derived
features,” and the two specimens share certain morphological
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Fig. 2. Comparison of the left innominate bone from LB1 (above) with a modern adult female Homo sapiens (below). This figure has been redrawn from the original black

and white photograph in Nature."®

features, such as a broad pelvis with lateral flaring of the ilium
and a long neck of femur in relation to femoral head diameter
(Figs 2 and 3). These latter two features are often regarded as
‘primitive’ and have frequently been cited as evidence of incom-
plete bipedal adaptation in australopithecines,”* and an assess-
ment of their implications for locomotion is thus required.

A small femoral head in relation to the femoral neck length has
commonly been assumed to result in excessively high hip-joint
stresses in bipedal stance, which would not be compatible with
habitual bipedalism. Lovejoy et al.”’ challenged this assumption
by means of a biomechanical analysis of the static force and
relative joint stress that would have acted on the femoral head of
one australopithecine, Sts-14, as compared to that of the average
of 20 Amerindians. The femoral head of Sts-14 is missing, but it
was possible to make inferences from the femoral neck. They
calculated the ratio of femoral head stress in Homo sapiens to that
in Sts-14 to be 2.03 when normalized for total body weight.
Thus, a small femoral head does not necessarily lead to high
stresses; it is only one of the factors governing forces within the
total pelvi-femoral complex.” The same can be said for other
features: inter-acetabular distance alone does not predict joint
reaction forces; the extent of lateral flaring of the ilia and the
femoral neck also need to be considered. An increase in either of
these two factors will resultin an increased lateral biomechanical
lever arm, tending to reduce joint stresses. The biomechanical
evidence therefore supports the assertion that morphological
features such as lateral flaring of the ilia and long femoral necks
are not evidence of inefficient bipedalism in Australopithecus;

rather, if considered as a whole, they can be indicative of a
human-like bipedal gait.

Another feature of Australopithecus that is sometimes cited as
being reflective of an inefficient gait is short legs. Some anthro-
pologists have equated short legs with increased energy expen-
diture because a greater stride length, made possible by longer
limbs, will lead to reduced cadence for a given velocity.*® This
means that the leg swings less often, so power requirements
decrease, and less energy is used. As Kramer and Eck” have
pointed out, however, stride length is only one aspect governing
energy expenditure. Longer legs may decrease cadence for a
given velocity, but they also have a higher mass moment of
inertia and as a result the power required in each step is
increased, so it does not automatically follow thatlengthening of
the lower limb decreases power requirements. Steudel® found
no significant relationship between cost of locomotion versus
limb length in 21 species of mammals, including walking and
running in humans, while more recent data suggest that longer
legs increase daily energy expenditure (DEE) in hominins, with
the DEE for H. erectus estimated to be 84% greater than that of
Australopithecus.”

The case for bipedality in Homo floresiensis

A cursory glace at the short, squat innominate bone of LB,
with its curved, ventrally extending iliac blades (Fig. 2), is
enough to convince most people with a basic knowledge of
comparative anatomy that this hominin walked on twolegs. The
ilium displays all of the main characteristics that distinguish the
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pelves of the Hominidae from those of their
quadrupedal primate relatives: shortness, in-
crease in breadth, and retroflexion to create
the greater sciatic notch.” These unique mor-
phological characters have all been shown to
be specific adaptations to bipedalism.

What is less obvious from LB1’s locomotor
anatomy is the fype of bipedality and the
degree to which it was displayed. LB1’s
innominate bone differs from that of modern
humans through the marked lateral flaring of
its ilium (Fig. 2), and her femur has a small
head and a relatively long neck (Fig. 3). She
also has relatively short legs, and the propor-
tions of many of the characters of her lower
limb bones fall within the chimpanzee and
australopithecine range of variation (Table 1).
Do these differences accordingly mean that
the floresiensis gait was significantly different
from that of sapiens? Not necessarily.

Proportional differences in long bones,
which are traditionally studied through indi-
ces, are used to characterize a species and
their relationships to other species (Table 1).
For example, the humerofemoral index (ratio
of lengths of humerus to femur) among the
higher primates demonstrates that humans
have unusually long lower limbs, and apes
unusually short ones, in relation to their
upper limbs, whereas arboreal Old World
monkeys have a more or less isometric rela-
tionship.” In this respect, arboreal quadrupedal monkeys re-
semble bipedal humans more closely than they do arboreal
quadrupedal apes. Therefore, proportional differences in long
bones, while commonly used in functional interpretations of
interspecies relationships, cannot in and of themselves be good
predictors of locomotor mode. The same is true of the length of
lower limb bones in relation to the rest of the body; LB1's legs are
short, but this would not have precluded her from having dis-
played an efficient bipedal gait. As we have argued and as
Kramer and Eck® have pointed out, because shorter legs require
less power than do longer ones, to posit that short legs represent
an incomplete adaptation to bipedal gait is not tenable.

Lastly, we turn to the so-called ‘primitive’ features of LB1’s
postcranial morphology, her broad pelvis and her femur with
long neck and small head (Figs 2 and 3). If these features are
interpreted from a purely comparative point of view, one might
be led to expect that LB1’s gait was distinct from that of modern
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Fig. 3. Anterior and posterior views of the right femur and tibia from LB1, showing cross sections of the
femoral neck and midshaft, and the tibial midshaft. This figure has been redrawn from the original black
and white photograph in Nature."®

humans—thatis, differences in locomotor anatomy are consistent
with differences in gait. This line of analysis might be carried
even further, leading one to postulate that, as humans are the
exemplar of efficient bipedalism among primates and their
anatomy will reflect this, any deviation will tend to signal a less
efficient gait. When scrutinized rigorously, however, these
kinds of assumptions do not always hold water.” A good exam-
ple is the debunking of the myth that a smaller femoral head au-
tomatically means higher hip-joint stresses. On the contrary, a
careful biomechanical analysis revealed that smaller heads can
exist in combination with lower hip-joint stresses than those
found in modern humans.”

The above example demonstrates the dangers of interpreting
morphological features in isolation. Wide hips have been seen as
a poor adaptation to bipedalism because they would increase
hip joint reaction forces.” That wider hips as a feature by them-
selves would do this is true, as they increase the lever arm at

Table 1. Comparison of anthropometric data for four different species: a modern human female, Homo sapiens; a modern great ape, the chimpanzee (Pan troglodytes);

Australopithecus; and Homo floresiensis, the specimen LB1. The indices have been compiled from a variety of sources.

10181527 Eor Australopithecus, most of the indices

are for the specimen AL-288-1,"* except for the femoral neck index, which is based on Sts-14,”” and bicondylar angle which is based on AL-129-1." The humerofemoral
index for Australopithecus is an estimate based on incomplete humeri and femora. The definitions for the parameters are listed below.

Parameters Homo sapiens Pan troglodytes Australopithecus Homo floresiensis
Humerofemoral index 709+ 3.4 102.6 + 3.7 85.9 86.8
Crural index 782 +0.8 80.4+2.0 83.6 83.9
Femoral neck index 15.1 - 18.9 19.8
Femoral robusticity 18.0-22.8 22.7-275 23.5 23.6
Tibial robusticity 19.8-22.7 21.4-26.1 23.8 28.1
Bicondylar angle (°) 10524 1.0+1.9 15.0 14.0

Humerofemoral index = 100 x (humeral length)/(femoral length).

Crural index = 100 x (tibial length)/(femoral length).

Femoral neck index = 100 x (biomechanical length of femoral neck)/(femoral length).
Femoral robusticity = 100 x (femoral mid-shaft circumference)/(femoral length).
Tibial robusticity = 100 x (tibial mid-shaft circumference)/(tibal length).

Bicondylar angle = angle that shaft of the femur makes with the vertical when the two femoral condyles are resting on a horizontal level surface.
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which body weight operates. But wide hips are not an isolated
feature of LB1's anatomy—they are found co-existing with a
marked lateral iliac flare and long neck of femur, two features
which tend to act in the opposite direction to bring down reaction
forces. When we consider the features of LB1’s pelvis in relation
to each other rather than in isolation, therefore, we can see that
none of them would have prevented her from exhibiting an
efficient, habitual, bipedal gait. Perhaps Kramer and Eck”
have accorded the big differentiating features their most likely
significance, with arguments for another hominin’s habitual
bipedality: ‘australopithecines like AL-288-1 were proficient
bipeds not despite their short legs and wide pelves but, rather,
because of them’. The same could be said of LB1.

Estimating plausible gait parameters for
Homo floresiensis

Having established that LB1 walked on two legs, it is reasonable
to ask how she walked. To assist in this endeavour, Vaughan and
Blaszczyk™® have employed the principle of dynamic similarity,
an extension of geometric similarity (where one object is made
identical to another by multiplying all lengths by a constant
factor). In dynamic similarity, all lengths, times and forces are
multiplied by separate constants. In bipedal locomotion, two
different systems exhibit dynamic similarity when they walk
with equal Froude numbers (Fr),

Fr = v*gLL, @

where v is the speed of walking in m/s, g is the gravitational
acceleration (9.81 m/s*) and LL is the leg length in metres.* The
Froude number has been adapted from naval architecture and
allows the comparison of locomotion in different-sized bipeds.”
It follows that the independent gait parameters step length (SL)
and step frequency (SF) may be normalized to yield dimension-
less parameters

A =SL/LL 2)
and ¢ = SF/(¢/LL)", (©)

where the product of dimensionless step length (1) and
dimensionless step frequency (¢) combine to yield dimensionless
speed 3 (= 4 X ¢)* and the substitution of Equations (2) and (3)
yields the square root of the Froude number:

B =v/gLLy". 4

Equations (2), (3) and (4) enable us to gain key insights regard-
ing plausible gait parameters for LB1. Based on a sample of 669
normal subjects, ranging in age from children aged 5 all the way
up to elderly adults in their 90s, we have shown that the
dimensionless parameters for dynamically similar gait have
values of A = 0.814 = 0.041, ¢ = 0.588 = 0.023, and § = 0.478 =
0.025.* These values may be contrasted with data for children
younger than 5 during neuromaturation,® or children with
cerebral palsy evaluated before and after surgery.”

Vaughan and Blaszczyk® argue that the anthropometric
indices of H. floresiensis and H. sapiens support the assertion that
the locomotor morphologies of these two species are geometri-
cally similar, and they have assumed that the gait of LB1 was
dynamically similar to that of modern Homo sapiens. This makes
it possible to add the length of LB1’s femur (280 mm) and tibia
(235 mm) as provided by Brown et al,” plus an estimate of
her malleolar height (35 mm), to yield a leg length LL = 0.55 m.
Equations (2), (3) and (4) then yield values of SL = 0.45 + 0.02 m,
SF = 2.48 = 0.10 steps/second, and v = 1.11 + 0.06 m/s (Fig. 4).

For purposes of comparison, the same equations may be
applied to the fossilized footprints discovered in Laetoli, East
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Fig. 4. A gait nomogram, where actual parameters—step frequency in steps/
second and step length in metres—have been plotted against one another and the
isocurves represent actual walking speeds, ranging from 0.1 to 2.2 m/s. The
isocurves are simply based on the relationship between speed, step frequency and
step length (v=SF x SL). Equations (2), (3) and (4) have been used to calculate the
fundamental gait parameters for a tall Homo sapiens (THS), Homo floresiensis
(LB1) and the two tracks at Laetoli.*****° Also illustrated are the neuromaturation
data for normal toddling infants aged 18 and 36 months,* plus a child with cerebral
palsy seen before and after orthopaedic surgery.*”

Africa by Leakey and Hay,” which were formed in wet volcanic
ash almost4 million years ago by two hominins."” Charteris et al.”
reported the step lengths (SL) of the two tracks as 0.387 m and
0.472m. By assuming dynamic similarity for the gait of these two
australopithecines,” Equation (2) yields leg length (LL) and then
Equation (3) provides an estimate of step frequency (SF). As seen
in Fig. 4, the values for LB1 lie between those for the two Laetoli
hominins. Also included in Fig. 4 are values for a tall Hormo sapiens
(height of 2.01 m and LL = 1.028 m), two cohorts of normal
children at age 18 and 36 months,” and a child with cerebral
palsy seen before and after surgery.” The tall Homo sapiens with
LL = 1.028 m has alonger step length (SL = 0.89 m), a lower step
frequency (SF = 1.85 steps/s), and a much greater walking speed
(v = 1.63 m/s) than LB1 and the Laetoli hominins.®

The values for the walking speeds of the Laetoli hominins (1.03
and 1.14 m/s) were greater than the values predicted by
Charteris et al.*” and Alexander,” although a more recent analysis
based on evolutionary robotics has predicted speeds for these
australopithecines in excess of 1.0 m/s.* In the case of LB1, her
anthropometric indices are very similar to the Australopithecus
afarensis specimen AL-288-1 (‘Lucy’), but somewhat different
from a modern female Homo sapiens (Table 1). While these differ-
ences cannot be ignored, especially when applying dynamic
similarity theory, Crompton et al.” have demonstrated that
Lucy’s gait would have been comparable to that of modern
humans.

Although the theory of dynamic similarity has been success-
fully applied across several different species,”* some authors
have concluded that Froude number corrections are not adequate
predictors of the mass-specific cost of transport.*” Despite such
findings, we believe it is quite plausible that LB1, with a height
estimated to be approximately 1.06 m," walked efficiently at a
speed of just more than 1.0 m/s.”

Concluding remarks
The island of Flores is approximately 350 km long from west to
east, 80 km at its widest point from north to south, and occupies
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an area of 14 300 km? (ref. 11), which is approximately the same
size as the state of Connecticut in the U.S. If LB1 had walked at
her natural speed, it would have taken her about 88 hours to
traverse the length of the island, assuming continuous walking
along a straight and flat path. By comparison, the tall Homo
sapiens in Fig. 4 would have taken approximately 64 hours to
cover the same course, that is, about a day less than LB1.
Interestingly, the discoverers of LB1 have postulated that the
Homo floresiensis species may have arisen from an ancestral
population of Homo erectus and that their long-term isolation on
Flores resulted in endemic dwarfing.'”" Speed of walking is
proportional to the square root of leg length [see Equation (4)],
but energy expenditure for walking at a particular speed is
proportional to body mass.” Since body mass is proportional to
volume (for a particular density), energy utilization is roughly
proportional to the cube of leg length. This suggests thata reduc-
tion in size resulting from dwarfism would have had a far more
dramatic impact on energy consumption than on walking
speed. Thus, a shorter LL may have slightly curtailed LB1’s
ranging behaviour (a 27% reduction in walking speed compared
to tall Homo sapiens), but this would have been more than offset
by the significantly lower calorie requirements (an 85% reduc-
tion in energy expenditure compared to tall Homo sapiens).
Dynamic similarity is not an exact science,”” but it does
nevertheless provide us with some insights regarding the way in
which LB1 and her fellow pygmy-sized hominins might have
walked about the island of Flores over 18 000 years ago.
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