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The Evolutionary Question Posed by Human 
Running Capabilities

Theories about hominin evolution are often connected 
 intimately with notions of what it is to be human. Such ideas 
have had a particularly strong infl uence on thinking about the 
defi nition and origin of the human genus (see Landau, 1993; 
Wood and Collard, 1999; Wood, 2009). Many, if not most 
scenarios for the evolution of the genus Homo emphasize 
the importance of quintessentially human traits such as 
large brains, tool-making, and complex cognition. Usually 
these derived features have been interpreted, explicitly or 
implicitly, as a suite of novel strategies that emphasize 
 cognitive over athletic means of competing with the rest of 
nature (“red in tooth and claw”). Most animals compete with 
each other to a signifi cant extent using athletic capabilities 
such as strength, power, agility and speed. Obviously, humans 
compare poorly with other mammals, including African apes, 
in these characteristics: we are weak, slow, and awkward 

creatures. Even though male chimpanzees weigh less than a 
typical adult modern human, they can produce much more 
force, can sprint more rapidly, and are obviously more agile 
during locomotion (Stedman et al., 2004). Yet, although no 
human alive could match a chimpanzee in hand-to-hand com-
bat, our cognitive capacities are extraordinarily better devel-
oped. Accordingly, it seems reasonable to focus on 
evolutionary scenarios for the genus Homo that explain the 
triumph of brains over brawn.

Interestingly, the idea that humans are poor athletes is 
demonstrably wrong in one crucial respect. While humans have 
comparatively poor performance capabilities in terms of 
power and strength, we are unusually specialized endurance 
athletes, with surprisingly impressive aerobic performance 
capabilities. These capabilities are particularly remarkable for 
endurance running (ER), defi ned as running long-distances 
(>5 km) using aerobic metabolism. These capabilities, which 
have been reviewed in depth by Carrier (1984) and Bramble 
and Lieberman (2004), compare extremely well to other 
mammals, especially primates, in terms of several perfor-
mance criteria such as speed and  distance, especially in hot 
conditions.

Speed

Human ER speeds range from 2.3 to 6.5 m/s. While the latter 
are elite performance speeds for world-record holders, many 
amateurs without special training are easily capable of sus-
tained running at 5 m/s. Such speeds are fast compared to the 
endurance speeds of specialized quadrupedal cursors. A dog 
of similar body mass to a human (65 kg) has a trot–gallop 
transition speed of 3.8 m/s, and can sustain a gallop at 7.8 m/s 
under ideal climatic conditions for only 10–15 min (Heglund 
and Taylor, 1988). Dogs and other quadrupedal cursors cannot 
gallop for long periods, especially when it is hot (see below). 
Thus, while a large dog can outrun a human over short 
distances of a kilometer or two, most fi t humans can outrun 
any dog over longer distances. As detailed by Bramble and 
Lieberman (2004), humans also have remarkable endurance 

Chapter 8
Brains, Brawn, and the Evolution of Human Endurance 
Running Capabilities

Daniel E. Lieberman, Dennis M. Bramble, David A. Raichlen and John J. Shea

D.E. Lieberman ( )
Departments of Anthropology and Organismic & Evolutionary 
Biology, Harvard University, 11 Divinity Avenue, Cambridge, 
MA 02138, USA
e-mail: danlieb@fas.harvard.edu

D.M. Bramble 
Department of Biology, University of Utah, Salt Lake City, 
UT 84112, USA
e-mail: Bramble@bioscience.utah.edu

D.A. Raichlen 
Department of Anthropology, University of Arizona, 
1009 E. South Campus Drive, Tucson, AZ 85721, USA
e-mail: raichlen@email.arizona.edu

J.J. Shea 
Department of Anthropology and Turkana Basin Institute, 
Stony Brook University, Stony Brook, NY 11794-4364, USA
e-mail: John.Shea@sunysb.edu



78 D.E. Lieberman et al.

capabilities even in comparison to larger cursors such as 
ponies and horses. The latter offer a useful, extreme example 
because they have been bred intensively via artifi cial selection 
for running. Horses can easily outrun humans with a maxi-
mum gallop speed of 8.9 m/s for a 10 km race, but their sus-
tainable galloping speed declines dramatically for runs longer 
than 10–15 min; in repeated runs over long distances, horses 
are constrained to about 5.8 m/s for approximately 20 km per 
day, above which they can sustain irreparable musculoskeletal 
damage (Minetti, 2003). By these standards, human ER capa-
bilities are quite impressive, and explain why humans can 
sometimes best horses in long distance races such as mara-
thons (e.g., http://www.man-v-horse.org.uk/).

Distance

Human ER capabilities are also comparable to the best qua-
drupedal cursors in terms of distance. Fit amateur humans can 
easily run 10 km or more a day, and are capable of far longer 
distances such as marathons and ultramarathons (although 
rarely on a daily basis!). Only a few other mammals, such as 
wolves, hunting dogs and hyenas, are known to habitually run 
long distances of 10–20 km a day (Pennycuick, 1979; 
Holekamp et al., 2000). These animals, notably, are all social 
carnivores in which natural selection has favored capabilities 
for running as a critical part of their hunting or scavenging 
strategy. Like humans, these cursorial specialists can also run 
distances greater than 10–20 km, but only when forced to do 
so by humans, and they are all restricted to a trotting gait, or, 
in the case of hyenas and wildebeest, a canter (a slow gallop 
just above the trot–gallop transition). Some dogs, for exam-
ple, can be forced to trot as much as 100 km in cool conditions 
(e.g., with fans blowing air on them, or in the artic winter), 
but these feats are unnatural and often cause severe physio-
logical distress (Dill et al., 1933; see below). Alaskan huskies 
are perhaps the extreme example of an animal specially bred 
for endurance: these dogs can run in packs up to 50 km in 
frigid conditions at a lope (a slow gallop), but for longer dis-
tances they must switch to a trot (Hinchcliff et al., 1998); in 
addition they cannot perform these feats in warm weather.

Environmental Context

While a few mammals can trot long distances, comparable to 
those that humans can run, they cannot run long distances 
while galloping in hot conditions without becoming hyper-
thermic. This major constraint derives from two aspects of 
mammalian biology. First, the thermogenic effects of exercise 

increase in proportion to the number and rate of cross-bridges 
that are activated during muscular contractions. In humans 
for example, running can generate as much as tenfold more 
heat than walking (Cheuvront and Haymes, 2001), and a 
sprinting cheetah generates so much heat that it must stop 
after approximately 1 km (Taylor and Rowntree, 1973). Second, 
the major mechanism by which most mammals cool 
themselves, panting, is problematic during galloping. Panting 
occurs via shallow breaths, about ten times the normal rate of 
respiration, in the dead space of the upper pharynx without 
any gas exchange occurring in the lungs (Schmidt-Nielson, 
1990). Panting mammals, however, cannot satisfy their respi-
ratory demands for oxygen during galloping, and the 1:1 cou-
pling of locomotion with respiration that occurs during 
galloping is biomechanically incompatible with panting 
(Bramble and Jenkins, 1993; Entin et al., 1999).

Humans, however, have evolved a number of specialized 
modifi cations for effectively dissipating copious quantities 
of heat while running in hot, arid conditions. For one, humans 
do not have to couple respiration with stride (Bramble and 
Carrier, 1983). In addition, humans are considerably derived 
in terms of the number of eccrine sweat glands and the loss 
of almost all fur. Sweating is an effective means of cooling 
(evapotranspiration of 1 ml H

2
O requires 580 cal of heat 

[Schmidt-Nielson, 1990]), but is ineffectual with fur, which 
traps air and moisture at the skin’s surface, thereby consider-
ably reducing convection (McArthur and Monteith, 1980). 
Therefore, other tropical cursorial mammals such as hyenas 
and hunting dogs that can run long distances are constrained 
to do so at night or during the dawn and dusk when the days 
are hot. Humans alone are capable of ER during midday 
heat. Human sweating, however, imposes high water 
demands, requiring as much as 1–2 l/h in well-conditioned 
athletes (Torii, 1995).

In short, humans are comparatively superb endurance 
athletes, particularly in hot, arid conditions that are condu-
cive to heat-loss from sweating. In fact, humans appear to 
occupy a rare extreme in the general trade-off between 
aerobic and anaerobic capabilities (Wilson and James, 
2004). Natural selection often favors speed over endurance 
because of the dynamics of predator–prey interactions: 
slower animals typically have lower fi tness. Animals built 
for speed and power are rarely good at endurance and vice 
versa, in part because of muscle fi ber composition. In most 
mammals, there is a predominance of Type IIb (fast- 
glycolytic) and Type IIa (fast oxidative) relative to Type I 
(slow oxidative) muscle fi bers. The former fast-twitch 
fi bers can produce several times more force but are anaero-
bic and fatigue quickly. Slow-twitch fi bers have higher 
aerobic capacity, but produce less force. Most human leg 
muscles have about 50% of each type (McArdle et al., 
1996), but can increase slow-twitch fi ber content to about 
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80% through aerobic endurance training. They can also 
increase fast-twitch fi ber content to between 70–80% 
through power training (Thayer et al., 2000). Such training 
effects for fast twitch fi bers are more common in humans 
with a novel form of the ACTN3 gene that  predisposes 
individuals to have a high fast twitch muscle fi ber content 
(Yang et al., 2003). In general, quadrupedal cursors have 
higher percentages of fast-twitch fi bers in hind limb 
 extensor muscles than humans, with cheetahs having the 
highest known- values (Armstrong et al., 1982; Acosta and 
Roy, 1987; Williams et al., 1997).

Human endurance capabilities raise two questions. First, 
when did they evolve? Second, why did they evolve? Accordingly, 
we fi rst review a few points about the evidence for ER capabili-
ties in the genus Homo and its relationship to walking. We then 
consider some alternative hypotheses about the sort of condi-
tions that might have led to selection for ER capabilities.

When Did ER Capabilities Evolve?

The derived ER capabilities of humans must have evolved 
sometime after the split of the human and chimpanzee lin-
eages. Other primates rarely engage in any kind of running. 
Even patas monkeys (Erythrocebus patas), which have several 
typical cursorial specializations such as long, digitigrade limbs, 
sprint rarely and then only for short distances (Isbell, 1998). 
Importantly, running is also rare among chimpanzees; it 
 comprises less than 1% of their locomotor repertoire (Hunt, 
1992). Moreover, when chimpanzees run during hunting or 
chasing, they typically sprint rapidly for about 100 m, fatigue 
quickly, and then pant heavily while resting to cool down 
(R. Wrangham, personal communication).

Given that ER capabilities are derived in hominins, 
there are three alternative possibilities about their evolu-
tionary origins. First, ER and walking capabilities might 
have coevolved with the origins of upright, habitual 
bipedalism. Second, ER capabilities might have evolved 
sometime around the morphological transition between 
Australopithecus and Homo. Third, ER capabilities may 
have evolved sometime more recently than earliest Homo, 
perhaps in H.  erectus, H. heidelbergensis or H. sapiens. As 
emphasized by Bramble and Lieberman (2004), testing 
these hypotheses is a challenge because many of the physi-
ological and anatomical features that improve ER perfor-
mance do not fossilize. In addition, many features, such as 
long legs, that improve running performance capabilities 
also improve walking  performance capabilities (e.g., 
Pontzer, 2005, 2007; Steudel-Numbers and Tilkens, 2004; 
Steudel-Numbers et al., 2007). However, several criteria may 
be useful for evaluating the extent to which morphological 

features evident in the fossil record may be adaptations for 
ER. The most useful of these derive from the biomechanical 
differences between running and walking.

Running Versus Walking

Running is biomechanically unlike walking in several cru-
cial ways that can help specifi cally diagnose ER capabilities. 
Most importantly, walking is modeled as an inverted pendu-
lar gait in which the body’s center of mass (COM) vaults 
over a relatively extended leg during stance. Potential energy 
is stored as the COM rises during the fi rst half of stance; this 
energy is then released as kinetic energy as the COM falls 
during the second half of stance. During walking, kinetic and 
potential energy are thus out of phase. In contrast, kinetic 
and potential energy are in-phase during running, which 
saves energy in a completely different way via mass-spring 
mechanics. In this system, the COM falls during the fi rst half 
of stance, storing elastic energy in collagen-rich tendons and 
ligaments in the leg; these structures then recoil during the 
second half of stance, as the COM rises, propelling the body 
into an aerial phase (see Alexander, 1991). Therefore, derived 
features in the human body relevant to mass-spring mechan-
ics are evidence for selection for improving running, not 
walking, capabilities.

Another aspect of biomechanics in which running differs 
critically from walking is stabilization, primarily of the head 
and trunk. Walking is an inherently more stable gait than 
running, especially in upright, relatively stiff-legged bipeds 
such as humans. During walking, the human trunk is held 
upright above the hips, and the COM is rather stable with 
fl uctuations of about 4–5 cm in the vertical and horizontal 
planes (Saunders et al., 1953). In contrast, running is some-
what like a controlled fall, in which the trunk and head are 
more fl exed than during walking, each by approximately 10° 
in a typical runner (Thorstensson et al., 1984). In addition, 
ground reaction forces (GRFs) are more than twice (often as 
much as four times) as high in ER than walking (Keller et al., 
1996). Since human bipeds have comparatively extended, 
stiff legs and upright axial columns compared to quadrupeds, 
the high GRFs generated at foot strike are transmitted as a 
rapid shock wave – the heel strike transient (HST) – up the 
legs, axial skeleton and into the head. GRFs in humans rise 
again more slowly after the HST, peaking at mid-stance 
when the COM reaches its nadir.

Maintaining stability is important to prevent a fall in all 
running animals, but is a special challenge for intrinsically 
unstable bipeds such as humans in which falls are more likely 
to cause serious injury. Running humans thus must stabilize 
the trunk and head in response to destabilizing forces at heel 
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strike as well as at midstance. Trunk stabilization, which is 
needed to keep the body from falling over, is primarily 
achieved by contractions of the gluteus maximus (Lieberman 
et al., 2006). Head stabilization is more complex but no 
less important, because of the need to stabilize gaze via 
the  vestibulo-ocular refl exes (VORs) which sense angular 
 accelerations of the head and adjust eye movements to stabi-
lize images on the retina. Because the head is not balanced, 
forces that are generated during running have the tendency to 
cause rapid pitching. These movements are problematic if 
they exceed 200°/s, the threshold above which the VORs 
decrease in performance, causing signifi cant losses of bal-
ance and visual acuity (Gauthier et al., 1984; Maas et al., 
1989; Cromwell et al., 2001). Other quadrupedal and bipedal 
cursors have somewhat horizontally oriented necks and can-
tilevered heads, which enable them to stabilize the head 
through fl exion and extension of the neck. Humans, how-
ever, must stabilize the head by other means, because our 
necks are vertical and emerge from near the center of the 
cranial base (see below).

Finally, running and walking differ in the intensity of the 
thermoregulatory and mechanical demands they impose. As 
noted above, GRFs, hence joint reaction forces (JRFs), are 
several times higher during running than walking. In addi-
tion, running generates as much as an order of magnitude 
more heat than walking. It follows that adaptations for ther-
moregulation are considerably more limiting for running 
than walking. Both walking and running in hot, midday, arid 
conditions would have benefi ted from derived human sweat-
ing capabilities (Wheeler, 1991), but it is reasonable to con-
clude that running would not be possible without them. In 

addition, the lack of adaptations such as sweating and hair 
loss in other African mammals, all of whom cannot run for 
long in hot conditions, lends extra support to the hypothesis 
that ER was a factor that led to their evolution and/or elabo-
ration in humans (eccrine glands are a derived feature of 
catarrhines, but are vastly more numerous in humans than 
other primates [Jablonski, 2006]).

Evidence for Skeletal Features That Improve 
ER Performance

Based on these criteria, several lines of fossil evidence sug-
gest that ER capabilities fi rst emerged in the genus Homo. 
These features are discussed at length in Bramble and 
Lieberman (2004), but a few that are illustrated in Fig. 8.1 
merit brief mention here. First, while there are some indica-
tions in the skeleton of morphological specializations related 
to the mass-spring mechanics of running, features related to 
stabilization are more prevalent. In terms of trunk stabiliza-
tion, the cranial portion of the gluteus maximus, which plays 
a critical role in running but not walking, has a considerably 
expanded origin in H. erectus relative to Australopithecus 
(Rose, 1984; Lieberman et al., 2006). The gluteus maximus 
also acts in concert with the erector spinae to stabilize the 
trunk, and the sacroiliac trough in which the latter originates 
may be considerably expanded in Homo compared to 
Australopithecus (see Lovejoy, 1988). Even more concrete 
evidence of derived mechanisms for stabilization relevant 
only to running is in the head. As shown by Spoor et al. 

Fig. 8.1 Illustration of basic 
body shape differences between 
A. afarensis (left) and H. erectus 
(right) highlighting features 
discussed in the text that are 
derived in H. erectus and which 
would improve endurance 
running performance. Features in 
parentheses are as yet unknown 
(in the foot) or hypothetical 
reconstructions (e.g., Achilles 
tendon length). Note that 
shoulder position (indicated with 
an *) in H. erectus is unresolved 
(Modifi ed from Bramble and 
Lieberman, 2004).



8 Brains Versus Brawn, and Endurance Running in Homo 81

(1994), the diameters of the anterior and posterior semicircu-
lar canals relative to body mass, which infl uence their sensi-
tivity to head pitching accelerations, are fi rst expanded in 
early Homo compared to Australopithecus and Pan. The ves-
tibular system is fully formed prior to birth (Jeffery and 
Spoor, 2004), and is not signifi cantly challenged during 
walking. It is diffi cult to think of any human activity other 
than running that would have selected for increased sensitiv-
ity to head pitching.

The anatomical relationships between the shoulder and 
the head comprise another set of derived features of Homo 
that are absent in Australopithecus and which have key roles 
in head stabilization during running. During walking, the 
head is stabilized in minor ways by inertia, the viscoelastic 
properties of the ligaments and muscles that connect the 
head to the axial skeleton, and by contractions of the head 
extensors (Hirasaki et al., 1999; Winter et al., 1990). During 
running, however, the heelstrike transient imparts such a 
rapid and substantial pitching impulse to the head that it 
needs to be stabilized almost instantly to avoid vestibular 
overload. Humans do so by a novel mechanism (a mass-
damping system), in which the long axis accelerations of the 
arm counter pitching accelerations of the head via an out-of-
phase elastic linkage (Bramble et al., 2009). A critical com-
ponent of this system is an almost complete decoupling of 
the head and shoulder so they can act as linked masses. In 
chimpanzees, the shoulder and head are tightly connected 
by a massive trapezius, the rhomboideus, and the atlanto-
clavicularis (Aiello and Dean, 1990). These connections 
have all been lost in humans with the exception of the 
cleidocranial portion of the trapezius (CCT). This muscular 
strap between the shoulder and midline occiput interdigi-
tates with another novel feature in humans, the nuchal liga-
ment (NL). This tendon-like structure originates on the 
midline of the occiput and connects with the upper trapezius 
as well as a deeper fascial septum that attaches to the cervi-
cal spines (Mercer and Bogduk, 2003). A NL is present in 
other cursors such as canids, equids and bovids, as well as in 
a few species with massive heads (Dimery et al., 1985; 
Bianchi, 1989). In running, but not walking, the CCT fi res 
before HS on the stance side arm, linking the mass of this 
arm with the head in the midsagittal plane via the NL. 
Critically, evidence for this linkage is fi rst present in the fos-
sil record of early Homo (all H. erectus skulls as well as 
KNM-ER 1813) because the NL leaves a trace on the skull 
in the form of a sharp, everted, median nuchal line that that 
is not present in Australopithecus or Pan. While apes and 
australopiths sometimes have a rounded ridge in the midline 
of the occipital, this ridge lacks the everted contour indica-
tive of a NL.

Other derived changes in Homo relevant to stabilization 
during running but not walking may be evident in the shape 
of the waist, thorax and neck. Leg swing during the aerial 

phase of running causes substantial angular momentum, 
which, unchecked, would cause the body to rotate around a 
vertical axis before heel strike. Humans counteract this 
momentum not only by swinging the arms in opposition to 
the legs, but also by rotating the thorax independently of the 
hips and head (Hinrichs, 1990). Such rotations, which are 
neither important nor particularly marked during walking, 
are made possible by two zones of separation: a relatively 
narrow, tall waist; and a relatively tall neck with low, wide 
shoulders. Although the waist in Australopithecus was prob-
ably as tall as in Homo, it was relatively wider as judged by 
the greater bi-iliac breadth of the australopithecine pelvis 
(Lovejoy, 1988; Schmid, 1983). A narrow waist in Homo 
may refl ect smaller guts (Aiello and Wheeler, 1995), but it 
would also have improved running performance by reducing 
resistance between the pelvis and ribcage, and decreasing 
inertial moments for thorax rotation.

The second rotational zone of separation, between the 
upper thorax and neck, is harder to assess in early Homo. 
Whether the thorax of Australopithecus was funnel-shaped, as 
in apes, or barrel-shaped, as in humans, is debated (Schmid, 
1991; Ward, 2002), but most evidence suggests that a 
 barrel-shaped upper thorax is fi rst present in the KNM-WT 
15000 skeleton (Jellema et al., 1993). The primitive condi-
tion of a narrow upper thorax in combination with more mus-
cular connections between the shoulder and head would have 
no effect on walking performance capabilities. They are use-
ful for helping generate torque in the shoulder for orthograde 
climbing (Larson, 1993), but would decrease the ability to 
stabilize the head during running. It is interesting to specu-
late that selection for running capabilities may have come at 
the expense of adaptations for climbing, explaining why 
Homo is the fi rst non-arboreal primate. However, Larson 
et al. (2007; see also Larson, 2009) have suggested that the 
KNM-WT 15000 shoulder was somewhat narrow with a 
relatively short clavicle and a glenoid fossa that faced anteri-
orly in order to accommodate a low degree of humeral tor-
sion. A humerus from Dmanisi (D2700) also has a low degree 
of humeral torsion (Lordkipanidze et al., 2007). It is hard to 
interpret these data in part because both KNM-WT 15000 
and D2700 are juveniles. The clavicle (which grows 
intramembranously) is the last bone in the human body to 
attain adult size, and both skeletons have clavicles that fall in 
the range of humans at equivalent ontogenetic stages (Scheuer 
and Black, 2000). Without better reconstructions of the upper 
thorax itself, it is diffi cult to assess the relative breadth and 
position of the shoulders in these specimens, one of which 
(KNM-WT 15000) has evidence for axial pathologies that 
may have affected upper thoracic anatomy. Regardless, low 
humeral torsion in H. erectus would have compromised its 
ability to throw effectively (Larson et al., 2007; Larson, 
2009), raising questions about how the species was able to 
hunt (see below).
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As noted above, it is much harder to document elastic 
structures in the skeleton relevant to the mass-spring form of 
energy exchange used in running but not walking. The most 
important anatomical components of the system are exten-
sive tendons, especially the Achilles, which are substantially 
longer in humans relative to chimpanzees or gorillas. The 
size of the Achilles tendon insertion in the Hadar calcanei 
(Susman et al., 1984) suggests that they had an ape-like con-
fi guration, but such inferences must remain speculative with-
out evidence of some relationship between tendon length and 
tendon insertion morphology. A more promising anatomical 
region for evidence of mass-spring anatomy that requires 
further study is the foot, especially the plantar arch. Some 
form of arch is useful in bipedal walking in order to act as a 
windlass to stiffen the foot for effective toe-off (Kappel-
Bargas et al., 1998), but in running the arch functions quite 
differently as a spring, storing and releasing approximately 
17% of the energy generated during each impact of the foot 
with the ground (Ker et al., 1987). Although australopith-
ecines clearly had some form of plantar arch, there are sev-
eral indications that the arch had a different confi guration in 
Homo. In particular, the navicular in apes and australopith-
ecines has a relatively expanded medial tuberosity, suggest-
ing that it was a weight-bearing element (Harcourt-Smith, 
2002). In addition, the fi rst hominin fossil with a close-
packed calcaneo-cuboid joint (as evident by an expanded 
medial fl ange on the proximal cuboid) is OH 8, a specimen 
attributed to early Homo (Lewis, 1989; Susman, 2008). 
Together, these novel features – along with an unequivocally 
adducted big toe and a relatively shorter forefoot (see Susman 
et al., 1984; Aiello and Dean, 1990) – hint that elastic storage 
mechanisms in the foot necessary for running may be derived 
features of the genus Homo.

Finally, it is important to note that there are more than a 
dozen other derived skeletal features of the genus Homo, 
particularly in H. erectus, which improve performance for 
both walking and running (summarized in Bramble and 
Lieberman, 2004). Given that hominins were habitual bipeds 
for at least 4 million years before the origin of H. erectus 
with little evidence for any major change in postcranial anat-
omy (reviewed in Ward, 2002), it is diffi cult to imagine that 
selection for walking alone was responsible for the derived 
features of Homo. The most likely scenario is that H. erectus 
was the fi rst hominin with a substantially expanded diurnal 
day range made possible by both walking and running. 
Indeed, both gaits are important ways to travel long dis-
tances, and one can expect that hominins would have walked 
rather than run whenever possible (see below). Thus, the 
extent to which selection acted on running versus walking is 
impossible to assess, as both would have been important. 
That said, it is worthwhile noting that the considerably more 
extreme thermoregulatory and mechanical demands of run-
ning might have imposed a greater selective benefi t on 

 performance capabilities in running than walking. In  addition, 
many ancestral features of australopithecines that improve 
climbing performance, such as long forearms and heavily 
muscled shoulders, do not confl ict with the biomechanical 
demands of walking, but may impede the ability to stabilize 
the head. Selection for running capabilities may thus have 
selected against arboreal capabilities in Homo.

Put together, there is much evidence that H. erectus but 
not Australopithecus was capable of ER. However, this infer-
ence does not imply that H. erectus was necessarily as good 
as modern humans or even later archaic Homo at ER. Some 
modern human features that improve ER performance may 
have evolved since early H. erectus. In addition, there are 
some hints that H. habilis may have possessed some ER 
capabilities, but the evidence is sparse and equivocal (see 
Bramble and Lieberman, 2004). While it is possible that ER 
capabilities had evolved by the time of H. habilis, it is pre-
mature to be defi nitive, and there are theoretical reasons to 
hypothesize that such capabilities, if they existed, were not 
as developed as in H. erectus. Natural selection tends to take 
advantage of existing variations in the context of some fi t-
ness benefi t. Thus, it is unlikely that selection would have 
favored the evolution of ER-related features if hominins had 
not already been engaged to some extent in a form of ER. 
One potential scenario is that early Homo during the Oldowan 
started to scavenge and/or hunt to a limited extent. At some 
point, hominins that were better at ER for various reasons 
(longer legs, larger anterior and posterior semicircular canals, 
and so on) had a slight fi tness benefi t, leading to the evolu-
tionary changes that we observe in H. erectus.

Why Did Endurance Running Capabilities 
Evolve?

Given the above evidence that ER capabilities are derived in 
the genus Homo, and that they were probably present to some 
extent in H. erectus, the fi nal question to address is why these 
capabilities evolved in the fi rst place. Answering this ques-
tion, however, is a challenge because it is obvious that 
humans today – including contemporary hunter–gatherers – 
no longer need to practice ER (although it remains a poten-
tially useful component of some hunter–gatherer subsistence 
strategies). Thus, answers need to be sought primarily in past 
rather than present behaviors. Nevertheless, ethnographic 
studies of recent humans provide several lines of evidence 
which suggest that ER would have signifi cantly improved 
performance in scavenging and/or hunting activities prior to 
the invention of sophisticated projectile technology such as 
the bow and arrow. In order to explore these hypotheses, we 
fi rst outline several alternative ways in which ER may have 
been useful for scavenging versus hunting during the Early 
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Stone Age, and we evaluate the recent ethnographic and 
paleoenvironmental evidence relevant to both forms of meat 
procurement.

Endurance Running and Scavenging

The debate about scavenging in human evolution is long and 
contentious, largely because it is diffi cult to prove that the 
animal bones found in early archaeological sites were pro-
cured by scavenging or hunting (for reviews, see Bunn, 2001; 
Dominguez-Rodrigo, 2002). Another point of contention has 
been the challenge of evaluating how reliably or effectively 
early Homo would have been able to scavenge in various 
habitats. Regardless of the extent to which scavenging 
occurred, the most likely source of scavenged carcasses 
would have been lion kills, because lions, unlike hyenas, do 
not consume all their prey, but instead leave behind marrow, 
brains and sometimes fl esh (Blumenschine, 1987, 1988). 
Leopard and sabertooth tiger kills might have been additional 
possible sources of edible animal tissue (Cavallo and 
Blumenschine, 1989; Marean, 1989), but it is unclear how 
common such carcasses would have been, and how much 
of the carcass sabertooths would have consumed (Van 
Valkenburgh, 2001). In any event, early Homo might have 
used two general strategies to scavenge from lion kills. One 
possibility is that hominins scavenged opportunistically 
when they happened to come across carcasses in the course 
of their daily foraging activities. Alternatively, or addition-
ally, hominins might have sought out scavenging opportuni-
ties strategically by searching for carcasses through long 
range cues, the most common of which is seeing vultures 
circling in the air from a distance.

Apart from whether hominins were scavenging opportu-
nistically or strategically, to do so effectively they would 
have faced two considerable challenges, both of which are 
relevant to ER. First, carcasses are comparatively rare and 
ephemeral resources, largely because of hyenas, which are 
impressively effi cient at fi nding kills. According to Cooper 
(1991), hyenas in Kruger Park typically arrive at lion kill 
sites within 30 min of a kill, even at night. Given that a large 
percentage of kills occur at night, it is probable that only a 
fraction of kills, notably those made during the day, were 
available for scavenging by diurnal hominins. In addition, it 
is often argued that hominins in environments such as the 
Serengeti would have been most effective at scavenging in 
riparian habitats where the density of hyenas is lower and 
scavengeable carcasses survive for longer (Blumenschine, 
1986, 1987). In wetter, less seasonally arid environments 
(e.g., the Parc National des Virunga), carcasses might have 
been more available in more open habitats, but they still 
would have been rare and rapidly consumed (Tappen, 2001).

The second serious challenge that hominins would have 
faced while scavenging is competition. To become scaven-
gers (or hunters), they would have entered the carnivore 
guild, which means competing with other carnivores. In fact, 
most interspecifi c interactions between carnivores occur in 
the context of competition for a kill (Van Valkenburgh, 2001). 
Carnivores compete through a combination of strength, 
speed, stealth, and cooperation, and the risk of mortality 
associated with these interactions is quite high. Human hunt-
ers are no exception to this competition: a high percentage of 
scavenging opportunities observed among modern hunter–
gatherers are classifi ed as “competition” or “power” scav-
enging in which groups of foragers drive off lions or hyenas 
from a kill using weapons (O’Connell et al., 1988; Potts, 
1988; Bunn and Ezzo, 1993). According to O’Connell and 
colleagues (1988), 85% of the total carcass weight that the 
Hadza scavenged was acquired by driving off or killing the 
initial predator (mostly lions). Since it is probable that early 
Homo, like modern humans, was neither strong nor power-
ful, but also lacked the sophisticated weapons available to 
modern foragers, it is debatable to what extent they would 
have been able engage in competition scavenging. It may 
strain credulity to imagine hominins successfully driving off 
a pack of lions or hyenas armed only with stones and sharp-
ened sticks, but Hadza foragers seem to be able to do just that 
with relatively simple weapons. It must be remembered, 
however, that the Hadza’s armature includes projectile weap-
ons, and the carnivores in question have undergone thou-
sands (perhaps millions) of years of natural selection for 
avoiding encounters with groups of well-armed humans.

The combination of ephemerality and competition has led 
many researchers to suggest that scavenged meat was not a 
commonly available resource for early hominins (e.g., Bunn, 
2001; Tappen, 2001; Dominguez-Rodrigo, 2002). However, 
it is possible that ER provided an additional means to improve 
access to this potentially very valuable resource. In particu-
lar, hominins during the day in open habitats would be able 
to identify scavenging opportunities by seeing vultures in the 
distance, often many kilometers away. If they just walked to 
the kill site, it is likely that little meat would be left to scav-
enge, and/or there would be considerable competition with 
hyenas. But, as demonstrated above, early Homo might have 
been able to run the few kilometers necessary to get to the 
kill before other scavengers. Since hyenas face the same 
thermoregulatory constraints as other non-human mammals 
for running long distances in extreme heat (they run primar-
ily at night and during the dawn or dusk), hominins would 
have had a competitive advantage over hyenas for getting to 
diurnally available carcasses, particularly in the dry season. 
Whether and to what extent hominins did this is debatable, 
but modern ethnographic evidence provides some support 
for this potential strategy. As reported by O’Connell et al. 
(1988: 357), when Hadza believe they have a scavenging 



84 D.E. Lieberman et al.

opportunity, they “abandon other activities and move quickly 
to the spot, often at a run [emphasis added].” In another 
example, a !Kung bushwoman, Nisa (Shostak, 1981: 93), 
recounts an instance in which she used ER to secure quickly 
an opportunistically discovered carcass before it is lost to 
other scavengers:

I remember another time, when I was the fi rst to notice a dead 
wildebeest, one recently killed by lions, lying in the bush. 
Mother and I had gone gathering and were walking along, she in 
one direction and I a short distance away. That’s when I saw the 
wildebeest… She stayed with the animal while I ran back, but 
we had gone deep into the mongongo groves and soon I got 
tired. I stopped to rest. Then I got up and started to run again, 
following along on our tracks, ran and rested and then ran until 
I fi nally got back to the village. It was hot and everyone was rest-
ing in the shade… My father and my older brother and everyone 
in the village followed me [back to the wildebeest]. When we 
arrived, they skinned the animal, cut the meat into strips, and 
carried it on branches back to the village.

In short, ER might have opened a new niche for scavenging 
that was previously unavailable.

Endurance Running and Hunting

Another key, perhaps even more important role for ER in 
H. erectus and possibly earlier Homo may have been during 
hunting. As noted above, a wide array of evidence suggests 
that hominins were actively hunting, at least by the time that 
H. erectus appears circa 1.9 Ma (for reviews see Potts, 1988; 
Bunn, 2001; Dominguez-Rodrigo, 2002). The evidence for 
hunting includes a large proportion of bones with cut-marks 
indicative of fl esh removal from regions of shafts that would 
not have had fl esh had they been scavenged. In addition, 
many of these bones are from medium- to large-sized mam-
mals. One question that arises from these fi ndings is how 
early humans managed to kill their prey? Humans not only 
lack the natural weaponry of cursorial predators such as 
claws and fangs, but also cannot run fast enough to capture 
most prey by sprinting. The fastest human sprinters can run 
approximately 10 m/s for about 20–30s; in contrast, most 
African mammals that were apparently hunted by Homo can 
run approximately twice as fast for several minutes (Garland, 
1983). Thus, most scenarios of early human hunting posit, 
not unreasonably, that humans managed to hunt only with 
the aid of various forms of technology.

The reliance of human hunters on technology poses an 
interesting quandary relevant to ER, because the extremely 
limited, simple technology of the Early Stone Age (ESA) 
has led some researchers to doubt that early Homo was 
capable of hunting (e.g., Binford, 1984; Brain, 1981). Stone 
tools, namely Acheulian handaxes and spheroids are 
viewed by some researchers as possible hunting weapons 
(O’Brien, 1981; Clark, 1955), but the evidence that they were 

 specifi cally designed for such tasks is weak or equivocal 
(Shea, 2006b). Handaxes perform poorly as thrown projec-
tiles (Whittaker and McCall, 2001), and it is a myth that 
spheroids (putative bola stones) are found at ESA sites in 
groups of two or three (cf., Cole, 1963: 148). More plausible 
ESA weapons might have included sharpened wooden 
spears, such as those recovered from Middle Pleistocene 
contexts (ca. 400 ka BP) at Schöningen, Germany, although 
it is unlikely that early Homo spears would have been as 
sophisticated as the Schöningen example (Theime, 1997). 
Importantly, even if we assume that ESA hunters made 
spears, there is no evidence that they made stone-tipped or 
bone-tipped spears, which are capable of infl icting serious 
damage from a distance. The most effective Paleolithic tech-
nologies for hunting, the bow and arrow and the spear thrower 
(atlatl), were not invented until quite recently, probably after 
the origin of modern H. sapiens (Shea, 2006a). In this crucial 
respect, modern hunter–gatherers such as the Hadza and the 
Bushmen, who have bows and arrows as well as other weap-
ons such as poison and tipped spears, are not particularly 
useful analogues for how early Homo would have hunted 
(see Lieberman et al., 2007). Moreover, as noted above, 
Larson (Larson et al., 2007; Larson, 2009) has suggested that 
H. erectus lacked a modern shoulder confi guration, which 
would have compromised the species’ ability to throw 
projectiles effectively.

In spite of the defi ciencies of the ethnographic record, 
studies of recent hunters suggest that the lack of any sophis-
ticated projectile technology during the ESA would have 
presented early hominin hunters with several significant 
challenges, especially prey encounter, and risk of injury. 
According to analyses by Binford (1984) and Churchill 
(1993), hunters typically employ fi ve general strategies to 
kill prey: (1) disadvantaging, in which prey are fi rst immobi-
lized by mechanisms such as traps, mud, water, and hunting 
dogs, and then killed; (2) ambushing, in which hunters hide 
(often behind a blind) until prey come close enough to kill; 
(3) approach, in which hunters stalk free moving animals 
until they are within weapon range; (4) encounter, in which 
hunters kill prey that happen to be within range as they 
encounter them by chance; and (5) pursuit, in which hunters 
chase an animal until it is within range or collapses from 
exhaustion. In a review of ethnographic and ethnohistoric 
literature from 96 recent human groups, Churchill (1993) has 
shown that the bow and arrow and atlatl are by far the most 
common weapons used to hunt for most of these strategies, 
and the Hadza and Bushmen are no exception. Spears, which 
might have been available (albeit in crude form) to ESA 
hunters, are rarely used in ambush, approach or encounter 
hunting, but instead are used primarily to dispatch disadvan-
taged prey that have been immobilized or incapacitated. In 
addition, modern hunters not only use stone- or bone-tipped 
spears that ESA hunters did not have, but also usually use 
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them after they have disadvantaged their prey using dogs or 
other recent technologies (e.g., boats, snares, nets) that were 
probably also unavailable to ESA hunters.

There are two reasons that hunters use spears primarily to 
kill only disadvantaged prey. First, the killing range of spears 
is very limited. Experiments with replicas of the Schöningen 
spears by trained athletes suggest they may be effective out 
to 15 m (Rieder, 2003), but the controlled conditions of an 
athletic fi eld do not precisely replicate the conditions of 
hunting large dangerous mammals at close quarters and/or in 
dense vegetation or on uneven terrain. The mean distance 
from which ethnographic throwing spears are cast at their 
targets is only 7.8 ± 2.2 m (n = 14) (Churchill, 1993). 
Moreover, it is important to note that the ability of ESA hunt-
ers to kill with spears would have been considerably less 
than observed in modern hunters because ESA spears, if they 
existed, lacked stone or bone points. These points greatly 
increase the effectiveness of the spear because they are much 
sharper than a wooden tip, enabling the spear to penetrate 
hair and hide. In addition, the major way by which spears 
disable or kill prey is from causing hemorrhaging of an ani-
mal’s internal organs, or by laming the animal. Thus, thrown 
wooden spears have a much lower, possibly negligible prob-
ability of mortally wounding or disabling an animal. The 
 differential lethality of wooden vs. stone- or bone-tipped 
weapons is intuitively obvious, but imprecisely quantifi able. 
Some measure of support for this hypothesis can be seen in 
the strong association in ethnographic contexts between the 
use of stone projectile points and the hunting of large danger-
ous mammals and warfare. In a nutshell, people use stone 
and bone-tipped armatures to improve penetration and to 
minimize the chances that their target can either recover or 
retaliate. The main cost of this strategy lies with the consid-
erable time and effort needed to haft stone or bone armatures 
(or their modern metal counterparts) to wooden shafts. Such 
weapons are frequently among the most complex subsistence 
aids used by recent hunter–gatherers (Oswalt, 1976). Simple 
wooden spears, on the other hand, can be made quickly, 
repaired easily, and unlike bone- or stone-tipped weapons, 
they retain considerable functional versatility. Moreover, 
given their short effective range, hunters using such simple 
spears are unlikely to miss their targets. In contrast, the effec-
tive ranges of the atlatl and the bow and arrow are approxi-
mately 40 and 26 m, respectively (Churchill, 1993). Moreover, 
these weapons have a much greater chance of causing inter-
nal bleeding and death, and are thus much more effective. 
The countervailing cost of such projectile weapons are that, 
as noted, they require considerable time and energy to build 
and maintain, and using them requires the learning and prac-
tice of specialized skills (Blurton-Jones and Marlowe, 2002). 
The bow and arrow and atlatl have completely changed 
human hunting practices since their invention in the Late 
Pleistocene (Cattelain, 1997; Shea, 2006a).

The other reason of relevance that hunters use spears 
mostly to kill disadvantaged large prey is to minimize risk to 
themselves. It is possible to kill small animals, such as 
gazelles or duikers, at close range by stabbing or clubbing 
them, but getting within a few meters of any medium- to 
large-sized animal is clearly very risky. Understandably, we 
have no data on injury rates for humans who try to kill such 
animals at close quarters with ESA technology because ratio-
nal humans apparently will not attempt such feats on large, 
non-disadvantaged animals. But it is reasonable to assume 
that such behaviors would be extremely hazardous. It is 
doubtful that any reader of this paper would be willing to try 
to sneak up on a wildebeest or kudu and kill it with a sharp-
ened wooden stick: one well-aimed kick or impact with the 
animal’s horns could cause serious, potentially fatal injury! 
American rodeo athletes, who regularly interact at close 
quarters with large, dangerous mammals, frequently incur 
injuries, such as broken legs, that would have killed or dis-
abled a Pleistocene hominin (Berger and Trinkaus, 1995). It 
follows that ESA hunters would have faced signifi cant and 
considerable challenges in their efforts to kill prey using 
untipped spears without some reliable method of disadvan-
taging their prey. Put differently, evidence that ESA hunters 
appear to have been able to hunt medium- to large-sized 
mammals such as wildebeest, zebra, waterbuck and various 
other antelopes (e.g., Bunn and Kroll, 1986; Potts, 1988), 
strongly suggests that they were somehow able to get close 
enough to their prey to kill them with crude, non-projectile 
weapons without serious risk of injury. Given the absence of 
dogs, nets, and other technologies typically employed by 
recent hunter–gatherers to disadvantage large animals, the 
most likely method by which this occurred was persistence 
hunting (PH), a form of pursuit hunting in which humans use 
ER during the midday heat to drive animals into hyperthermia 
and exhaustion so they can be easily killed. Although ethno-
graphic evidence indicates that PH is practiced relatively 
rarely by recent hunter–gatherers, PH is not only a low-risk 
method by which ESA hunters could become effective pred-
ators, but is also surprisingly low in terms of energetic cost.

PH has been observed among a variety of recent human 
groups, all in tropical, arid habitats. Among others, PH has 
been documented for the Kalahari Bushmen (Schapera, 1930; 
Marshall, 1958; Washburn, 1960; Liebenberg, 1990, 2006), 
the Tarahumara of Northern Mexico (Bennett and Zingg, 1935; 
Balke and Snow, 1965; Groom, 1971; Pennington, 1963), the 
Navajo and Paiutes of the American Southwest (Nabokov, 
1981), and Australian aborigines (McCarthy, 1957). In all 
these cases, PH has three basic characteristics that make it an 
effective, albeit time- consuming and intensive method of 
hunting for a poorly-armed human. First, PH primarily 
occurs during the day when it is hot - often during the hottest 
time of the year and the day. In the Kalahari, for example, 
most persistence hunts occur in temperatures of 39–42°C 
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(Liebenberg, 2006). Second, once hunters spot a target prey 
animal, they chase the animal at a run, preferably between 
the prey’s preferred trot and gallop speeds. This speed is sig-
nifi cant because, as noted above, most mammals cannot gal-
lop long distances, but instead quickly become hyperthermic 
because of their inability to thermoregulate fast enough via 
panting. In addition, and in contrast to humans (and kanga-
roos), most prey have a U-shaped cost of transport (COT, the 
energy per unit body weight to go a given distance) and thus 
prefer to trot and gallop only at those speeds that minimize 
cost (Hoyt and Taylor, 1981). Running at an intermediate 
speed therefore elevates the animal’s cost, hastening its rate 
of fatigue. When chased at such speeds, prey typically gallop 
away from the hunter, and try to cool down and rest while the 
human catches up (Carrier, 1984; Liebenberg, 1990; Heinrich, 
2002). Since the animal usually cannot lose heat fast enough 
during this interval, core body temperature in the prey rises 
until the animal suffers from heat stroke and exhaustion. 
Even a kangaroo, which is capable of sweating and has a 
speed-independent COT, reaches lethal core body tempera-
tures after 1 to 2 h of running (Dawson et al., 1974).

The third key characteristic of PH is the need to track the 
animal. As noted by Liebenberg (1990, 2006), tracking is a 
considerable skill that requires the hunter to be able to distin-
guish tracks in the ground, but also to think like the animal. 
Tracking is often done while walking, but the faster the 
hunter can track his/her prey, the quicker the prey becomes 
hyperthermic. When the cognitive capacity necessary for 
tracking fi rst evolved is impossible to document, but it seems 
reasonable to hypothesize that tracking abilities were present 
in H. erectus given its relatively larger brain not to mention 
its ability to make symmetrical tools that required some 
mental template (Wynn, 2002). Tracking is also a skill that 
has to be taught and learned in the fi eld and on the go. In the 
context of an ER-based hunting strategy, juveniles and/or 
adolescents would have to have been able to keep up with 
adults while learning tracking skills.

Viewed from the perspective of ESA hunting technolo-
gies and hominin ER capabilities, PH via ER has several key 
advantages. First, this method of hunting is low risk, and 
comparatively easy for any human capable of ER and who 
has the ability to track animals. Second, PH has a relatively 
high success rate. Approximately 50% of the persistence 
hunts documented by Liebenberg in the Kalahari were suc-
cessful, leading to an approximately 70% higher yield of 
meat per day than hunting using a bow and arrow (Liebenberg, 
2006). Third, PH has a surprisingly low metabolic cost. 
Although PH has frequently been discounted as an unlikely 
strategy for hunting because the metabolic cost of human 
running is about 50% higher than an average quadrupedal 
mammal’s after adjusting for body mass, closer inspection of 
the evidence reveals that the actual cost of ER is not that 
high, particularly compared to the potential pay-off. The 

COT of ER in humans is approximately 0.21 l O
2
/kg/km 

(Margaria et al., 1963; Cavagna and Kaneko, 1977), about 
30–40% higher than the minimal cost of O

2
 (0.16 l O

2
/kg/km) 

consumed during walking. In addition, while the COT for 
walking is U-shaped, with an optimal speed (about 1.3 m/s or 
5 km/h), the COT for running is independent of speed in 
humans. In other words, a running human consumes the 
same amount of energy per unit distance running at a slow 
jog (3 m/s) or a competitive pace (6 m/s). Assuming an aver-
age conversion rate of 4.8 kcal/l O

2
, then running 15 km at 

any ER speed costs approximately 980 Kcal, whereas walk-
ing the same distance at an optimal speed costs 750 Kcal. Put 
in everyday terms, running 15 km to kill a large antelope 
requires fewer calories than the 1,040 Kcal consumed from a 
Big Mac® and a medium-sized french fries at McDonald’s 
(http://www.mcdonalds.com/app_controller.nutrition.
index1.html)! Since a large antelope weighs more than 
200 kg and contains several orders of magnitude more calo-
ries than McDonald’s can manage to pack into one of its 
meals, one can easily appreciate that the pay-off is clearly 
worthwhile, even if the chances of success are only 50%.

A fi nal, possibly important advantage of PH is that it does 
not require any sophisticated technology other than the sim-
plest weaponry such as a spear or club. Hunting is generally 
a male activity in recent hunter–gatherer societies, but older 
children and women (the latter unaccompanied by children 
or infants) who were good at ER would also have been effec-
tive persistence hunters with little risk. Again, Nisa provides an 
excellent example of this point (Shostak, 1981: 101–102):

Another day, when I was already fairly big, I went with some of 
my friends and with my younger brother away from the village 
and into the bush. While we were walking, I saw the tracks of a 
baby kudu in the sand. I called out “Hey, Everyone! Come here! 
Come look at these kudu tracks.” The others came over and we 
all looked at them.

We started to follow the tracks and walked and walked and after 
a while, we saw a little kudu lying quietly in the grass, dead 
asleep. I jumped up and tried to grab it. It cried out “Ehnnn…
ehnnn…” I hadn’t really caught it well and it freed itself and ran 
away. We all ran, chasing after it, and we ran and ran. But I ran 
so fast that they all dropped behind and I was alone, chasing it, 
running as fast as I could. Finally, I was able to grab it, I jumped 
on it and killed it… I gave the animal to my cousin and he car-
ried it. On the way back, one of the other girls spotted a small 
steenbok and she and her older brother ran after it. They chased 
it and fi nally her brother killed it. That day we brought a lot of 
meat back to the village and everyone had plenty to eat.

Despite the many advantages of PH, it also has some disad-
vantages that probably account for its comparative rarity 
among modern hunter–gatherers with dogs, bows and arrows 
and other such recently invented (or domesticated) technolo-
gies. First, PH is clearly more demanding metabolically and 
physically than other methods of hunting. It is diffi cult to 
imagine why any recent human since the invention of the 
bow and arrow would regularly engage in PH if other, less 
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grueling forms of obtaining meat were available. PH is also 
not an option for old or infi rm individuals. That said, peak 
ER performance, as judged by marathon times, is achieved 
by humans in their 30s; individuals in their 40s typically run 
long distances such as marathons within 10–20% of their 
peak performance time (Noakes, 2003). Another cost of PH 
is that humans require considerable quantities of water in 
order to thermoregulate adequately during these feats. 
According to Liebenberg (2006), Kalahari Bushmen always 
precede a persistence hunt by drinking as much water as they 
possibly can; carrying water in a gourd or some other form of 
bottle also improves a hunter’s chances. Finally, long dis-
tance ER requires dietary sources of salt, which is lost at 
high rates in sweating, as well as high concentrations of gly-
cogen and triglycerides that can be stored in both the muscle 
and liver and hydrolyzed into free fatty acids (for review, 
see Coyle, 2000). Although “carbohydrate-loading” increases 
these stores, the capability to store glycogen and free fatty 
acids is highly labile in response to training and does not 
require diets that are abnormally high in simple carbohy-
drates (Tsintzas and Williams, 1998).

Another requirement, although not a disadvantage, of PH 
is that, like other forms of hunting, it requires a cooperative 
social system in which individuals share food. When an 
unsuccessful hunter returns to camp, he or she still needs to 
consume enough calories to pay not only for normal meta-
bolic costs but also for the additional costs of running (at most 
50% more than walking). This can only be accomplished by 
social networks based on food-sharing, and division of labor 
(Isaac, 1978).

Habitats and Endurance Running

A fi nal consideration relevant to the evolution of ER is habi-
tat. ER, whether for scavenging or for persistence hunting, is 
obviously an activity suited primarily to relatively open habi-
tats, especially short grass savannas such as the Serengeti 
ecosystem, as well as more open, arid habitats such as the 
semi-desert Kalahari or the scrubland of the Turkana Basin. 
ER is also possible in lacustrine and open woodland zones 
that lack dense ground vegetation, but is not practicable in 
tall grass savannas, dense woodland, forest, or marshes and 
swamps. Although open habitats are a prerequisite for ER, 
we do not suggest that hominins capable of ER lived exclu-
sively in such zones. Like humans today, early Homo almost 
certainly exploited a wide range of environments. In addi-
tion, PH and/or scavenging were probably seasonal behav-
iors. Thus, our hypothesis is that open habitats in combination 
with ER capabilities may have provided an important new 
niche for diurnal scavenging and/or hunting that was one 
component of their food procurement strategy.

When the open, semi-arid grassland habitats that are now 
so common in East Africa originated has been the subject of 
much debate. One theory is that open savannas emerged rap-
idly during the Pliocene, sometime between 2.8 and 2.5 Ma, 
as demonstrated by the evolution and prevalence of grazing 
bovid species such as alcelaphines (e.g., wildebeest, harte-
beest and topi) and antelopes (e.g., gazelle) (Vrba, 1995). 
However, it seems more probable that the process of 
 aridifi cation that occurred prior to the Pleistocene was com-
plex, highly variable, and not as radical as originally sug-
gested (Behrensmeyer et al., 1997; Bobe et al., 2002). Xeric 
habitats were present prior to 1.8 Ma, for example at Laetoli, 
which was a dry savanna circa 3.2 Ma (Hay, 1987), but such 
habitats were probably not widespread until about 1.8 Ma 
(for review, see Potts, 1988). Thus, regardless of whether 
earliest Homo had evolved ER capabilities (see above), the 
degree to which habitats conducive to ER were prevalent 
prior to 1.8 Ma, just after H. erectus fi rst appears in the fossil 
record, is unresolved.

Several lines of evidence suggest that H. erectus was 
probably the fi rst hominin species regularly able to exploit 
open, hot and arid savanna environments conducive to ER. 
One source of evidence is the body of form of H. erectus 
itself, whose long limbs and narrow thorax is ideally suited 
to thermoregulating in the midday sun (Ruff, 1991). More 
importantly, paleontological and geological evidence from a 
variety of sites, including the Turkana Basin and Olduvai 
Gorge, indicate that grasslands were present in the environ-
ments in which H. erectus lived. In the Turkana Basin, for 
example, a major environmental change occurred around 
1.9 Ma when a lake formed in the central portion of the basin 
in place of the meandering Omo River, and there was a coin-
cident expansion of open habitats (Feibel et al., 1991; Rogers 
et al., 1994). At this time, oxygen isotopes from soil samples 
record a major increase in the percentage of C4 grasses, and 
faunal assemblages indicate an increased percentage of open 
habitat grazers (Feibel et al., 1991; Cerling, 1992). By 
1.7 Ma, the lake in the Turkana basin had gone, but the region 
continued to host a diverse range of environments, in which 
the marginal zones of the basin had “open woodland along 
ephemeral drainages, giving place laterally to scrub, thicket 
and dry grassland” (Feibel et al., 1991: 334). These latter 
habitats would probably have been ideal for PH during dry 
seasons, and have been present ever since, including around 
1.5 Ma when the Nariokotome boy lived (Feibel and Brown, 
1993; Harris and Leakey, 1993).

Olduvai Gorge presents a similar picture. According to 
Cerling and Hay (1986), Lower Bed I of Olduvai was a 
wet, marshy habitat, but by the top of Bed I (approximately 
1.8 Ma), the environment was more open and arid. At the top 
of Bed II, which is dated to approximately 1.7 Ma, there is a 
prevalence of dry vegetation and open habitats (Cerling and 
Hay, 1986). For example, oxygen isotope analyses of soils 
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indicate that C4 vegetation went from between 20–40% to 
between 60–80% around 1.8 Ma, for a phase that lasted at 
least 50,000 years (Hay, 1976). Although conditions at 
Olduvai and elsewhere certainly fl uctuated considerably 
throughout the Pleistocene (see Potts, 1998), it is reasonable 
to conclude that within the general region of the Gorge there 
was an abundance of open habitats after about 1.75 Ma that 
would have been conducive either to scavenging or hunting 
by ER.

A relationship between ER and open-country adaptations 
by H. erectus may also be involved in the marked shift in the 
quality of evidence for hominin dispersal into temperate 
Eurasia after 0.9 Ma. Prior to this time, evidence for hominin 
occupation is sparse, but afterwards there is clear and consis-
tent evidence of such occupation (Dennell, 2003). The onset 
of Middle Pleistocene glaciations after 0.9 Ma, and the 
increasingly open-steppic landscapes throughout much of 
Eurasia may have made this region a more hospitable venue 
for H. erectus’ ER-based hunting adaptation.

Conclusion

In conclusion, humans have a surprisingly impressive ability 
to run long distances at relatively high speeds and in 
extremely hot conditions compared to other specialized cur-
sors. In many respects, these capabilities can also exceed 
those of the few other mammals – all social carnivores – 
known to engage in ER. In addition, human ER capabilities 
are all the more special because other primates generally 
eschew running other than occasional sprinting, and they 
lack endurance capabilities.

If humans are so good at ER, then why have these capa-
bilities received so little attention in the history of research 
on human evolution? There have been countless articles and 
numerous books on the evolution of bipedalism in hominins, 
yet, with the exceptions of Carrier (1984) and Bramble and 
Lieberman (2004), none have considered running in any 
depth (see also Bortz, 1985; Heinrich, 2002). There are three 
major reasons for this lack of attention. First, what is out of 
sight is often out of mind: humans no longer need to run very 
much, and do so now primarily for pleasure or health. Second, 
we consistently underrate our abilities as athletes, primarily 
because we tend to focus on aspects of athleticism related to 
speed and power in which humans are pathetic compared to 
most mammals. The idea that brains have triumphed over 
brawn is so deeply engrained that it rarely receives much 
consideration.

Finally, students of the fossil record of human evolution 
have, understandably, focused on the origins of walking. 
There is substantial evidence that the earliest hominins were 
bipedal (Haile-Selassie, 2001; Galik et al., 2004; Zollikofer 

et al., 2005; Richmond and Jungers, 2008), and that walking 
was a key part of the transition that set early hominins off on 
a strikingly different evolutionary trajectory than chimpan-
zees (Darwin, 1871). There has been much debate over the 
extent to which early hominins were arboreal and whether 
these capabilities compromised their ability to walk opti-
mally (Lovejoy, 1988; Stern, 2000; Ward, 2002), but few 
doubt that australopithecines were capable, habitual bipeds. 
However, it is important to note that the biomechanics of 
running and walking are substantially different, especially 
for a biped. In addition, the physiological demands of ER are 
quite different from those of sprinting or walking. Thus, 
evidence for walking capabilities in early hominins is not 
necessarily evidence for ER capability. Instead, a diverse 
array of comparative functional morphological and physio-
logical evidence (Carrier, 1984; Bramble and Lieberman, 2004) 
suggests that human ER capabilities are not a byproduct of 
selection on bipedal walking alone. It follows that human ER 
capabilities demand some explanations for when and why 
they evolved.

Unfortunately, we cannot pinpoint precisely when ER 
fi rst evolved. As outlined above and by Bramble and 
Lieberman (2004), the majority of the fossil evidence points 
to H. erectus as the fi rst endurance runner. But, as also noted, 
we cannot rule out the possibility that H. habilis had some 
ER capabilities, nor can we rule out the hypothesis that later 
hominins had better performance capabilities than early 
H. erectus. More defi nitive answers require more evidence 
and more research. That said, the available evidence suggests 
that Australopithecus lacked many, if not most, of the derived 
features of Homo that improve ER performance. Some of 
these derived features, such as relatively large anterior and 
posterior semicircular canals, and the nuchal ligament, are 
specifi c to running. Other derived features, such as long legs, 
would have benefi ted both running and walking. Thus it is 
reasonable to speculate that selection for ER occurred in the 
context of selection for both walking and running long 
distances.

If there has been any skepticism about the ER hypothesis, 
then it has been with regard to why ER evolved (see, for 
example, comments in Carrier, 1984; also Pickering and 
Bunn, 2007). Because modern humans, including recent 
hunter–gatherers, no longer require ER in their daily lives, it 
is hard for many scholars to imagine how ER would have 
been selected for in the distant past. However, such reliance 
on the ethnographic present – what Wobst (1978) has referred 
to as the “tyranny of ethnography” – is problematic since 
recent inventions (such as the bow and arrow and the domes-
tication of the dog) have substantially changed human hunt-
ing strategies in precisely those aspects that relate to ER. 
Critically, these innovations allow humans to hunt and kill 
animals from a distance without getting close to large prey. 
But for most of the history of the genus Homo, it appears that 
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hominins have been able to kill large, prime age, adult prey 
that would have posed serious risks to any hunter armed 
solely with an untipped spear. ER, however, would have 
changed that equation by allowing hunters in the hot, arid 
and open habitats that have existed in Africa since at least 
1.9 Ma, to run their prey into exhaustion, thereby disadvan-
taging them suffi ciently to be slain with minimal risk and a 
high probability of success. While ER-based persistence 
hunting would have required the cognitive skills to track an 
animal combined with abundant access to water, the ener-
getic costs are surprisingly low in comparison to walking, 
and well worthwhile in terms of the payoff. Like other meth-
ods of hunting, ER and PH would also have required social 
groups with food-sharing.

Although the extent to which scavenging was an impor-
tant behavior among early hominins is still debated, it is 
likely that scavenging played some component of early 
Homo subsistence strategies, just as it now does among the 
Hadza and Bushmen. Since carcasses are an evanescent 
resource in which early access improves the chance of get-
ting something to eat and minimizing competition with other 
carnivores, then it would have benefi ted from ER 
capabilities.

In short, there is a compelling case to be made that ER 
would have given early Homo the ability to create a new 
niche within the carnivore guild: that of a diurnal predator 
within the increasingly open habitats in Africa by 1.9 Ma. In 
particular, ER would have provided ESA hunters with vari-
ous means of getting meat at comparatively low risk and low 
cost. Observations that ER is rare among modern hunter–
gatherers who possess weapons (such as the bow and arrow 
and atlatl) are not disproof of the hypothesis. Instead, the 
persistent, albeit rare, use of ER in scavenging and persis-
tence hunting by modern hunter–gatherers such as the 
Bushmen, the Tarahumara and others are testaments to the 
importance of running in hunting in general, and the effec-
tiveness of persistence hunting in particular, despite the 
invention of technologies that have made these athletic feats 
obsolete.

Finally, it is fun to conclude by speculating on a possible 
scenario for the evolution of ER in the genus Homo. Natural 
selection works by tinkering (Jacob, 1977). That is, selection 
can work only by taking advantage of small-scale heritable 
variations that somehow improve performance within a par-
ticular fi tness context. One can well imagine circumstances 
in which the earliest members of the genus Homo or perhaps 
australopithecines began to scavenge or possibly hunt a little. 
In such a context, individuals with variations such as larger 
anterior and posterior semicircular canals, longer legs, nar-
rower waists, more sweat glands, and so on might have 
enjoyed some fi tness benefi t because their improved perfor-
mance in long distance running and/or walking that helped 
them acquire more meat. Over time – depending on factors 

such as the strength of selection, how much variation was 
available, and population size – modern ER capabilities, 
along with a modern-shaped body evolved, probably fi rst in 
H. erectus. These capabilities apparently enabled H. erectus 
to kill medium- to large-sized animals in the hot, open habi-
tats of Africa in the Early Pleistocene without any weaponry 
more sophisticated than a sharpened wooden stick. After the 
ESA, more sophisticated projectile technologies evolved 
(e.g., stone- and bone-tipped spears, bows and arrows, spear 
throwers and nets) that gave hunters other, less grueling 
options to bring home the bacon. As a result, persistence 
hunting has become less important. In addition, many homi-
nins started to move out of Africa into temperate zones where 
PH was no longer possible. But the traces of our ancestry persist 
in a body well-suited to ER, a behavior that nowadays serves 
primarily as a means of relaxation and a way to stay healthy.
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