African Roots

CHAPTER OVERVIEW

Though human beings are distinguished
by large brains, great intelligence, and a
reliance on culture, fossil evidence shows
that large brains were not characteristic
of our earliest ancestors. The first steps
of the hominid family were literal first
steps; walking on two, rather than four
feot, was what differentiated them from
the apes.

The oldest members of the human
family date to more than 6 million years
ago, about the time our ancestors di-
verged from those of the modern apes.
The different names we have assigned to

ithecus, Orrorin and, after 4 million years
ago, several varieties of Australopithens—
reflect actual physical differences as well
as modern arguments about what those
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differences mean. These creatures share in

E . e
common the fact that their !::-x,aflns were

no larger than tlmse of mﬂdefl;,,chlmpan—

zees. What they all i&’l§n Seem to &lmte is
a skeletal anatomy suited to walkmg;;pp
two feet. i }
A fork in the hominid road appéars
about 2.5 million years ago, when a new
hominid form is seen . the fossil record.

Along with an anatomy suited to upright =
walking, Hoso habilis had a brainsize «

beyond the range of the apes and exhib-
ited a greater reliatice on culture as seen
in the production of stone tools. Homo
habilis and some of the Australopithecines
were contemporaries. While the latter
were highly specialized and became ex-
tinct, the former are directly ancestral to
modern humanity.
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CHAPTER 3 African Roots

BEFWEEN BUNNING SHOES, FLIF-FLOPS, UGG, HIRING boats, cowboy boots, tennis
sneakers, Croes, Clogs, and 2 host of other kinds of popular footwear, not many
of us walk around in our bare feet all that nuach, at least not outside. We usually
enclose our feet in footwear with hard soles, and we walk on even harder pave-
ment. Walking barefoot on the soft sand of 2 beach. however, reminds us of the
narural process of two-legged walking imtiated by our ancestors beginning more
than 6 million years ago.

Barcfoot, walking is no longer a matter of two flar slabs of leather or rubber
or some synthetic material, alternately clomping down on the pavemnent. Inseead,
we can sense our feet actually interacting with the earth, gripping into the soil
Lenesth them, pushing us forward in our desire to get from here to there.

In the instant of each step, our heel strikes first, leaving deep impressions as
the sand compresses beneath our weight, all af it focused on that small point
at the heel. Then the foot rolls forward, the arch lightly curving over the sand,
leaving a thin, sharp indentation with the side of the sole. Nexr, all in a fraction
of 2 second, we tock up onto the balls of our feet, thrusting cur center of gravity
forward, as we push our alternate leg in front of us. Finally, our toes push down,
gripping into the carth, with sand squishing up beoween and around them, as
we propel vur bodies forward, ready to catch ourselves in the nexe step with the
other foot.

| remember in particular one time when 1 walked on a beach with my then
fi-year-old son, Josh, and glanced back at our two scts of footprints, one big, one
small, as the waves began the nevitable process of erasing them from the sand.
Our disappearing trail of footprints reminded me of another such trail, made in
2 far distant time by two people who passed together across a landscape far dif-
ferent from the Cape Cod beach where my son and T walked. Those footprints,
however, were not erased by the tide or blown away by the wind. Those prints,
left in a fine volcanic ash on an East African plain in a plce called Lactoli, in the
modern nation of Tanzania, were preserved, allowing us in the present to examine
the way our most ancicnt ancestors walked (Hay and M. Leakey 1982; M. Leakey
and Hay 1979 T, 12 White and Suwa 19877,

That these footprints have been preserved 15 remarkable in itself. The condi-
tions and sequence of events had to be perfect. First, a thin ash layer was de-
posited about 20 km {a httle more than 12 mi) away from an erupting voleano.
Soon after, a mild rain fell, urmng the ash inte the consistency of wet cement.
Immediately following this, and before the ash had hardened, two people | and
then a third, walked across its surface, leaving their footprints in the srill-damp
a4sh. Then the sun came out just in ome to dry the ash bed to the hardness of
rock before another rainfall might wash it all away. Finally, another ash layer fell,
covering the footprint trail and protecting it from the natural erosion that might
otherwise have destroyed it Without any of these steps, the Lacrali footprints
wiotld have been as temporary at the footprints little Josh and I left on the beach
at Cape Cod. Even ordinarily impassive sclentists have characterized the pres-
ervation of the 23-meter {about 75-ft) Lactoli trails as “miraculous” [ Johanson
and Edey 1981).

Those fbotprints were found more than 3.5 million years after the people,
possibly a child and an adult, or perhaps it was a large adult male and a smaller
adulr female, strode across the surface (R Leakey and Lewin 1902 Figure 3.1).




Soowall never know their names or why they were walking, apparently 1n
sdence and, perhaps, siving our imagination free rein, arm in arm across the
w0 bed (Figure 3.2).Yer, in taking those steps, they achieved a kind of immor-
oot Perhaps most remarkably, their footprines show thar chose anonymous
e whaose life journey occurred so many years ago, walked g fashion that
= mearly indistngmshable from the way modern humans walk (Chareeris, Wall,
cod Motrade 19871 Dy and Wickens 19308 Tice 1980, %W hite and Suwa 1987,
Tocre are no impressions of the knuckles of a quadrupedal ape, no chumb-like
zoes. Their footprints are our footprints. Those people were among che
corlest hominins, with whom all lving people share a temporally distant bue

4 Hgure 3.1
o= one lefr, the Laereli rrackway; the fossilized footprines of at least nwo human ancestors
o walked in a remarkably modern fashion, On che right is the recent traclway of

o= somhrapaologist and his S-year-old son, Though separared in time by more than 3.5

= oo years, the two sets of footprines clearly show the remarkable continuity of bipedal

seomonon in the hominid family. (John Readers/SPL/Phora Researchess, Ine.; K. L. Feder)
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% Figure 3.2

Based on a careful
analysis of their
preserved footprints as
well as skeletal remains
of hominids that lived
at the same time, artists
have produced models
of the human ancestors
who left their trail at
Laetoli, Tanzania.

(Neg. #4744[5]. Photo by -
D. Finnin/C. Chesek.
Courtesy Department of
Library Services, American
Museum of Nacural History)

biologically intimate connection. This chapter is about the first people and the
world in which they lived.

YOU ARE SITTING DOWN IN A darkened movie theater. You've £0t your popcorn
and soda, the ads and previews have just finished, and the main feature begins, a
2-hour movie representing the history of the universe. The very first moment of
the film represents the first instant of the beginning of everything, the event cos-
mologists call “the Big Bang”’

Here’s the key to understanding the point of this exercise; in our imaginary
movie, everything happens proportionally to when it actually happened in the
history of the universe. Get it In such a movie, the earth does not even form
until more than 80 minutes after the first flash on the screen and the first living
things—just single-celled organisms—don’t make their appearance until about
90 minutes into the film. Dinosaurs briefly flash across the screen, and not until
the 118-minute mark. The first of the apes do not appear untl 119 minutes 50
seconds after the 120-minute-long movie began, and, finally, the earliest mem-
bers of the human family do not appear until 1 hour 59 minutes 57 seconds
mto our metaphorical 2-hour movie. The entire human story, from our first
upright walking ancestor to this moment, right now, is contained in just the final
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# secends of the film! Though this period may not seem very important from a
universal perspective, in human terms we are alking about mare than & million
years, or MHLO00 generations of human ancestors {at 20 years per peneration),
These metaphorical final 3 seconds of the flm are the focus of paleoanthropelo-
wists and archaeclogists,

Miocene Preface

Lets go back w lock at the world at the 119-minute 50-second mark in the
movie, when our nearest living nonhuman relatives firse make their appearance.
The world of this periad. called the Miocene {from abour 23 million ta 5 mil-
lion years ago; Figure 3.3), 15 one we can scarcely imagine. During chis epoch, cur
planet was 2 matchless place for forese-dwelling creatures, and many ape species
evolved ro fill the varied niches offered by this rich world, Places that coday are
covered with grasslnd, prairie, and agricultural crops were then fertile forests,

populated by an astounding bestiary of tree -J.l’.‘:w‘i.]]g specics,

Fossil Apes of the Miocene

Primarclogists now estimate that there were more than forry varieties—techni-
cally, genera—at apes living during the Miocene. Each genus (thats the singular
for genera) encompassed muliiple species; there are more than 100 ape species
recognized and delined for chis tdme (Begun 2003). Compare this situation oo the
present, with our paltry assemblage of only three genera of large or “great” apes
divided into four species (chimp, honobo, gorilla, and orangutan) and a single ze-
nus of the small o “lesser™ apes divided into nine species of gibbons and siamanags
{Figure 3.4). The Miocene was a time when apes flourished.

Era Pericd Epoch Million years ago
Cenarsic ACumternany “Holocene L0
; Pleistacene 2.6
Tertiary Fliocene 5
Miocere 23
Dligocene 35
Ecceng 55
Faleocene 85
Mes:mic C';H:umus 135
Jurazsic 5=l
Triassic e
Pa:h:'i_::tz;;ik:. Fernian 270
Carbonferous 345
[Xeviimiin <00
Silunan 425
COrdovician HE
Cambnan GO0
Precambrizn  Froterozoic g eI {10}
Archeczoic 3006

Azgic 4, 0{H]

< Figure 3.3

Humans appear
extremely late on chis
standard time scale for
earth history. The carliest
haminins date to the end
of the Miccene.
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& Figure 3.4
A plechora of primates: a gibben (upper left); a siamang {upper right]; a contemplative
gorilla {lower left); a branch-wielding chimpanzee (lower right), (%, L. Feder)

Why the Study of Apes Is Refevant to the Study of Humanity

We are not descended from chimps, bonobos, gorillas, or orangutans. We did nos
evolve from them. In fact, they have been evolving separately from us for as Lo &
we have been evalving separately from then, But we share with them a common
ancestor. Our evolutionary connection is apparent in our appearance, our behav
1or, as well as m our genes. Human and chimp TNA, in particular, are amazingls
similar. In fact, a comparison of modern human, chimp, and gorilla DNA found

that human beings and chimps are more similar to cach other than either huma:
ar chimps are to gorillas (Wildman, Grossman, and Goaodman 2001}, Figure 3.3
based in part on DNA evidence, presents a general phylogeny for the fossil and
modern apes, showing how we currently conceive of their evolutonary relation-
ships. The figure also shows how we view the human position on this phylogeny,
and we focus our energies on thae branch in the rest of this book.
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By studying madern apes in a natural setting, primatologists hope to catch
glimpses of behaviors the apes share with ust A chimp infane runs o its mother
when it s frightened, and two adults embrace and pat each other’s hacks: chimps
live in tightly knit social groups, make and use ool and different geographic
groups of chimps make different kinds of tools; and chimps occasionally walk
on twe feer while carrying objects in thelr hands, In these shared elements we
likely are recognizing behaviors we have inherited Gom 2 common ancestor
who lived more than 6 million vears ago and from whom both chimpanzees
and humans descendad,

What Happened to the Apes at the End of the Miocene?

Today, the surviving ape species are threatened with extinction as a result of habi-
tat destruction at the hands of humanity As the tropical forests of Africa and Asia
that are home to the apes are cleared for agriculture to support a burgeoning hu-
man population, the apes are pushed inco smaller and smaller enclaves. Without
a comeerted effort by our species—the same species that 1s responsible for their
current precarious position—our nearest ving evelutionary relatives may be-
COME eXARCE excepd in zoos and animal parks,

At the end of the Miocene, the many species of apes thar are represented in the
fossil record also faced extinetion, but not by any human agency; our direct ances—
tors had not vet evolved. Instead, 2 natural environmental change hegan to shrink
the rich forest world. Large areas of the extensive forest lands began to contract
sometime during the middle or late Mincene, to be replaced largely by grasslands,
or savannas, by the heginning of the next epoch, the Pliocene, about 5 million
vears ago. And with the contraction of the forests, most of the ape species that had
thrived there became sxtinet.

There is direcr evidence o support this seenario, Remember the discussion
it Chapter 2 about how most tree species are C3 photosvnthesis pathway plants,
which tend to select against the “C isoptope of carbon, As a result. when a region,
continent, or even the world is dominated by the €3 photosynthesis pathway, 0

“ Figure 3.5
Asimplified phyalgeny for
apes and humans based
on the Fossil record,
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» Figure 3.6

Graph showing the
dramatic proportional
nerease of PO in fossil
teeth and soils ar che

end of the Miccene,
Reflecting an expansion of
grasslands at the expense
of the Forests, this
probably explains why

an arboreal animal family
like the apes experienced
a wave of extincrtions at
the end of the Miocene.
(From Cerling, Yang, and
Chuade 1953)
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levels in the soil, in the bones of animals thar eat plint by-products, and i the
bones of the animals that eat the animals thar eat the plants 2l tend to have Towe
levels of PC than they do m times when C4 photosynthesis pathway plants—
grasses and sedges—dominate (60 percent of C4 species are grasses; Edwards o
al. 2010). Thure Cerling, Yang Wang, and Jay Quade (1993) have shown that soib
and fossil teeth in south-ceneral Asia (Pakistan) and North America (the westers
United States) exhibit a simultancons, deamatic increase between 7 million and
5 million years ago in their concentration of the “C isotope (variety) of the ele-
ment carbon (Figure 3.6). This dramatic merease in C concentration at the end
of the Miocene in soils and animal teeth is an indication of “a rapid expansion of
LA blomass [thar is, grasses and sedzes| in both the O3 and the New World stare
g 7 to 5 million years ago™ (Cerling et al. 1993:334). Recent research has onk
served o reinforce the apparent magnitude and rapidity of this shift from C3 «
4 plants at chis time; it 1s characterized, for example, by biologist Erika Edward:
and her colleagues (Edwards et al. 2010:588) as “explosive and broadly synchrns-
nous.” In ather words, the end of the Miocene is marked by a dramatic, worldwid-
contraction of forests and cheir replacement by grasslinds. Habita for forest dwell-
ing species like apes decreased, and many ape species became extinet at this time.

The Irony of Extinction

Almost cerminly, those few ape species thar survived the terminal Miocene pos-
sessed some characteristics that, by chance, gave them an advantage in the very
different world that was establishing itself. Perhaps it was their remarkable abil-
ity for brachiation that ensured the survival of the ancestors of today’s gibbons
and siamangs when forests were shrinking and competition for remaining space
was fierce. Maybe it was the strength, size, intelligence, and social systems of the
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The First Hominins

ancesters of modern gorillas chae allowed for dheir survival. The mtelligence and
behavioral Hexibility of the ancestors of chimps and bonobos probably provided
them with an advantage as the myriad Miocene ape species vied for space n the
diminishing forests of 7 million vears ago. The modern apes are the descendants
of the survivors in this evolutionary struggle. The losers were those who, at the
end of the Miccene, found themselves pushed into an alien habime in which their
physical and behavioral characteristics, honed by millions of years of evolution 1o
life 11 a chick, humid forest, were useless.

All living apes can walk on two feet with varying degrees of success (Fig-
ure 3.7). But bipedal locomeotion 1s inefiicient and tiring for them; the bones
and muscles of their hips and legs simply are not compatible with that form of
locomotion. The same was probably true for the apes of the Miocene. But at
least one and possibly several Miocene ape species could stand up and walk on
two legs better than the others. While providing some minor advantages i the
forests—and some of thetr habitars included a mosaie of forest and grassland—ihis
abality was particularly valuable as grasslands expanded and replaced the Miocene
woodlands. Nacural selection, as discussed in Chapter 1, feeds on variabilin: The
nascent abihity for upright locomotion within one or more Miocene ape species
provided natural selecton with the rw material needed o produce a creature fully
capable of bipedal locomotion, one that habitually and efficiently walked on two
feer. The species thae had this abiliny was the frst human ancestor

The First Hominins

The first bipeds did not suddenly develop at the end of the Miocene, the prod-
uct of evolutionary forcing as grasslinds replaced forest habitat rendering hipedal
lecomotion beneficial, They didn't evolve bipedality because they needed o in
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“ Figure 3.7

This oranguran is seen
walking on twa feet. Apes
possess the capacity for
Lipedal locomeortion,

and they will employ
that capacity when it
suits them, for example,
when they need to carry
something. But they
aren’t very efficient ar

it It isn't until abaut

& million years ago chat
wie see Tossil evidence for
a skeletal configuration
well suited wo bipedal
locomonion. (K. L, Feder)
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the grasslands; evolution does not work that way, Novel features are not made to
order. Instead, the palecenvironmental record of carbon isotopes, as well as plant
and animal remains dating to the times and places in which our firs uprighe an-
cestors lived, shows that they were already thriving as bipeds in mosaic environ-
ments al the end of the Miocene (Gibbons 20023,

It really was lietle more than luck that these apes already had the abilioy to ef-
ficiently and, perhaps, habitally walk on owo legs, Perhaps because of their ability
te wealk uprighe, these apes were able to lourish at the end of the Miscene as the
grasslands expanded at the expense of the forests while most other ape species
could not, Jt s the fossil record of this turning point in human evolution thart
commands our attention here,

Late Miocene Hominins

In numerous lectures delivered in my classes back in the 1970s and 19505, 1 had
to tell my studenes that the fossils simply hadn’t been found o allow us to assess
the nature of the divergence of our ancestors from those of madern apes. [ al-
ways held out hope in those lectures, however, that at some point in the furore
the fossil gap would be filled. Fortunately, that dme has come; and while, as yet,
the picture is complicated, the fossil gap is beginning to be filled and che stor v of
our carliest ancestors is starting to be resolved (Figure 3.8).

* Figure 3.8
Fassil localities of early Nediterranean Sea
horminins. ol
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The First Hominins

Ome of the most imporint discoveries related to the very early divergence of
the hominin from the ape line is the fossil called Salelanthropus tohadensis, foond
i the African nation of Chad. The origial specimen consists of a spectacularly
preserved crandum. Later, some mandibular and dental fragments froan another,
very siilar imdividual were found nearby (Brunet e al 2005; Gibbons 20H2).
This homunin was nickoamed “Toumai™ by i discoverers, and the fossil dates to
more than & million and as much as 7 nullion years ago abour the tme, or soon
after. when the C3 forests were being replaced by C4 grasslands.

Towmars nearly complete cranium i abour the size of a chimpanzee, indi-
cating; that it possessed a chimp-sized brain (Figure 3.9, However, in the shape
of the face, Salelantiiropns was decidedly unlike that of 2 chimp. A bottom of a
chimpuanzee face, like that of all the grear apes, thrusts forward, presenting a pro-
file with, essentially, 2 snout. Salelanilrepus 35 quite different i this regard, wich
a very Hat face.

A wirmal reconstruction of Toumats skull based on computed tomography
(1 seans, sumlar to what vou mighe have done at 2 medical lab or hospral, al-
fowed for the detziled examination of thirty-nine cranial landmarks and then the
accurare measurement of their spacial relationships, one o another (Zollikofer
et al 2005). The measvrements determmed from Towmas CF scans were then
compared to the same measurements performed on modern chimpanzees and
gorillas, as well those calenlated for a sample of ancient hominin skalls. Toamai’s

=~ 65

< Figure 3.9

Dating to more than

& rmillion years aga,

the crucial period

when genetic analysis
suggests that the ape and
human lines diverged,
Sahelantbropus Lehodensis
raay represent the oldest
horminid specimen yet
discovered. This craniurm
waes discovered in 2001.
[ MUPET)
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measurements fell firmly within the range of the hominins and out-
side of those computed for the apes. Further, at least one of the mea-
surements, the angle between an imaginary line connecting the top
and bottom of cach of Towmai’s eye orbits and another imaginary line
drawn at the base of his cranium is perpendicular, just as it is in homi-
nins a3 a resule of their upright orientation. This further implies that
Toumai was upright and, therefore, a hominin.

Though bones most directly reflective of locometar patterns—
those of the hips and legs—were not recovered, there is 2 strong indi-
cator of upright posture in the well-preserved cranium. The position
of its foramen magnum indicates chat Safelanthropus was upright
as well, Tt is positioned not at the back but at the bottom of the cra-
mivr, This is another clear indicanion of upright posture and bipedal
locomotion,

S0 is Toumal our direct ancestor? We can't say because it was not
the only hominin living in Africa in the period between 7 and 4 mil-
lion vears ago. Another set of possible hominin bones, these from the
Tugen Hills of northwestern Kenya, have been dated to before 5.7 mil-
liom years ago and may be as much as 6.1 million years old (Asello and
Collard 2001, Called Chrorin tugenensts by its discoverers, its status as
an carly hominin is suggested by its teeth, but the primary evidence
used to support this claim is the fragments of three fomurs recovered
in the excavation. The femurs were quite different from an ape’s and,
while nat exactly like a modern human leg, it was very similar to that
of later hominins where the evidence of bipedality 1s more substantial
{Rachmond and Jungers 2008).

Paleoanthropologists aren's that good about delayed granfica-
tomn, so you can imagine how dithicult 1t must have been for them
for the last 15 years, waiting for a detailed publication with a series
of articles discussing one of the most spectacular—and vexing—
discoverics, that of thirty-six members of a 4. 4-million-year-old

& Figure 3.10 species labeled by its excavarors, Andipithecus ranidies (T, 1. White et al. 2005
Artist’s conception of The initial discovery was made in 1992 and now, 17 vears later as | write this
Ardipithecus, (€ 2008 in carly 2010, Ardi, as the most complete specimen is called, stands before us
Jaw Mazrernes) 5 s

e Ao o] A : with her unexpected morphology (Figure 3.10).

To begin with, Ardi is literally “standing” before us; the shape and configu-
ration of her pelvis as well as the position of her foramen magnum prove that
she was definitely a biped which positions her toward the base of the human
line. But Ardi is a complicated specimen, and this can be seen especially in the
following features. To begin with, Ardi does not have 2 human-Tike hand; her
thumbs are not positioned hike ours, where we can easily touch the tip of our
thumbs to each of our fingers. Ardi couldn’t do thag she lacks the “opposabil-
iey” that characterizes the human capacity for fine and precise manipulation.
Even odder, however, is the configuration of Ardi’s feec. Even though she was,
like us and like our other hominin ancestors, bipedal, her feet look nothing
at all like aurs or those of Australopithecus afarensis who lefe the footprints ac
Lactoli mentioned in the prelude of this chapter. It really is pretry shocking 1o
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palecanthropologises; Ardi’s feet look like an ape's, with a large and divergent
big toe, the characteristic that makes an ape’ foot resemble the human hand
racher chan our foot. But however different Ardi’s feet may have been from
aurs, she walked on owo of them like we do, and not on all fours Like che liv
ing apes.

[ the opinion of geologist Thure Cerling and his colleagues (Cerling et al,
201109, Ardi walked bipedally in an early African savanna habitat. Based on the PO
concentration his group caleulated from Aramis soils and faunal remaing, Cerling
sugeests that Ardi lived in a place where between 40 and 60 percent of the vegeta-
tion consisted of C4 biomass, reflecnng whare 1s today called 2 “tree-bush” or “open
savanua (Cerling et al. 200E1105d}. Ardis locomotor merphology combined
with the " evidence supports the hypothesis thar the replacement of forests by
mare open habitat after 8 million vears ago 15 inextricably inked to the dewvelop-
ment of bipedality m our homimm ancestors,

A Jarge team of researchers led by palecanthropologist Tim White (W hite
et al. 2009—he was also one of the key investigators of the Lactoli foorprines)—
has published a series of articles about Ardipithecns 10 2 special Ocrober 2009
ssue of Sdepce, White and his colleagues believe thar Avdipithecus ramidus 1s best
explained as:

1. A creature at the base of the hominin line.

2. Sahelanthropus and Chrorin are probably other species of the same genus,
Ardipithesns.

3, Ard and her kind likely spent as much time in the trees as on che
ground.

4. Ardipiifiecns did not live in 2 grassland habutag; 165 ipedal adaprnon devel-
oped i an area characterized by woodlind habitae

3. Awdipithecus likely evolved into the carliest Anstralopiifecns species,

Inn this scenario, chimps and gorillas diverged from che hominin ine before
the evolution of Ardipitheos and evolved quite separately from the homaning, This
would mean that chimps and gorillas are not o very good madel for what our hu-
man ancestors looked like; their hogh level of sexual dimorphism with large, ag-
gresstve males with subsmntial canine teeth used In competidon with other males
and their adaptation for quadrupedal knuckle walking were never o part of our
hominin ancestry if Andipithecs 15 2t the base of owr evolutionary line. Asdipith-
eens has generated a tremendouns amount of interest and controversy. White and
his colleagues have provided their colleagues with quite a bit to think about
and much to assess. The period between 7 to 5 mallion years ago 15 sull compli-
cated with a host of hominins, any one of which might be directly ancestral to
us. [t 15 too carly o determine the precise evelutionary relationships among the
7= to S-million-year-old probable hominins discussed here.Whare 5 clear—and
what is most important to understand—is thae they all ived at a ome soon after
the human lincage diverged from tha of the apes. Geneuc analysis of human
betngs and chimps shows that we have been evolving separately for no more
than about 7 million vears. Salielanthropus, Chrorin, and Arfipithecus, therefore,
appear to be examples of what our ancestors looked like ar the genesis of the
human family

D
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CHAPTER 3 African Roors

The Genus Australopithecus

Diating to sometime between 4.17 and 4.07 million vears ago are the exciting dis-
coveries miade in Kanapoi and Allia Bay, Kenya, between 1995 and 1997 (M, G,
Leakey et al. 1998) The twelve specimens from Allia Bay and the nme from Kanapoi,
including teeth, crangal tragments, and some bones below the skull, have been as-
sigmed the species name Avstralopithenes: ainamensis,

The anamensis jaw fragments and fossil teech are apelike, but an upper arm
bone exhibits many humanlike features. In addition. and mre sigmiflicane, bath
ends of a tibia (shin bone) that were recovered are very humanlike; it discoverers
identify this bone as dlearly mndicating bipedal locomaotion nearly halt'a million
years before the Laetoli footprints. The covironment in which Australopithecus
aftammensis lved was characterized by open woodlind or bushland condidons,

Australopithecus afarensis

Far beteer known and with a far larger sample of remains 1s a later, somewhat less
apelike form of the same genus, Anstralopitheaus afarensis—most likely the creature
that left the footprine wail described in this chaprers “Prelude” The grear major-
ity of these fassils date to the period from 4 million to 3 million years ago, The
first afarensis fossils were found in the Afar geographical region of Ethiopia, ar the
site of Hadar (Figure 3.11), highlighted in this chapters "Case Study Close-up”
and the plice where the famous afarensis fossil, Lucy, was found, Other afarcisis
specimens have been found including a very complere skeleton of 2 young chald
found in Dikika, Ethiopia (Alemseged et al. 2006).

Amony the key elements of the afarensis skeleron thar have been tisuned and
used to define the species are the pelvis, vertehrae, leg bones, fimgers, feer, jaws,
skull fragments, a nearly complete eranium. and teeth, Together, these skelerl
clements allow us o paint a relizhle picture of 4 crearume that, beginning abour
4 million vears ago, was not hecoming bipedal bur already was fully wpricht {see
this chapters “lssucs and | debates™),

The posteranial skeleton (everything below the skull} of afarensts is diagnos-
tic of a creature far more like 2 human than like an ape. The fieet of afarensis were
quite modern, lacking the divergent hig toe of the apes and Andipithecus. The apes
Big toe is positioned on it fixat just as our thumbs are positioned on our hands,
allowing the ape to grasp objects with its feet {for example, to grasp tree branches
when climbing) far beteer than we can. Afarensis possessed the feet ofa walker, not
thuse of a climber. Also, the pelvis was quite similar to ours snd is easily distin-
guished from an ape’s (see Figure 3.19); the configuration of the pelvis is an ac-
curate indicator of 2 crearure mode of locomotion {see this chaprers “Issues and
Dyebares™). Even In the case of the 1ikika afarensis specimen, which s estimated
to hive been only 3 years old av the time of death, the bones of the legs and feet
are quite human-like and indicate thac afirensis was bapedal.

A computer simulation of gfariss locomotion tested various models, including
a chimplike gait and a more fully upright, humanlike mode of walking (C rompton
e al. 1998). Using the shapes of the preserved bones of Lucy in the computer simuy-
lation of afarensis locomotion, these researchers concluded that a bnmanlike gait was
far more likely Though Lucy cercainly possessed some apelike characeristics, she
wilked on two feet, not clumsily like a chimp but efficiently like a modern luman
being, {See this chapter’s “Case Study Close-up™ for more on Luey)




The First Hominins

Compared to human beings, the apes have pro-
portionally very long arms in relation o their gunk
and legs. Long, powerful arms allow the apes to chimb
or swing through trees as well a5 to walk quadrupe-
dally on the ground. Human arms are, by compari-
som, short in relacien to human legs; try walking on
vour hands and feer, and you will soon discover that
it's precy tedious; your legs are fr too long and your
arms are simply too shore Analvsis of the proportions
of upper and lower limbs in afirensis shows that in this
respect as well the species was proportoned far more
like modern humans than like apes (Shreeve 19965,

O the other hand, afarensds had not left s ape
heritage Behind entrely. In some specimens the fimger
bones were long and curved, like an apes {(Susman,
stern, and Jungers 1984). The one preserved finger
Lone of the ikika child as well as o well-preserved
shoulder blade (scapulal are more ape-like than hu-
man; this evidence may indicate thae afarensis retined
some of the arboreal abilicy of its ape aneestors at the
same time that it walked bipedally on the ground.

All of the essentially human qualities of the post-
cranial skeleton of Auwsoalopithenis afarensis mst be
contrasted with the almost entirely apelike [eatures of
its skull, as exhibited in the nearly complete cranium
diseovered at Hadar (Kimbel et al. 1994). This cra-
o, labeled AL 44422 by s excavators, is the most
complete afarensis skull yer found. It dates to about 3 million years ago, making
this specimien one of the youngest yet 1dentfied in the afironsis fossil specics. In
its overall form, AL 444-2 is certainly more apelike than any subsequent human
ancestor, including other, later versions of Auwstrlopithecus we will discuss, Crandal
capacity = apelike, 10 the range of 400 co o 500 co—about the size of 3 modern
chimpanzee and about cne-third the human mean for brain siee. The upper por-
tion of the face 1s small when compared to the lower part {as in apes), which s
the opposite of the pattern in modern human beings. The jaws jue out and are
snottlike—they are said to be prognathous—just like those nan adule ape and
again quite different from the relatively flat face of 2 modern human,

The afarensiz jaw presents a combination of apelike and huwmanlike features
(Figuree 3.12), Humans and apes have the same numbers and kinds of teeth: tao
incisors, one caning, two premolars, and three molars in cach quadrant of che
adult mouth. Human teeth, however, m both the upper jaw—the maxilla—and
the lower jaw—the mandible—are positioned n a curving arch that expands to
the rear of the mouth; ape reeth present a more bosdike appearance, with the pre-
melars and molars set inonearly parallel rows perpendicular to the incisors. Also,
apes have proportionally much larger camine teeth and a gap in the teeth of the
opposing jaw to allow room for the large canines when the meouth s closed. This
gap, or diastema, 15 not present in the human jaw; our canines are much smaller,
and so no gap in the opposing jaw is needed. The afarensis jaw is not quite like an
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4 Figure 3.11
Phatagraph of the 45%
complete skeleton of the
fossil known 2s Lucy:
Avstealopithecus afarensis.
Lucy and a series of
thirteen other gfarensis
specimens have been
dated £ 3.18 million
years apo. (8 Alin
Mogues Syamaf Corlis)
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 Figure 3.12 Large diastema Smaller dizsrema Mo dizstema
Comparison of the \ 2
mazxillae (upper jaws) of
chimps, Avstralopithecus,
and maodern human
beings. The teeth in a
chimp’s mandible are
arranged in a bos-like
pattern, while those of
2 madern human being
form a curve or arch,
{From Luge: The Begnaings
of Humankind, € 1981
Donald . Jahanson &
Mitlared A, Edey Drrawings Chimpanzes upper jaw Awstralapithocus upper jaw Human upper jaw
& Luba Dmytrde Gudz)

ape jaw but not quite like a human jaw either. The configuration of che teeth is
maore like a box than an arch; there is 4 small diastema, and tooth size, mcluding
that of the canines, thae is mope apelike than homan.

The evidence, then, is quite clear: Awstralopithenus afarensis seems 1o have been
a hipedal ape living between 4 million and 3 million years ago. It looked like a
chimpanzee standing on two short but otherwise humanlike legs, with no diverg
ing big toe. What we share with afarensis is a mode of locomaotion, but not a [evel
of intelligence or a reliance on culture,

A Fork in the Hominin Road

A about 3 million vears ago, there s evidence of the evolution ol a somewhar
different form of hominin, We call these new tossils by ehe name Avstralopithecns
africanis, Like its evolutionary progenitors, africanus weas bipedal and seill walked
i an essentially modern human fashion. Ty also retained a basically apelike skull
and brain. There are a number of fairly well preserved afficanns crania, all apelike,
with a sloping forehead and large ridges of bone above the eves (Figure 3,13). On
the other hand, the jaw and its teeth are 2 bit more humanlike and the face nor so
proguathous as that of afaressis, so in some Ways it seems more human in appear-
ance, Nevertheless, its braim size still fBls into the range of that of the greac apes.
Australopithecns africans dates to no more than 3 million years aso and seems ro
fade out of the picture by abour 2.2 million years Azo. At that point, a larger bipedal
torm seems to have thken i place (Figure 3.14). Called Pararthropus robusis, it was
a biped, and its brain size was a hit greater than In affcanns. More sgmificant is
the difference in the cranial architecture of rehustus: Where the top of the africanny
skull is round and smooth, the top of the rbustus skull spores a thin ridge of hone
called 2 sagittal crest. Such a crest allows for o much larger, stronger temporalis
muscle, which powers the movement of the mandible while chewing,
Interestingly, though the morpholesy of the sobusis chewing appararus ap-
pears to be specialized, analysis of the carbon ISOLOPes in s teeth show a varied
diet of both C3 and C4 foods {(Spanheimer et al. 2006). In other worils, though
the teeth and jaws appear to be suited o chewing the tough seeds produced by
tropical grasses (C4 planes), direct evidence of the carbon isotopes in the teeth
indicate that soft leaves and fits produced by trees and other C3 planes were an
equally mnportant part of the dier. The robust architecture of the chewing appa-
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ratus might have been an adapration that allowed robustus to survive on only the
tougher C4 plants when C3 foods were not available.

The robustes pactern of powerhul cranial architecture 15 even more pronounced
i another fossil hominin, Pavanethropis botser, whose specimens dave fom 2.2 mil-
hom years ago to L4 millien years ago, making it pardally contemporaneous with
robnsries (Suwa et al, T997), Beisy 15 different enough from rebustus to warrane
separate species status, In other words, there was more than one distinet hominin
species living in Aftica during the same period, a situadon similar to the modern
situanon for pongids. in which there are two extane species of chimp {the com-
mon chimp and the bonobao).

< Figure 3.13

Cranium of
Avistealopithecus africanus,
a lightly built or “gracile™
austelopthecias Farm

that fallowed afarensis in
southern Africa. Africanus
flourished after 3 rallion
years ago and appears
to have become extinct
b 2.2 millian years ago.
(Transvaal Museum, [ C.
Panagos)

< Figure 3.14

Cranium and mandible
af Paranthrepus robustus.
Hobustus appears to have
been a highly specialized
hominid, with extremely
porwerful jaws adapred to
processing a dier of hard,
gritty foods, Robustus may
have repleced afficanus,

It became extinet arcound
1 millicn years ago.
{Transvzal Museum,

D. . Panagos)
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» Figure 3.15

This phylogeny shows
the chronalogical
relationships among the
tossil homining discussed
in this chaprer,
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A Forest of Hominins

I am sorry that this all seems so complicated, with so many named species and
so little to allow us to draw precise connections among them: which were &

rectly ancestral to us, which were evolutionary dead ends, which were COMmet-
ing contemporaries, and which were members of the same evelutionary lines. |
realize it can all seem quite daunting and, unfortunately. it 1s impossible to come
e a definitive determination of how all the various fossil species discussed in this
chapter—and others left undiscussed—were related to the limeage of modern hu-
man beings. Though a chronological chart can help you sort out when the vari-
ous species lived (Figure 3.15), there i no nice. neat SEUENCE W Can come up
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A Different Path—Homea babilis

with that shows ancient hominins becoming continuously more modern look-
ing in each of their characterisucs through rime, leading o individuals that look
like modern people. In fact, it appears char there were 2 number of false stares
and dead ends, creatures that were homanins bus thar became :_-xti]]ct, represenl-
g side branches on a densely thick evolutionary bush with modern human be-
s representing the only surviving branch. We simply don’t have large enough
samples of the differenc kinds of homimns that were alive in the period between
6 million and 2.5 million years ago to accurately determine which species faded
mito exonction and which species are directly ancestral to modern homan beings.
In all likelihood, there are additional extinet hominin species whose bones have
not yer been found or recognized, and one or more of them might be more di-
rectly ancestral to us than moest or even any of the species so far defined.

With all that is uncertain, a number of elements of the early story of the hu-
man fanily do seem clear, It appears that 2 number of somewhat different forms
of upright-walking creatures with chimp-sized heads, a mix of humanlike and
apelike teeth but with tantalizing evidence of 2 humanlike way of walking on
owo feet, existed beginning about & million years ago. They lived in a variety of
envirenments and seem to have Qourished where there was a mosaic of differ
ent habitats including forest and grassland. Their ability to walk on two feer and,
perhaps, climb ees seems to have provided them with an adaptive advantage
over many of the Miocene apes whose forests they shared. Some of these uprizhi
walkers that we call hominins also shared the fate of many of the Miocene apes
and became extiner. Buc one of these hominins was a survivor in the evolutionary
sags, Me progeny are the foces of the rest of this chaprer,

A Different Path— Homo habilis

Soon after 2.5 million years ago, and just as the australopithecines were cx-
periencing great changes in their evolutionary pathway, another hominin seems
to have branched off from che main line of the Australopithecns genus (see Fig-
ure 3.153). This breakaway group followed 1 different evolutionary route, one in
which its survival on the African savanna was not the result of an increasingly spe
cialized diet bur, instead, was due o an merease in incelligence made possible by an
expanding brain, This creature firse appears in the fossil record abous 2.4 million
years ago (Bower 19935, 1993¢; Hill, Ward, and Brown 1992; Schrenk e al, 1993),
a livele before africanis became extinet, which makes it a contemporary of Paran-
thropus robusties, But this new form cannot be mistaken for any variety or form of
Australopithecus or Paranthrops. With 2 muoch fatter face, a steeper forchead, and a
larger brain—a mean size close te 700 cc, larger than any ape brain and just aboue
eme-half the modern human mean—this clearly is a new and different hominin,
It is called Hosso fabilis (Figure 3.16),

Assigning them to the same genus a3 modern humans means that oo Sabific
was much more like us than were any of the australopithecines or paranthropines.
Whereas taxonomically Homo sapiens nmght live in the same general neighbor-
hood as Awstralopithenss and Paranthvopis, we live on the same street a5 Homo frabi-
lis. The skull of Hone hiabilis was not just larger than that of the australopichecines
but was shaped differently as well, with significantly less prognachism, a caller,
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& Figure 3.16

The cranial capacity of
this fragmentary cranium
shiows that Hemo habilis
possessed a brain larger
than any ape’s. Dared
at Z.4 million years ago,
habilis represents the
first hominid with an
expanded brain,

(& Marional Museums

of Ky

steeper forchead, and a more rounded profile. All of these features seemn to presage
modern human beings.

The Ability to Make Tools

You might think that one of the key behavioral [eatures that distinguishes peo-
ple from other animals rests in our ability—and need—ro use ook, In actualicy,
howeever, a number of animal species have been observed using tools in the wild
Sea orters will often gral a flat, smooth stone, rest it on their stomachs while they
Heat on their backs in the water and use the stone a5 a sorc of anvil on whach
they smash open shells for the seafood withing Woadpecker finches have been
seen uiing cactus spines held in cheir beaks to probe for mseets in tree bark. Some
chimps use stones to hammer open nutshells o gee ar the nutmeat within, even
placing the nuts on stone anvils to magnify the effect.

Some chimpanzees go bevond this, not enly using tools but actually making
them by physically moedifying a raw material to a desired shape or form. For ex-
ample, chimps will strip the bark off of twigs, which they then poke into termite
monnds like fishing rods The seripped teigs are wer and sticky, and teremites will
adhere to them, After pulling cthe twigs out of the meund, chimps eat the rermites
which they apparently think are a delicious treat (Goodall 1986), Central African
chimps have been seen cralling wooden clubs to crack open beehives from which
they then collect honey using rwigs, sometimes using a comples array of a5 many
as frve separate toals—pounder, perforator, enlarger, collecror, and swab—in 2
precise sequence in order to extrace the honey (Bower 2009; MeGrew 2000).

Though there is no direct evidence of such tool use among the Australopith-
ecines, there is ne reason to believe that they were not capable of similar work,
I asm’t wnedl about 2.5 million years ago, however, chae the first stone tools have
been found in the archacological record. The first appearance of these formalls
produced, consistently patterned stone tools cosely caincides with the carliess
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sppcarance of Home halilis, a species that possessed both the hand anatony and
e mereased mtelligence needed to carry out the sophisticated process of fore-
“rought and action in the production of permanent tools, 1o all likelihood, they
were the makers of these fist stone toals,

Oddowan Technology
These oldest stone wols date back to about 2.6 million years age at Gona, Ethiopia
Cliade et al 2004 Semaw etal. 1997) Tools like these were first recognized, defined,
cmd deseribed by the imous paleoanthropalogise team of Leans and Mary Leakey
WU Leakey 1971). They called the tools Oldowan, after the place where they were
s found and where the Leakeys had devoted so much of their research enerzy,
Cduva Gorge in Tanezanta (Figure 3.17).The Leakeys eriginally defined Oldowan
ook 25 a series of specifically shaped, sharpened rocks that served as chopping tools.
Wy Leakey (1971) classified Oldowan choppers into a number of types based on
crape and inferned fmction—euatting, chopping, seraping, and so forth. More recent
work, however, by Micholas Toth (1985 and Kathy Schick (Schick and Toch 1993)
Hows clearly thar, though some of the *Oldowan choppers™ may have been used as
moals, the vast mjority functioned a5 cores from which flake rools were produced,

< Figure 3.17

Haomo hatilis 15 also
knowven to have been

a tool producer. Here
is a chopper from the
COldowan tradition of
Hawen hatilis. (5 Insticute
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i Figure 3.18
The process by which
fakes were removed
from a stone core in the
OHdowan tradition, A
niscless of a hard stone
was struck with another
stane in just the righe
locations to allow Tor che
remaoval of sharp, thin
Aakes. (Fram “The Firss
Technolopy” by Michalas
Tach, 'L_.l.‘:-|:-:,rrigi1l'. 1587 by
Srienrific Armerican, Inc. All
rights reserved; drawing by
Edward L . Hans (J'I:I
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The maker of the tool, or the knapper, begins with a more or less spherical
nodule of stone. Holding this object piece in one hand, the knapper strikes it
with @ hammerstone, usually a fortuitously shaped harder rock {or just ons
less likely to break as a result of its shape). Without much trouble, the knap-
per can knock a flake off the stone (Figure 3.18). Then the knapper turns the
object piece around in his or her hand so the interior surface of the rock that
was just exposed with che fiest hammerstone blow is facing up. Next, using that
surface as a striking platform., the knapper serikes down on it with the hame
merstone, thereby removing a stone flake from the appaosite side of the object
piece. Repeating this several omes can produce a number of sharp, relatively
straight-edged flakes useful for cutting, scraping, sawing, chopping, and the like
Macroscopic analysis of a large collection of Oldowan Aakes shows thae many
were used for chese purposes (Keeley and Toth 1951; Toth 1985, The Aakes
exhibit a pohish on their edges that is typically caused by cutting plant material.
burchering asmimals, and woodworking. Stone Makes are sharper, stronger, and
more durable than the teeth or nails nature provided our ancestors. Although
ane dossn’t need to be a genius wo figure out how to make stone tools, it dose
take what researcher John Gowlett calls an “appreciation of the properties of
stone” (1986:251). Try it yourself (be carcful and always wear eve protection
and you'll see how challenging it can be. It takes a while even for modern
people with our much larger beains to get a feel for how how to break stone in
a way that consistently results in the desired endproduct: sizeable, sharp-cdged
tool blanks. The production of Oldowan tools took some knowledge of the
characteristies of different rocks, an understanding of their breakage patterne,

Hammerstone Seriking platform Seriking paint

Flake
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forethought in planning the sequence of blows, a bit of hand-eye coordination,
and flexibility to change the planmed sequence when problems cropped up,
More fundamentally, this process rkes enough intelligence to recognize that g
round, dull rock can be transformed into a large number of scraighe, thin, sharp
picces of rock suitable for many different uses, Clearly, this is the thought pro-
cess of an intelligent being.

[ am certain that most of us would not know what kinds of rock would be
usetil in toolmaking, and we wouldn't know where to find any of it even if we
did know the kinds thar work best. In the experimental archacology course |
teach in which students [earn about stone-rool technolegy by attempting o ac-
tually replicate stone tools, [ mstruct them o go off into the wilds of Connecticut
and collect stones from which they think they might be able to praduce sharp-
eidged stone blades. We won't wlk abour the one student who acmally hought
rocks at a local rock shap (the price tag was still on one of them). Most students
return to the class with simdstone and schist and other rock CVPEs Cormion in
our region bue that shatter or crumble when struck, producing no usable tools.
The point is, it takes knowledge and experience to recognize rocks with the best
qualities for making tools. There is a lithic learning curve, and Hewmo habilis was
?IL"EE‘_J ﬁi'l' il['i'lr'lg L) b ﬂ.lﬂ.L CLITV,

The hominins at Gona seleceed the best stone in their territory, rock that
fractures readily, regularly, and predictably to produce sharp, thin fakes, Flak-
mg was not random but was done according o a sensible pattern of removal
from a core. In fact, the Gona researchers propose that the 2.6-million- year-olid
wols found there alimost certainly do not represent the firse or even a very early
azenzpt by these hominins to make stone tools. These researchers suggest that
further study may likely reveal evidence of even older toolmaking, more repre-
sentative of the initial experimentation performed by our ancestors as they liter-
ally invented stone toolmaking (Semaw et al, 1997).

o Schick and Toch {1993), the archaeological record ac Home habilis sites
suggests quite a bit of forechoughe and planning in the manuficture of stone
wools. In their view, Oldowan was not a simple or “expedient” technology in
which tools were made haphazardly and only to fill an immediate need from
whatever happened to be available, If this had been the case, then flakes and the
cores from which they originated would all be found together where they were
made and used, and they would have been produced from raw materials found
by Bue this is not the case. For example, stone tools found at the Kanjera
1site in Kenva weren't made from the local limestone, from which sharp,
le tools cannot be made. [nstead, the tools found ar the siee were made
far more durable mw materials from which sharp edges can be produced:
cuarezite and rhyolite. Those rock tvpes were available 1o less than 13 kilomerers
Zesmant from the site, implying quite a bit of planning and forethought by the
Cemakers, and not just a little bic of applied geological Enowledge (Gibbons
= 501 The analysis of the wear patterns on stone tools to determine their uses
fscussed in Chapeer 2. The wear patterns present on the Kanjera South
zest their use in the processing of plant materials, perhaps in the cutting
£ fibrous tubers.

The cores found ar Homre habilis sites appear to have been moved around to
srever flakes were needed; it is commen to find flakes but not their source

Homa batilis
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cores at a site. The cores, apparently, were carried to the next place toals might be
needed. This process shows a high level of plainning and intelligence. As Schick
and Toth maintain, “This s o much more complicated pattern than many would
have suspected from this remote period of time. It bespeaks to us an elevated
degree of planning among these carly hominins than is presently seen among
maodern nonhuman primages” {1993:128).

The Fate of Homo habilis

The existence of Home habilis was rather short in evelutionary terms: Occar
ring first in deposits that are about 2,4 million years old, their remains disap-
pear entirely sometime afier about 1.8 million years ago. But the evidence does
not imply that Homo habilis simply became extinet, leaving no evelutionary
descendants. In face, habilis appears to have evolved into another hominin spe-
cies. This evolutionary jump and the new species that resulted are the focus of
the next chaprer.

What Were the First Steps in Hominin Evolution?

The evidence regarding how the hominin Gimily began is unequivecal. The
first hominins were, fundamentally, bipedal apes; the first steps of our evolution
were licerally “first steps.” The physical evidence shows that creatures dating 1o
at least 6 million years ago had a skeletal anatomy, reflected in the morphology of
their femurs as well as the positioning of their skulls on their vertebral colummne.
suitable for walking on two feet, in 2 manner similar o the way modern huo-
man beings walk. At the same tme, these creatures possessed brains of 2 size and
configuration virually indistinguishable from those of some species of fossil and
madern apes. The consensus on this is clear,

How Do We Know the Hominins Were Upright?

The configuration of the skeleton is quite different for creatures who walk qua-
drupedally and for those who are habitual bipeds. The most important part of the
skeleton in this regard is the pelvis, made up of a lefi and a right innominate
bone (Figure 3.19). The innominate bones of a primate quadruped—for exam-
ple, a chimpanzee—have 2 long and narrow top blade (the ilivm) thar connecs
to the base of the pelvic bone (the ischium), creating a flat plane. A human m-
neminate, on the other hand, has an thum that is short and broad and, when com-
pared to a chimp’, flares out at the top and seems twisted to the side, producing
a complex curve away from the plane of its ischivm (Lovejoy 1988),

The configuration of the innominate bone in an animal determings the po
sdon of the large gluteal museles, which in turn determines how the creatume
could mest easily get around. Thus, the position of the ilium on the inmominan
bone of an excinct animal allows us, with some accuracy, to deduce how thae
creature walked—in other words, whether it got around on four legs or two

There really 15 very little argument abour the pelvis ol Anstralopithecus afarens
a5 well as that of the other australopithecines with preserved pelvises; they have an
innominate bone very similar to that of 2 modern human being {Lovejov 1955
Lovejoy, Heiple, and Burnstein 1973; see Figure 3,19),
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Garilla

Awstralamithocis todern human being

1s There Other Evidence for Bipedality?

Though the pelvis 1 the best place to look for evidence of locomotion, fossil
discoveries are not made o order, and we don' always ind thas skeletal element.
Other parts of carly hominin anatomy, however, are also usefinl to assess a crea-
tre’s locomotor pattern, For example, the femur of O has charcteristics
that indicate bipedalicy 6 mallion vears ago. The Laetoli footprints (see Figure 3.1)
are virtually indistingunishable from footprine of a moedern human; individually
thev exhibit the typical pattern of o human foor, and together they match the hu-
man stride {Charteris, Wall, and Nottrode 1981; Day and Wickens 1980; T.White
TORET. 10 White and Swwa 1987). The prines display o humanlike arch and lack
arry hint of the divergent big toe that characrerizes the apes.

As we saw earlier, the locanon al’ the toramen magnuim determines the posi-
non of the versehral column, which in turn indicates whether a species 5 qua-
drupedal or bipedal. Fossil hominin erania as far back as Salelandlropus possess a
foramen magnum lecated at the base of the cranium, in nearly the same position
= modern human heings, whao, of course, are ipedal.

Fragments of the femur (upper leg) and tibia {Jower leg) of afrensts show
cearby that s upper and lower leg jomned ar an angle more like that in modern

ones of aforessis are longer and more curved than the modern human form, but,
ske the footprints, they exhibit a modern armangement of the big toe, In fact,

fen the large, well-preserved foot from the site of Hadar (see the “Case Study
lose-up” in this chapter) is scaled down o the size of the Lactoli prints, it is a
cerect match { Johanson and Shreeve 1985197

Why Bipedalism?

ne thing to cite physical evidence to show that the carliest homining walked
= owo feer. Ics another thing to explain why bipedality evolved in the firse
race If vou are an ape, what is it about walking an two feet in the savanna or an
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“ Figure 3.19
Comparnison of the
pelvis of 2 gorilla,
Australopithes, and a
modern human. Thaugh
there certzinly are some
differences, the pelves
of the extinct and the
modern homind are

far mare similar than
either is to that of the
gorilla, This is true for
the simple reason that
pelvis derermines the
configuration of the
muscles that attach to
the upper leg, which, in
turn, determines how

an animal locomotes,
Gorillas are quadrupeds.
Australopithesis and
modern human beings
are bipeds. [From The
Antiguty of Human Walkiog by
John Mapier. Copyright & April
1967 by Scientific Amencan, Inc.
Allrights reserved; drawing
ight Enidl Kotsching)
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environment marked by o mosaic of grassland and fovest that mereases vour likeli-
hood of survival and, in nrn, the probabilisy that you will reproduce and pass on
the genetic disposition for Bipedal locomotion to another generation, for whom
greater proficiency for that mode can be further acted on by natural selection?

seventeenth-century natural historian and Anglican minister John Ray who
we mentioned in Chapler 1, believed that upright walking was s endovwment
from God, giving human beings 2 unique advantage, enabling them to see for
greater distinces—to spot resources as well as dangers—and to carey objects,
Madern explanations of why this ability was the key selective factor in early
hominin evolution are a bit more complex, though they often (coincidentally)
build on Hays assertions. Modern hypotheses claborate on how the abilicy o
walk on owo feet allowed our ancestors o survive ac the end of the Miocene
when so many other ape species became extinet and why it continued ra be the
central adaptive wait of the homining untl brain expansion took over more than
35 million years laer,

The Upright Provider

Consider the hypothesis proposed by Owen Lovejoy (1981, 1984, 2009, who sug-
gests that the key advantage to bipedal locomotion, including that seen in Ardipith-
eenes, was that it freed the hands o carey things, allowing males to carey food back
ter a camp ot village where females and their offipring could be provisioned.

Among modern primates, chimp females raise their children alone, They are of-
ten good mothers, devoting much time and energy to the health and well-being of
their offspring, Male chimps.on the other hand, generally have liede o deo with in-
fants. Because chimp society 13 sexually promiscuous, the males dos’t knew which,
if any, infants they have sired. So, from an evolutionary perspective, why should they
waste time providing for offspring that probably do not carry their genes?

Any help a chimp mother can get in prowiding for her offipring will improve
the hkelibood of survival of all of her children. It makes sense for her to solicit
assistanice from other chimps in her group, including adult males.,

But how can a female chimp convinee a male to do this? In Lovejov's view, she
st assure him thae the affspring are has and thae, by helping them, he ensures chat
half his genes get passed along as well. Only a pattern of sexual fidelig—in other
words, monogamy-——can do this. Basically, it a trade: Ferales increase the likeli-
hood their childeen will survive by remaining sexually fithiul te one male, The
male recerves exclusive sexual access 1o a female and an increased probabilicy chat
he will tather effspring, All he has to do s fGithfully provision the female and the
children he has sired with her This abilicy to bring foed and other resources back
to the female and the young is made feasible, in Levejoy's views by the freeing of the
hands—which, in turn, is made possible by walking on two feer.

Femember, individual animals are not making 2 conscious choice to enhance
their contributon o the evolutionary gene pool by the practice of monogamy.
Females merely are choosing to associate with males who help them care for their
children, and males help females who provide them with sex. These behaviors
inerease the probabality that offipring survive o adulthood. In terms of natural
selection, it should be apparent that those late Miocene apes who acted m a way
that mncreased the likelihood of their affspring’s survival were more successful
than those whe did not: Their population increased while other groups became
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extinet. Because the provisioning behavior was made possible by upright walking,
that ahility would he serongly selected for

Thers is at least one glaring defect in Lovejoys hypothesis {Tanner 1951;
Ziblman and Tanner 1978): When a male is away gathering food, what is o pre-
vent a fermale from having sex with other males? In fact. such behavior may be
to her advantage because it would increase the number of males wilhing to provi-
sian her and her offipring. Sex is used i many of the social primates 1o make
alliances and mameam friendships. In such a scenario, sexual fidelity might even
be disadvantageous, particularly if the male doesn’t do a good job of provision-
g Ultmuately, it is difficult to understand how a more rigid pattern demanding
sexcual fidelity actually could have been maintained in ancient hominin societes.

The Upright Scavenger
Anthropologist Pat Shipman (1984, 1980) has proposed another hypothesis. Us-
ing the scanning clectron microscope, Shipman has examined che remaing of ani-
mal bones recovered ac carly hominin sites. She found microscopic evidence of
tath marks fromn predators and scavengers, as well as cut marks from stone toals,
made when homining removed the meat, In some instances she found carnivare
and stone-tool marks on the same bones, eicher with the tool marks stperimposed
on the carnivore tooth marks or with the tool marks made Grse, In other winrils,
sometimes carnivores had access to the bones only after the homining had pro-
cessed them (ndicating hominin hunting behavior), and sometimes the haminins
zat at the bones after carnivores had already chewed on them, evidence that the
hominins were scavenging the carcasses of smimals killed by other carnvores,
Walking on two feet was likely adwantageouns to hominins who were appor-
tunistic scavengers, Seavengers need o fnd their quarey, and that means walking
great distances and scanning a broad territory for evidence of a predator kill, Bi.
pedalisi 15 highly energy-efficient, in part beciuse 1t mvolves only two limbs and
vields greater endurance for walking long distances. Tn addition, becanse scav-
engers always need o be wary of the return of the predator who did the killing
in the first place, as well s of ather large, aggressive scavengers—like hyenas or
Jackals, who mighe compete for the same kill—it is wise to getin and out quickly:
Cue the meat off the bone as fast as possible and carey 3t back o a safe place o
eat. The free hands of a bipedal hominin can carry both the waols for extracting
the meat from che carcass and che meat.

The Efficient Waller

Primatologist Peter Rodman and anthropologist Henry Melenry [ Johansan,
Juhanson, and Edgar 1994} have propesed what may be the simplest and most
clegant hypothesis of all. After analyvaing the energy expended by chimps when
they walk quadropedally and by humans with their upright gait, Rodman and
McHenry determined that human locomoton was simply more efficient than
chimp locomotion, meaning we expend less energy to accomplish the same sk,
Follonwwing on this hypothesis, researchers have recently calealated the aceual dif
ference in energy expenditure between quadrupeds and bipeds, It turns out that,
while using half as many limbs, 2 human being walking on two legs expends only
ome-quarter the energy of a chimp walking on all fours (Sockol, Raichlen, and
Pontzer 20073
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As the Miocene forest shrunk, some ape species may have thrived by exploit-
g the resources of the growing savanna, where food resources were more dis-
persed. An energenically efficient way of moving across increasig distainces in the
search for food became adaptively advantageous. The ability to walk efficiently on
two feet may have provided that advantage.

The Endurance Runner

The Olympic marathon race (26 mi, 285 vy 42,195 km) is run to commenia
rate 2 legendary marathon run by a Greek herald 2,500 years ago. A Greek herald
named Phidippides ran the approximately 26-mile route from Marathon to Ath-
ens to announce the stunning victory of the Greeks over Persian invaders, and
then promptly dropped dead.

Maore recently, marathon ronning has become extremely popular {mostly
without the dying part); for example, there were more than 25,000 competitons
in the Boston Marathon in 2008, Thousands more cornpete in marathons all over
the world, and many more than that ozin for long-distance running, though they
will never actually compete. Mot being a runmer, 1 can scarcely comprehend the
attraction of what, to me, seems like 2 particularly agonizing way to spend your
time, Nevertheless, [ do understand that in the human ability to rum for greac
distances—not necessarily quickly when compared to the sprinting abilites of. for
cxample, a horse or a cheetah, but consistendy, over the course of many hours
we are unique among the primates. No monkey or ape species can tun, bipedally
or quadrupedally, for grear distances,

In fact, human physiology seems supremely well adapted to running (Bram-
ble and Lieberman 2004). Running is not just ramped-up walking; it 15 a very
different manner of locomotion made possible by a unique combinatdon of skel-
etal morphology, muscle configuration, and tendon placement (Zimmer 20043,
For example, our tendons are arranged in 2 manner very different from those of
chimps; they ace ke springs, allowing our legs to store enerey with each stride.
L legs are proportionally much longer than those of the apes, allowing for lon-
ger strides and a faster pace, without expending the additional energy required 1o
run faster by moving shorter legs more quickly. Running produces a pounding
on our joints with each stride, but our skeletons are adapted to this as well, The
surfaces where our leg bones meet—itheir articular surfaces—are praportion-
ally broader in humans than in apes, allowing the areat unpacts of runng o be
dampened by spreading them out over a larger arca, Bipedal romning can be an
unsteady way of moving about, and here too humans seem unigquely well-adapred
te maintain stabilite especially with a pelvic configuration that allows for large
and powerful gluteal museles that work to keep us upright,

Gramble and Lieberman point out chat the sheletl fiearures that adapt s s0
well for running are absent even in the demenstrably bipedal australopithecings,
appearing first in Homo habilis, They suggest thar the abiliy to run would have
been highly advantageous both in hunting and in scavenging, Particularly betore
the development of long-distance weaponry—things like bows and arrows, de-
veloped much later—the need o carch up to prey, to get close enough o horl
racks or other projectiles, provided good long-distance runners with 2 decided
adeantage (Carrier 19584). Scavengers, too, benefit from endurance runming; based
on clues provided by smell and the presence of circling vultures, wild dogs and
hyenas regularly run great distances to exploit carcasses {Bramble and Lieberman
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2025510 Hominims who could run grear distances would be able o herer
C :'.‘.;“-::'.‘ with these ather scavengers for access to those carcasses.

o, the next rime you conmpete o marathaon, ur_]'uxt watch one on TV, con-
sder the possibility that the pounding, the agony, and the relentless pushing it

caves to accomplish the run may be made possible because of evolutionary forees

that enabled our ancestors on the plains of Africa more than 2 million vears ago
cnccesstully compete with animals Iarger, stromger, and faster than us.

Were the Early Hominins Hunters?

! likelihood, huntng was not the dominant made of subsistence among our
ot ancient ancestors, Dental morphology shows chat Asdipihess and Chrorir were
Soomsers whe consumed soft Gt and legves, not carnivores who concentrated on
soimmal flesh (Gabbons 2002) The preserved teeth of Ansimlopithecus afarensis imply a
et of mostly frudts, lesves, roots, inseets, and small mammals. The habitas in which
Sesmmilopithens anamensts lved implies 2 diet of fruit, insccts, and small mamemals,
Even tor the toolmaking Home liabilis, there is no evidence that hunting dom-
smared the subsistence quest, Neither the Oldowan choppers nor the used flakes
wld have been handy as spearpoints, Moreover, a detailed taphonomic aly-
onducted by archacologise Lewis Binfosd (1987) has shown thar animal bones

and at early hominin sites typically are not those we would expect to find at
2o hunting camps of proficient hunters, The animal skeletal elements found are
t chose I:]1.'.1I: would have been associated with the best cuts of meat, such as
2 '_;':.' limbs, Binford determined chat the excavaced animal bones were mostly

o limbs and parts of skulls and mandibles, among the least meary of animal
o Moreover, many of the tools Tound at Hopo fbilis sites would have been

e sutable for extracting marrow than for removing meart from bones: marrow
maide the shafts of long bones, typically left behind by carnivores, is a staple for

sy scavengers. Binford concluded from this that carly homining were probably

¢ proficient hurters, but, instead, opportnistic seavengers of the carcasses of

Killed by large carmivores,
[his deesnt mean that our early ancestors weren't capable of huntdng. An-
throp 1‘n-*:*~u Henry Bunn and Ellen Kroll [1986) analyzed stone flakes and bon-;i
wn the Li-million—year-old FLE site in Olduval Gorge and found substantial
=rdence for reliance on meat; bones representing the meatiest parts of aninals
me ample evidence of stone-tool cut marks. The evidence for hunting scems a
s srronger for stall animals, with a pattern of scavenging but also some hunting

€ Lacgrer animals,

W% neadn’t be mao concerned abouc the finer poines of early hominin sub-
cence All researchers would probably agree that hunting was not predominant
e subststenee base of the avstalopithecines or in Flose fabilis, Though e

e o be careful when generaliming from nonhuman primates, we do know
2t cumpanzees in the wild occasionally engage 10 cooperative hunts {Goodall
=0 As paleoanthropologist Daniel Seiles (1991) has pointed out, there is no

coeom o belisve cur hominin ancestors were less capable than chimps in cheir

coiio o plan, coordinate, and carey out a hunt. The firse hominins were not born

Cors, but they probably did relv on meat oo a certain degree, some of it scavenged,

= rom hunting. The carly hominins probably wese opportunistic foragers, tak-
o e harever food they could, whenever the opportunicy presented itself,
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Where Did the Idea for Stone Tools Come From?

It is not mtitively obvious that a more or Joss spherical, relatively small, single
nadule of stone can be transformed into a Livge number of consistently con-
toured stone fakes thar cumulatively provide several feet of sharp ool edge. It
takes some amount of reflection, study and deliberation 1o figure out that stones
with certain properties, when struck in the right way, ar the right place, with just
the right amount of force, and at the right angle can produce useful tools that can
Cur, pletce, or serape [T more effectively and cfficientdy than our teeth and nails,
That Hewme habilis was able o figure this all our is implied by the archacological
recard of Oldowan toals. The question renzing, then, " What might have mspired
our first cool-using ancestors in this intellecoual process?”

Though chimps in the wild have never been observed itentonally modifying
stone to make tools, as mentioned earlier in this chapter, they do use rocks to erack
open hard-shelled maes, Chimps in the Tai Forest of the African natan of Cote
d'lvoire, for example, use extremely hard igneous rocks that they have o collec
from outerops and then travsport to the location of the nut-producing Fada trees
(Mercader, Panger, and Boesch 2002). The chimps position the nuts on bedrock
outcrops or exposed tree roots that serve as anvils and then crack the nues apen by
striking them with the ismeous hammers (Figure 3.20). Occasionally, slices of these
hammiers accidencally Hake off, tnintentionally producing sharp-edged stone Hakes.

This got the researcher of the chimp behavior thinking. Nuts are 2 nurri-
tious and abundant food source, When DPanda maes are in segson i che Tap Faorest,
chimps have been calculaied oo obtain maore than 3,000 calories of food per day
from this food source (Mercader ot al. 2002:1452). The researchers of chimp
nut-crackig sensibly sugsest the possibiliey that some Miocene apes and carly
homming could have exploited the same or similar mut foods in their subsistence
pursuit. The only viable way to access the rich meat of somme specics of nus iy
ter strike the nuts wich 2 hard hammer, Certanly. Miocene hominins might have
practiced the same nut-cracking behavior as the chimps in the Tai Forese. These
same rescarchers have proposed chat nut-cracking hominins might have been
mspired by accidentally breaking their stone hammers and unintentionally pro-
ducing sharp tlakes that could be used a5 tools, Perhaps they recognized the uriliny
of the sharp flakes and then set about the Process of trying Lo figie our how
te intentionally and consistently produce sharp stone Hakes—for butchering an
animal, cutting fiber, and so on. It is intervsting to consider the passibalicy thar che
mvention of stone tools ultimately was the by-product of an accident,

HADAR, LOCATED IN THE ABAR TRIANGLE of northeastern Ethiopia, 1s one of the
most spectacular fossil hominin sites ever excavared. All b aself, the Hadar sice
disproves the nodon thar the pronouncements of paleontologists are based on
a tny handful of unrecognizable bone fragments or indistinguishable teeth. This
one site produced 250 hominin fossil banes representing 14 individual members
af the species Awstralopithecus afarensis { Johanson and Shreeve 1289:21). Perhaps
most significantly, Hadar produced Lucy.

The remains of the fossil that her discoverers named Lucy were found in
1974. Close to one-half of her skeleton was tecovered, including parts of the skull,
the lower jaw;, ribs, vertebrae, arm bones, left innominate, lefi femur fupper leg),
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mamns of 13 more individoals were found, including 9 adults and 4 children.
ubbed “the First Family)” all these indivduals were depasited ar the same time
seem to have died together

The Hadar fossils provided the name for this hominin species, dustralopitheais
sleremsis, after the Afar region of Ethiopia, where the site is located. Lucy and the

crzpter: Dating to more than 3,18 million years ago, these early hominins were,
sssentally, bipedal apes.
Lucy has received most of the attention as a result of her remarkable degree

ot preservation, but her size is not typical of the group found at Hadar. Lucy, an
siuln was tny by modern standands, standing only a litdle over 110 cim (33 [
=l wath an estimated weight of about 30 kg (65 1b), small even by afirensis stan-
Zerds, Bue Lucy s a female in a species that exhibits a large measure of sexual
dimorphism—rhat i5, a big ditference between males and females, For example,
smong gorillas—a species with strong dimorphism—males are commeonly twice
e aze of females. An analysis by Henry McHenry (1991) shows thar sexual
—morphism among the known gfeensis specimens is less than char exhibited
= gorillas and orangutans but more than in chimpanzees and much moers than
= modern human l'.u:ingt where, on average, males are only abour 10% 1o 15%
srzer than females. Lucy falls within the broad range of sizes represenced in the
Szz=t Famly fosals, Though she 3 a small female, she is olearly a female
The Hadar specimens show what these ancient hominins looked like: They
e bipedal. Thetr arms were proportionally longer than those of madern ho-
mmzme wath hands quite moedern in appearance except for fingers that cuded more
“e an apes fingers. Their jaws were an amalzgam of ape and human. They had
se—szzed brains housed in skulls that exlubited large, apelike bony ridges abowe
= eves and a highly prognathous profile,

< Figure 3.20
Chimpanzees living in the
Tai forest of the African
natien of Coe &' hvaire
use rock hammers and
root and stone anvils to
pound cpen nutshells

to extract the rich and
NUCFITIoUS nuomeats. In
this process, chimps may
accidencally break the
stones, producing, again
accidentally, sharp-edged
flakes of stane thar liwer
the surroundings of the
NUL-Processing sTarions.
It is possible thar our
human ancestors used
stones to perform the
same task, producing
flakes thar chey realized
were, themselves, a
valuable byproduct of
the activity, useable as
tools. It may then have
been a shoert intellecoual
leap for cur ancestors to
intentionally and direetly
produce stone tools.
[Kennar Ward)
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Hadar presenes an astonishing picture of more than a dogen mdividuals whe
probably knew each other and perished together in the dim mists of our own be-
ginnings. Like the footprints at Lactoli, they have achieved 2 kind of immortaliny
as a result of the lucky accident of the preservation of their bones. And like the
Laetol prines, that lucky accident affords us, 150,000 generations later, the Tuzxury
e contemplate where and how e bewan.

Summary
Humanity began its evolutionary journey in Africa more than 6 million years
ago asan “upright ape.” Bipedal locomotion—nart brain size or intelligence, the
things chat mast distinguish us from the ather animals—was whar first
differentiated us, the hominins, from the apes. Sahelanthropus, Orrorin, and
Ardipithecus are among the candidares for the designation “aldest hominin,” all
dating to about 6 million years ago. By 4.2 million years ago, Australopithecus
: anamensis certainly was upright and may have been ancestral to all later forms
af hominins. The ability to walk on two feer was advantageous in many ways:
Hominins could travel with greater energy efficiency, which assisted in
scavenging. Hominins seem uniquely adapted for long-distance running, and
this ability to cover great distances may have been highly advantageous. With
the hands freed, they could carry tools to where they were needed and bring
back food to provision the YOUE.
Around 2.5 million years ago, an environmmental change in Africa, sparked
by worldwide cooling, induced a burst of evalution in the hominin family. A
number of varied species branched off fram Australapithecus afarensis after this
time. One branch, Homo habilis, had a brain sjze larger than any ape's. With its
larger brain, Homo habifis was able to produce the first stone tools—simple but
revealing a level of planning and forethought thar reflects the great intelligence
of this first member of our genus.

To Learn More

Technical Summaries

If you are interested in how Ardipithecus is causing paleoanthropologists ro
rethink the origins of the haminin line, look at the suite of articles availzble in
the special, October 2, 2009 issye of Stience magazine.

Popular Summaries

For a terific summary of current thinking about the evolution of the apes, see
David Begun’s (2003) “Planet of the Apes” in Scentific American, As always,
National Geographic presents a superbly illustrated and well-written piece on
the exciting, new discoveries in palecanthropology in an article in its July 20170
issue {Shreeve 2010). The article focuses on Ardipithecus. For very well writcen,
broad discussions of rhe palecanthropology and archacology of the first
hominids, books written by some of the best-known sCientists in the field are
good choices: Donald Johanson and Kate Wong's (2008) Luy's Legagy is a
terrific, recent summary of the story of Lucy’s discovery and her significance in
human evolution evolution. Also, see the beautiful coffee-table book written by
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