
KEY KNOWLEDGE

This chapter is designed to enable students to:
 ■ identify characteristics that de� ne the groups that comprise primates, hominoids 
and hominins

 ■ develop awareness of major trends in hominin evolution, from the genus 
Australopithecus to the genus Homo

 ■ give examples of the structural, behavioural and cognitive changes that have 
occurred in hominin evolution

 ■ compare and contrast biological, cultural and technological evolution
 ■ recognise that the human fossil record provides an explanatory model that is 
subject to revision as new fossils are discovered and as new interpretations are 
developed.

12 Human changes over time

CHAPTER

FIGURE 12.1 All species 
are linked, either closely or 
remotely, depending on the 
time since they shared a 
common ancestor. Species 
are organised into groups, 
such as genera, classes and 
orders, according to their 
shared physical, physiological 
and genetic similarities. Here 
are two members of the order 
Primates.
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Our place in the living world
A visit to a zoo is a great experience. See the big cats, such as lions (Panthera leo) 
and cheetahs (Acinonyx jubatus), and inevitably you will see similarities with 
your pet cat at home. Seeing African painted dogs (Lycaon pictus) or a grey wolf 
(Canis lupus) will remind you of your pet dog. Stand and look at a great ape, 
such as a bonobo or pygmy chimp (Pan paniscus) (see � gure 12.2). It may 
well look back at you with apparent equal interest. You might be tempted 
to say: ‘What is it thinking?’

FIGURE 12.2 A bonobo (Pan paniscus), a member of one of the two species of 
chimpanzee. The other species is the common chimpanzee (Pan troglodytes).

Indeed, studies have shown that chimps are capable of solving complex 
problems, can recognise symbols, and have extraordinary short-term memo-
ries. � is remarkable short-term memory capability was demonstrated by a 
chimp called Ayumu at the Primate Research Institute of Kyoto University in 
Japan. Ayumu can remember the positions on a monitor screen of a sequence 
of nine numbers after being shown them for just one second.

Each di� erent kind of organism is a species. � e species that make up the 
living world are organised into groups that show relationships. How does the 
modern human species (Homo sapiens) � t into this biological classi� cation 
scheme? In the following section, we will explore this.

Classi� cation of the human species
Let’s look at the classi� cation of modern humans. Biological classi� cation is 
based on molecular data as well as structural and physiological data. � rough 
classi� cation, biologists:
•	 put order into the living world
•	 show the relationship between di� erent species
•	 gain insight to the evolution of a species.
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� e animal world is organised into large groups called phyla (singular 
phylum). Members of one phylum share a common ancestor and show simi-
larities in their body structures, both external and internal. About 36 di� erent 
phyla are recognised, and modern humans are members of one of these phyla, 
namely the phylum Chordata. � is phylum includes several classes, including 
the class Mammalia, which includes us — so, we are mammals.

Humans are mammals
Figure 12.3 shows the classi� cation of humans from phylum Chordata to order 
Primates.

CHORDATA

CLASS

PHYLUM

Mammalia Aves

ORDER

SUBCLASS Eutheria Marsupialia

Primates Chiroptera

FIGURE 12.3 Classi� cation of humans from phylum Chordata to order Primates.

Humans, along with about 5400 other animal species, are members of class 
Mammalia within the phylum Chordata (see � gure 12.3). Mammals are the fami-
liar animals that include ourselves, common domestic pets such as cats and dogs, 
and farm animals such as sheep, cattle, pigs, horses and goats. Other mammals 
include species in the wild such as whales, bats, walruses and bears. How many 
di� erent kinds of mammal can you identify in � gure 12.4?

FIGURE 12.4 How many 
different kinds of mammal are 
shown in this image?
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What is a mammal?
� e distinguishing features of mammals are shown in � gure 12.5. Just one of 
these features is su�  cient to identify a mammal. As a result, a fossil jawbone 
or even a few teeth can identify whether an animal is a mammal.

Teeth comprising
incisors, canines,
premolars and 
molarsDiaphragm

separating chest
cavity from 
abdomen

Lower jaw made
of a single bone

Milk-producing
mammary glands

Three bones in
middle ear

Fur or hair over
body surface

FIGURE 12.5 Mammals show a variety of features. Observing just one of these 
features is suf� cient to decide that an animal is a mammal. Some mammals, such 
as whales and dolphins, have lost their covering of hair. Can you suggest why? 
(Image courtesy of Judith Kinnear.)

� e teeth of mammals are typically di� erentiated into incisors, canines, pre-
molars and molars, which, between them, can cut, pierce, grip, shear and grind 
(see � gure 12.6a). In contrast, the teeth of reptiles, such as crocodiles, are essen-
tially simple cones — good for piercing and grasping (see � gure 12.6b). In addition, 
the lower jawbone in reptiles, unlike that of mammals, is made of three bones.

FIGURE 12.6 (a) An example of a mammal, this leopard (Panthera pardus) shows its mammalian characteristics of 
differentiated teeth. Note the small front incisors, large canines and shearing molars (carnassial) teeth at the sides of 
the jaw. (b) An example of a non-mammal, this crocodile shows its undifferentiated conical teeth. What other physical 
features distinguish a member of class Mammalia from a member of class Reptilia?
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Humans are primates
Among the mammals, humans are primates or members of the order Primates.

About 400 di� erent primate species live today on this planet (see � gure 12.7). 
� ey range from the tiny mouse lemur (Microcebus rufus), which has an 
average mass of about 40 grams, to the western gorilla (Gorilla gorilla), with 
the adult male having a mass of about 175 kilograms. Most primates are tree 
dwellers and are found in tropical forest and woodland habitats. As well as 
living species, primates also include extinct species such as Homo erectus and 
various species of Australopithecus.

FIGURE 12.7 Some members of the order Primates. One primate has successfully occupied a wide range of habitats in 
tropical, temperate and polar regions. Which primate is this?

Living primates include:
•	 prosimians — these include lemurs, lorises and tarsiers
•	 New World monkeys, from South and Central America — these include 

capuchin monkeys (Cebus spp.), howler monkeys (Alouatta spp.) and spider 
monkeys (Ateles spp.)

•	 Old World monkeys, from Africa and Asia — these include baboons (Papio 
spp.), mandrills (Mandrillus sphinx), and macaque monkeys (Macaca spp.)

•	 apes — these include gibbons (Hylobates spp.) of South-East Asia, orang-
utans (Pongo pygmaeus) of Borneo and Sumatra, gorillas (Gorilla spp.), 
chimps (Pan spp.) of Africa, and humans (Homo sapiens).

What is a primate?
No single feature is diagnostic of a primate but, taken together, the following 
features identify a primate.
•	 Hands and feet of a primate typically have:

 – � ve digits that can grasp or curl around objects, and primate thumbs 
or big toes (sometimes both) are opposable; that is, they are able to be 
brought into contact with the other digits (see � gures 12.8a and b)

 – � at nails on their digits, and, with the tips of the digits having many touch 
receptors, are able to gain information.

� e term ‘primate’, meaning ‘� rst’ 
or ‘highest’, was given to this group 
of animals by Carl Linnaeus in 
1758. He was the � rst person to 
formally recognise primates as a 
distinct group.

ODD FACT

New World monkeys, from 
South and Central America, 
have nostrils that are widely 
separated and face sideways. 
Old World monkeys, from 
Africa and Asia, have nostrils 
that are closer together and 
face forward or downward. 
New World monkeys have 
prehensile (grasping) tails. 
Old World monkeys have 
tails, but they are not 
prehensile.
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FIGURE 12.8 (a) Hands (at top) and 
feet (at bottom) of three different 
primates: human (Homo sapiens), 
chimpanzee (Pan troglodytes) and 
the greater gibbon or siamang 
(Hylobates syndactylus). Contrast 
these primate hands and feet with 
those of other mammals, such as 
hooves (horse), � ippers (seal), paws 
(dog) and trotters (pig). (b) The 
human hand is capable of a power 
grip (with the bar) and a precision 
grip (with the key). In which grip is an 
opposable thumb most critical?

Hands

Human Chimpanzee Siamang

Feet

(a) Power grip

Precision grip

(b)

•	 Primates have an emphasis on vision. � ey have:
 – large forward-facing eyes that give stereoscopic (3D) vision (see � gure 12.9)
 – colour vision because they have three types of cone in the retinas of 

their eyes
 – a protective bone at the outer side of the eye socket.

FIGURE 12.9 Stereoscopic vision results from 
forward-facing eyes. The zone marked ‘3D’ is the 
part of the visual � eld where depth of perception is 
possible.
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Of the primates, only humans 
have white sclera around the 
irises of their eyes. This feature 
enables people to tell when 
someone is looking at them.
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•	 Primate skeletons have � exibility adapted to life in the trees, such as the 
ability to rotate the arm in the shoulder socket so that the arm can extend 
behind the body.

•	 Compared to other mammals, primates have large brains relative to their 
body sizes — we primates are more brains than brawn! In addition, when 
a primate brain is compared to a brain of similar size from a nonprimate 
mammal, the primate brain is seen to have several times as many neurons 
as the nonprimate brain. Primate brains have a greater concentration of 
neurons per unit volume of brain tissue than is the case for nonprimates. 
Table 12.1 shows a comparison between the brains of several monkey 
species and brains of several rodent species. Note in particular the com-
parison between the capybara brain and that of the smaller brained capuchin 
monkey. Likewise, check the agouti brain with that of the similar-sized brain 
of the owl monkey.

TABLE 12.1 Comparisons of the mass and the total number of neurons in brains 
from primates and from nonprimates, in this case rodents. (Data from Herculano-
Houzel, S. Frontiers in Human Neuroscience 9 November 2009.)

Species 
Rodents

Brain mass
 (gram)

Neurons
(millions) Species Primates

Brain mass
(gram)

Neurons
(millions)

* rat  1.8  200 •	 owl monkey 15.7 1468

* guinea pig  3.8  240 •	 squirrel monkey 30.2 3246

* agouti 18.4  857 •	 capuchin monkey 53.2 3690

* capybara 76.0 1600 •	 macaque monkey 87.4 6376

•	 Primates are social mammals and typically live in groups that, depending 
on the species, may be as large as a troop of several hundred animals or as 
small as a pair (see � gure 12.10).

FIGURE 12.10 Primates, like these lemurs, are social mammals.
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•	 Primates have a relatively long gestation period compared to nonprimate 
mammals (see table 12.2). � is longer gestation period allows for the more 
extensive fetal brain growth of primates. Primates typically produce a single 
young at each birth and provide parental care for an extended period 
(see � gure 12.11), the longest period being in the case of human young.

TABLE 12.2 Gestation periods for several mammals. Note that, for similar maternal 
body mass, a primate has a longer gestation period than a nonprimate mammal.

Mammal
Average mass of 
adult female (kg)

Average 
gestation (days)

Primates

 ring-tailed lemur (Lemur cotta) 2.2 120

 owl monkey (Aotus trivirgatus) 0.7 133

 white-cheeked gibbon 
 (Hylobates concolor)

7.5 210

 chimp (Pan troglodytes) 40 237

 orang-utan (Pongo pygmaeus) 36 251

 human (Homo sapiens) 60 265

Nonprimates

 mouse (Mus musculus) 0.3 21

 cat (Felis catus) 5 60

 sheep (Ovis aries) 70 150

Humans are hominoids
Among the primates, humans are hominoids or members of the superfamily 
Hominoidea. Figure 12.12 shows the classi� cation of members of the order 
Primates to the level of superfamily Hominoidea. Humans share member-
ship of the superfamily Hominoidea with the lesser apes (gibbons, siamangs) 
and the other great apes (chimps, gorillas, orang-utans). So, all the apes are 
hominoids.

PRIMATES

SUPERFAMILY

Common
names

Lemurs

‘Prosimians’

SUBORDER

ORDER

Strepsirrhini Haplorhini

Cercopithecoidea Hominoidea

‘Hominoids’

Ceboidea

Old World
monkeys

Apes and
humans

New World
monkeys

Lemuroidea

Lorises Tarsiers

Lorisoidea Tarsioidea

FIGURE 12.12 Classi� cation of primates to the level of superfamily. Note that 
some additional levels of classi� cation are formed using pre� xes such as ‘sub’ 
and ‘super’. With which other animal groups do humans share membership of the 
superfamily Hominoidea?

In the Strepsirrhini group, the 
upper lip is � rmly connected to 
the gums by a fold of tissue. As 
a result, the upper lips of lorises 
and tarsiers are far less mobile 
that those of monkeys and apes, 
making their faces less expressive 
than the Haplorhini, which have a 
free upper lip.

FIGURE 12.11 All primate 
species, including the orang-
utan, have a relatively long 
gestation period. Primates 
care for their young for an 
extended period after birth. 
Caring principally involves the 
mother but may also involve 
other female members of the 
social group.
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Note that the superfamily Hominoidea does not include 
monkeys. Can you tell a monkey from an ape? Easy! Monkeys 
have tails and narrow chests. In contrast, apes are tailless and 
have wide chests (see � gure 12.13).

What is a hominoid?
� is taxonomic group, superfamily Hominoidea, includes all 
those primates that � t the biological de� nition of ‘ape’. � is 
means that the hominoids include the following living species: 
gibbons (14 species), orang-utans (2 species), gorillas (2 species), 
chimps (2 species) and humans.

Features common to hominoids that separate these apes from other pri-
mates include the following distinctive structural features:
•	 hominoid brains, which are larger and more complex than those of other 

primate groups
•	 presence of relatively broad palates and broad nasal regions
•	 distinctive molar teeth in the lower jaw with � ve cusps (raised bumps) 

arranged in a ‘Y5’ pattern (see � gure 12.14)
•	 relatively long upper limbs
•	 ribcage that creates a wide chest
•	 axial skeleton that shows a reduced lumbar spine, an expanded sacrum and 

absence of a tail
•	 shoulder joints that permit the arms to be rotated around the shoulders, as 

in an overarm serve or bowling action.
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FIGURE 12.14 Diagram showing an 
example of the Y5 pattern of � ve cusps 
(raised bumps) on the upper surface of 
a molar of a modern human. This molar 
pattern is also seen in apes.

Humans are hominins
Figure 12.15 shows the classi� cation of hominoids or members of superfamily 
Hominoidea to the level of genus. Classi� cations are not � xed, but are subject 
to review and revision that can occur when new information comes to hand 
or when new interpretations provide a better explanation than the ones that 
they replace. Go to the box at the end of this section to see an example of how 
classi� cations can change. Older classi� cations placed modern humans on 
their own in the taxonomic group, family Hominidae, identifying us as the only 
living hominid species.

Modern classi� cation places humans in the taxonomic group known 
as tribe Hominini; that is, humans are hominins. It is only at this level of 
classi� cation that humans are separated from all the other great apes. Based 
on this classi� cation, members of the genus Homo (humans) and their extinct 
erect-walking ancestors are termed hominins. Note that our closest living rela-
tives are members of the tribe Panini, which includes the common chimp 
(Pan troglodytes) and the bonobo or pygmy chimp (Pan paniscus).

ODD FACT

The action in a typical 
overarm tennis serve is 
possible only because the 
human shoulder joint permits 
the arm to be swung back 
behind the body. This is a 
relic of ‘brachiation’ in our 
primate ancestors — the 
ability to move by swinging 
from tree branches. All 
apes (and a few New World 
monkeys) can do this.

Unit 4 Hominoids and 
hominins
Summary 
screen and 
practice questions

AOS 1

Topic 4

Concept 2

Where’s my tail??
Oh, that’s right,

I’m an ape!

FIGURE 12.13 Apes can be 
distinguished from monkeys 
by their wide chests and lack 
of a tail.
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SUPERFAMILY Hominoidea

Hylobates Pan

ChimpsGibbons
Siamangs

Homo

Humans

FAMILY

SUBFAMILY

TRIBE

GENUS

Homininae

Hylobatidae Hominidae

Ponginae

PaniniGorillini Hominini

Pongo

Orang-utans

Gorilla

Gorillas

FIGURE 12.15 Classi� cation of members of superfamily Hominoidea to the level 
of genus. Based on this classi� cation, which group of great apes is most closely 
related to humans? Tribe Hominini includes modern humans as well as their 
extinct erect-walking ancestors; they are called hominins.

The currently accepted classi� cation of modern humans starting at phylum 
Chordata is shown in � gure 12.16.

PHYLUM: Chordata

ORDER: Primates

SUB-ORDER: Haplorhini

INFRA-ORDER: Catarrhini

SUPERFAMILY: Hominoidea

FAMILY: Hominidae

SUB-FAMILY: Homininae

TRIBE: Hominini

GENUS: Homo

SPECIES: sapiens

FIGURE 12.16 Modern classi� cation of the human species. How would the 
classi� cation of a chimp differ?

What is a hominin?
A person walks across a room, sprints for a bus, stands in a queue. Each of 
these actions demonstrates that humans are hominins. � e term hominin 
refers to the modern human species and our extinct close relatives that 
could walk erect on their hind legs in a sustained fashion. Such species have 
bipedal (meaning ‘two-footed’) locomotion, in contrast to other primates that 
walk on four limbs and are said to be quadrupedal (meaning ‘four-footed’). 

Members of tribe Hominini are 
called hominins, while members 
of the family Hominidae are called 
hominids.
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� e great apes, such as gorillas and chimps, typically walk with their 
knuckles on the ground (see � gure 12.17).

Footprints from the past
So how can we tell whether a fossil species walked erect?

Evidence of erect or bipedal walking can come from:
•	 	the	 position	 of	 the	 hole	 (foramen	magnum)	 in	 the	 base	 of	 the	

skull (see � gure 12.25a on page 558)
•	 	the	arrangement	of	femur	and	tibia	(see	fi	gure	12.31	on	page	562)
•	 	the	shape	of	the	pelvis	(see	fi	gure	12.28	on	page	560).

Other dramatic evidence for the erect walking of species within 
the genus Australopithecus comes from fossilised footprints. A trail 
of fossilised footprints extending for more than 20 metres was dis-
covered in Laetoli in northern Tanzania in 1978. � e co-discoverer 
of these footprints was Mary Leakey (see � gure 12.18), a member of 
the Leakey family, three generations of whom have been active in 
the search for and discovery of hominin fossils.

� e footprints were made one day about 3.6 Mya. One or pos-
sibly two adult hominins and a juvenile walked across a surface 
covered in damp volcanic ash (see � gure 12.19). � e sun dried 
the wet ash, preserving the footprints. � ese impressions were 
later covered by more volcanic ash and the material became com-
pacted and hard. � e feet that made these prints were like our feet, 
with the big toe parallel to the other toes. In contrast, footprints 
of African apes would show an opposable big toe (refer back to 
� gure 12.8a on page 546).

FIGURE 12.19 The Laetoli footprints. This fossil evidence captured in rock 
supports the conclusion that hominins walked upright about 3.6 million years 
ago. These footprints were probably made by ‘Lucy-type’ hominins of the 
species Australopithecus afarensis, an erect-walking prehuman species.

FIGURE 12.17 Gorillas use a so-called 
‘knuckle walk,’ as do chimps.

FIGURE 12.18 Mary Leakey, 
who worked for many years 
searching for hominin fossils. 
The Leakey family comprised 
Louis (1903–1972), his wife 
Mary (1913–1996), their sons 
Jonathan and Richard, their 
daughter-in-law Maeve, and 
their granddaughter Louise.
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Classi� cations can change
Classi� cations are not � xed and unchanging. Classi� cations can change as 
additional information becomes available. Prior to 1980, for example, the 
accepted classi� cation scheme identi� ed humans as the only members of 
family Hominidae (see � gure 12.20). � is classi� cation was based only on 
comparative anatomy and physiology and is no longer the commonly accepted 
view.

FAMILY

GENUS

ExamplesExamples

SUPERFAMILY Hominoidea

Hylobatidae

Hylobates Pongo Pan

Common
and pygmy
chimps

Gibbons
Siamangs

Orang-utans

Homo

Humans

Gorilla

Gorillas

HominidaePongidae

FIGURE 12.20 A pre-1980 classi� cation of the human species. This traditional 
classi� cation placed humans in their own family (family Hominidae) and 
separated us from the other great apes.

According to this ‘old’ scheme, humans were the only living members of 
family Hominidae and were termed hominids. � e other great apes were all 
members of the family Pongidae and they were termed pongids. However, mol-
ecular analysis, including genome sequencing, has identi� ed a much closer 
relationship between humans and the other great apes so that they are now all 
placed in the family Hominidae (refer back to � gure 12.15).

So, in the past, the term hominid referred to humans and their erect-walking 
ancestors, but hominin is now the preferred term that refers to this group (see 
� gure 12.21). Are you a hominid or a hominin or both?

We’re both hominids
but she’s also a hominin!

Am I a hominid
or a hominin?

FIGURE 12.21 Both the chimp and the person are members of the family 
Hominidae and so each is a hominid. Only the person is a member of the tribe 
Hominini and is the only living hominin.
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KEY IDEAS

 ■ Humans are members of the class Mammalia and share a distinctive set of 
features with all other mammals.

 ■ Humans are members of the order Primates and share a distinctive set of 
features with all other primates.

 ■ Humans and the other apes are members of the superfamily Hominoidea, 
and are called hominids.

 ■ Humans are the only living members of the tribe Hominini, and are called 
hominins.

 ■ Hominins, both living and extinct, are distinguished by the ability to walk 
upright.

 ■ The term hominin includes modern humans and extinct species of the 
genus Homo and the genus Australopithecus.

 ■ Classi�cation schemes are not �xed but may change when new 
information becomes available or when new interpretations that provide 
better explanations are formulated.

QUICK CHECK

1 Identify the following as true or false:
a Chimpanzees have skeletal features that equip them for routine upright 

walking.
b The ability to walk upright is a distinctive feature of all hominins.
c All primates would be expected to show all the characteristic features of 

Class Mammalia.
d A monkey would be expected to have a greater brain mass than a dog 

with the same body mass.
e A mammal with stereoscopic vision must be a primate.
f Primate brains are characterised by a higher density of neurons than that 

in the brains of nonprimates.
2 What is the difference between:

a a hominin and a hominid
b bipedal and quadrupedal locomotion
c an Old World monkey and a New World monkey
d a monkey and an ape?

3 List three features that are characteristic of primates.
4 What is a power grip?

Evolution of the primates
Humans are primates. What do we know about the evolution of the primates?

Today’s primates include lemurs, tarsiers, New World monkeys, Old World 
monkeys and various apes, including humans. All the di�erent kinds of 
primate living today gradually evolved over a period of at least 65 million years 
from ancestral primates.

At di�erent times in the past, one line split or diverged to give rise to two 
di�erent evolutionary lines, and so on. �e form that is ancestral to two lines is 
said to be the common ancestor of the organisms that later evolved from these 
two lines. �e times of divergence of various primate groups from a common 
ancestor have been inferred by comparing the groups in terms of their struc-
ture and shape (morphology) or in terms of the composition of particular 
proteins that they share (biochemical analysis), and in terms of similarities in 
their genome sequences and the organisation of their chromosomes. (Refer 
back to chapter 11, page 511.)
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An early divergence produced one line that led to the primates represented 
today by lorises and tarsiers, which form a group known as prosimians (sub-
order Strepsirrhini), and the other line giving rise to the ancestral primates of 
suborder Haplorhini. Another divergence produced two lines, one leading to 
the New World monkeys and the second giving rise to the today’s Old World 
monkeys and apes. � e latter line subsequently diverged to produce the Old 
World monkey line (superfamily Cercopithecoidea) and the ape line (super-
family Hominoidea).

When the morphology and blood protein composition of the various apes 
were compared, it was concluded that the gibbon line diverged possibly 
18 Mya, and the orang-utan (Asian ape) line possibly 14 Mya. Finally, the evo-
lutionary line that led to humans diverged from the line that was ancestral to 
the African apes, � rst from the gorilla line (now represented by two species: 
Gorilla gorilla, the western gorilla, and Gorilla berengi, the eastern gorilla) and 
then from the chimp line (now represented by two species: Pan paniscus, the 
bonobo, and Pan troglodytes, the common chimp).

� e phylogenetic tree of the major primate groups is well established, 
meaning that the order of the various divergences between these groups is 
accepted (see � gure 12.22). However, universal agreement does not exist for 
the times of these divergences. Why? Genes (and their protein products) do not 
change at constant rates. � is means that disagreements can arise, for example, 
when di� erent scientists estimate times of divergence based on di� erent 
molecular data. (Molecular data used to estimate divergence times include 
sequence changes in nuclear DNA or in mitochondrial DNA or in proteins.)
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FIGURE 12.22 One representation of the inferred evolution of primates. The 
pattern of divergence (‘splits’) of the various lines is universally agreed. Note that, 
based on different methods, the estimated times of divergence can differ (see 
marginal note for later estimates).

When scientists talk about the ‘human’ line diverging from the African ape 
line, this does not mean that humans evolved from chimpanzees or gorillas. 
It means that, at some time in the past, the ‘human’ line and the ‘African ape’ 
line shared a common ancestor. � is common ancestor gave rise to two lines 
that evolved along di� erent pathways, occupied di� erent habitats and were 
subject to di� erent selection pressures. � e ‘human’ line evolved over millions 
of years and among its early representatives were prehuman hominins of the 
genus Australopithecus. Today, this evolutionary line is represented by one 
species, modern humans (Homo sapiens). � e ‘chimp’ line, which evolved over 
the same period, is represented today by two species of chimp, the bonobo 
(Pan paniscus) and the common chimp (Pan troglodytes).

ODD FACT

An article in Nature (15 May 
2013) reported the discovery 
of primate fossils that 
provides evidence for the 
split of the Old World monkey 
(OWM) line from the ape line 
approximately 25 Mya.

Estimates of divergences: 
•	 human–chimp:	6	Mya
•	 human–gorilla:	7	Mya
•	 human–orang-utan:	13	Mya
•	 human–OWM:	23	Mya
•	 human–NWM:	33	Mya
Ref: Glazko, G.V. and  Nei, M. 2003,  
Mol Biol Evol 20, pp. 424–34.
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When did the ‘human’ line diverge?
� e ‘human’ line means an evolutionary line that 
� nally led to humans via ancestral hominins, prob-
ably including ones of the genus Australopithecus, 
such as Lucy. When did this line diverge from the line 
that gave rise to the modern chimps?

� e answer to this question can only be inferred. 
However, the time since divergence of the ‘human’ 
line from the African ape line can be estimated 
using the molecular clock principle formulated by 
Vincent Sarich and Allan Wilson in 1967. � e mol-
ecular clock principle assumes that changes in a 
given protein occur at a constant rate over time so 
that the greater the number of di� erences in the 
same protein from two di� erent species, the longer 
the period since divergence of the ancestral lines of 
those species.

Using the di� erences in the amino acid sequences of the same protein from 
humans and from chimps, Sarich and Wilson estimated that the human line 
diverged from the African ape line about 5 to 7 Mya; that is, the last common 
ancestor (LCA) of humans and African apes lived about 5 to 7 Mya. 
Comparisons of the DNA sequences of the living apes performed later also 
gave a similar result for the postulated time of divergence. Another view, 
taking into account the fact that the molecular clock does not run at a constant 
rate, suggests that this divergence might have occurred no earlier than 7 Mya, 
perhaps in the period 7 to 10 Mya.

When did the � rst humans appear?
� ere is no universal agreement about the precise evolutionary history of our 
human species. However, there is agreement that small-brained hominins sep-
arated from the line that led to the gorillas and chimpanzees, possibly about 
7 to 10 Mya, and developed the ability to walk erect. It is agreed that these 
hominins gradually became less ape-like and more human-like as generations 
of hominins spent more time at ground level and were subjected to various 
selection pressures, including climate change. Note that these � rst hominins 
were not humans; that is, they were not members of the genus Homo. Instead, 
they were prehuman hominins, one major group being members of the genus 
Australopithecus (see below).

Over millions of years following the divergence of the human line from the 
African ape line, the fossil record reveals many changes that occurred over 
time in these prehuman hominins, as follows:
•	 their brains enlarged
•	 their faces shortened and � attened
•	 their jaws and teeth became smaller
•	 their legs grew longer and became much stronger than their arms
•	 their feet became longer and developed arches
•	 their ability to fashion tools began.

Finally, some hominins reached a stage where they were identi� ably human 
and could be classi� ed as members of genus Homo. � ese � rst members of 
genus Homo were not modern humans like us, but they had features that dis-
tinguished them from prehuman hominins and quali� ed them as human. 
Many di� erent Homo species evolved before the emergence of our species, 
Homo sapiens. We will explore the transition from prehuman hominin to 
human later in this chapter (see page 574).

Fossil evidence announced in 2015 now places the time of appearance 
of the � rst members of genus Homo at about 2.8 Mya. � is fossil, a human 

FIGURE 12.23

� e molecular clock concept was 
discussed in chapter 11, page 518.
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jawbone, was found in Africa, in the Afar region of Ethiopia about 20 kilo-
metres from where the Lucy fossil was found in 1974, and its discovery has 
pushed back the appearance of the �rst humans in the fossil record by almost 
half a million years. �e previous oldest human fossils were dated at 2.3 million 
years old.

In the next section, you will meet some famous prehuman hominin fossils 
and identify some key locations where hominin fossils have been found.

KEY IDEAS

 ■ Living primates evolved from an ancestral primate species over a period 
starting from at least 65 Mya and perhaps as long as 85 Mya.

 ■ During primate evolution, lines that gave rise to different groups of modern 
primates diverged at various times.

 ■ The molecular clock estimates the line that led to modern humans 
diverged from the line that led to modern chimps about 5–7 Mya.

 ■ Estimates of times of divergence use molecular data such as changes in 
DNA sequences and in the amino acid sequences of proteins.

 ■ Fossil evidence reveals a series of gradual physical changes in the early 
prehuman hominins making them less ape-like and more human-like.

 ■ The �rst members of the genus Homo appear in the fossil record about  
2.8 Mya.

QUICK CHECK

5 Identify the following as true or false:
a The line that gave rise to Old World monkeys diverged after the 

appearance of the line that gave rise to orang-utans.
b The oldest monkey fossil would be expected to be more recent than the 

oldest ape fossil.
c Humans evolved from chimps.
d The line that gave rise to modern gibbons diverged from the ape line 

before the orang-utan line.
e The oldest fossils of Homo sapiens are dated at about 2.8 million 

years old.
6 Identify one line of evidence that may be used to estimate divergence times.
7 Identify three changes that can be seen in the prehuman hominin fossils 

over time.

Hominin evolution: where did it begin?
With the acceptance of Charles Darwin’s theory of evolution by the late nine-
teenth century, the scienti�c world awaited the discovery of the so-called 
‘missing link’ that would be neither ape nor human but would be intermediate 
between both.

Based on physical and behavioural similarities that he observed between 
humans and modern African great apes, Darwin speculated that Africa was the 
cradle of humanity. Other scientists at that time thought that the Asian orang-
utan was the closest relative of the human species and that Asia was where the 
human species had evolved from prehuman ancestors. So, where did hominin 
evolution begin?

Until the late nineteenth century, no hominin fossils had been discovered 
that might provide evidence to resolve this question and distinguish between 
the Africa and the Asia alternatives. �e discovery of the fossil known as 
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Java Man (Homo erectus) in Trilin, Indonesia, in 1891 gave ammunition to the 
proponents of an Asian origin of the hominins.

However, it was the discovery of a fossil in a quarry in South Africa in 1924 
that provided the � rst evidence that led to the conclusion that Africa was the 
continent where the earliest hominins emerged and where the line that led to 
human species diverged from prehuman hominins. � is fossil, as well as later 
fossil discoveries in Africa, showed more primitive features than any hominin 
fossils found in Asia. � ese African fossils, in terms of both their physical 
features and their estimated ages, were undoubtedly prehuman hominins that 
lived far earlier than any Asian fossil candidate. Let’s meet some of these sig-
ni� cant fossils.

The child from Taung
It is November 1924. An explosion rings out in a limestone quarry at Taung 
in Cape Province in South Africa. One rock fractured by the explosion reveals 
part of a skull and, remarkably, a petri� ed replica of a brain. Sixty years later, in 
1984, this fossil skull, known as the Taung child, will be labelled as one of ‘the 
twenty discoveries that changed our lives in the twentieth century’! Why?

� e skull in the rock was taken to Johannesburg and given to Raymond Dart, 
a 32-year-old Australian who was Professor of Anatomy at the University of 
Witwatersrand (see � gure 12.24). Because of his training in neuroanatomy, 
Dart’s attention was drawn to the structure of the brain, which he immedi-
ately realised was di� erent from that of living apes. He painstakingly extracted 
the remainder of the fossil from the rock and carefully examined the cranium 
(brain case) and the mandible (lower jaw).

FIGURE 12.24 Professor 
Raymond Dart identi� ed and 
named the hominin species 
Australopithecus africanus 
based on his analysis in 1924 
of the fossil skull of the Taung 
child. This photo shows Dart 
in 1978 with this skull. Dart 
was a palaeoanthropologist 
(from the Greek: palaeo- = 
ancient; anthropos = man; and 
logia = branch of knowledge).

ODD FACT

Raymond Dart (1893–1988) 
came from a cattle-raising 
family in rural Queensland. 
He is reputed to have 
neglected his farm duties 
one afternoon because he 
was dissecting a rooster. 
Dart graduated from the 
University of Queensland and 
then went to the University of 
Sydney where he completed 
a medical degree in 1917.
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Because the molar teeth were just erupting, Dart concluded that the fossil was 
that of a child and, because it possessed both ape-like features and human-like 
features, Dart concluded that the fossil skull was intermediate between living 
apes and humans (see table 12.3). � e Taung child was classi� ed by Dart as a new 
species and he gave it the scienti� c name Australopithecus africanus ( = ‘southern 
ape from Africa’).

TABLE 12.3 Some comparisons between a human skull and those of the Taung 
child and a gorilla.

Feature Gorilla Taung child Human

brain size small larger largest

size of canine teeth largest small smallest

shape of dental arch box-shaped more rounded parabolic 

gap (diastema) in 
tooth rows

present absent absent

position of foramen 
magnum

towards back of skull further forward most forward

From the evidence of the position of the foramen magnum (= ‘big opening’) 
on the undersurface of the cranium (see � gure 12.25a ), Dart concluded that 
the Taung child walked upright. � e foramen magnum is the hole at the bottom 
of the cranium where the spinal cord leaves the brain and enters the vertebral 
column (backbone). Its position indicates how the skull sat on the vertebral 
column. Where the foramen magnum is towards the front, the organism walks 
upright; where it is at the back of the skull, the organism walks stooped on 
all fours.

Foramen
magnum

(a)

(b)
Gorilla Homo

sapiens
Australopithecus africanus

Foramen
magnum

FIGURE 12.25 (a) Basal 
view of cranium showing 
the relative position of the 
foramen magnum. Notice that 
the position is much further 
forward in humans, who walk 
erect, than in gorillas, who 
typically walk on all fours. 
In A. africanus, the position 
of the foramen magnum is 
closer to the front than in the 
gorilla and indicates that this 
species could walk upright. 
(b) Side view showing skull on 
vertebral column.

Also, refer to � gure 12.25a above and look carefully at the upper jaw of each 
cranium, noting the shape formed by the teeth, the so-called dental arch. � e 
shape of the dental arch in the gorilla is box-like and forms three sides of a 
rectangle. In contrast, the shape in the Taung child species (Australopithecus 
africanus) is more rounded, and the shape in a human is parabolic (as listed in 
table 12.3 above).

In February 1925, Dart’s report on the skull was published in the journal 
Nature. His conclusion that the Taung child represented a new species and was 
a link between apes and humans was rejected by the leading British scientists 
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of that time. As a result, the Taung child fossil was 
ignored until 1947. In that year, Le Gros Clark, a 
leading British scientist from Oxford University, 
visited Johannesburg where he examined many 
fossils, including the Taung child. He realised that 
this fossil was not an ape and that it had several 
human-like features. � is fossil was again back in 
the spotlight as an accepted hominin on the human 
evolutionary line. Being on the human evolutionary 
line does not make a species a direct ancestor of the 
modern human species. � is evolutionary line is not 
a straight line (like a pole), but is highly branched 
(like a bush), with many dead ends.

� e Taung skull was the � rst hominin fossil to be 
discovered in Africa. It provided the earliest physical 
clue to possible ancestors of the human species and 
is now regarded as one of the twentieth-century dis-
coveries ‘that changed our lives’. Because quarrying 
destroyed the exact location where it was found, the 
age of the Taung fossil could not be determined pre-
cisely but it was estimated at 2.8 million years old.

� e Taung child was not human like us. It 
was a hominin species within an extinct genus 
(Australopithecus), which, along with species in our 
genus (Homo), could walk erect.

Go to the box at the end of this section to read why 
the leading scientists of the time rejected the pro-
posal that the Taung child fossil was a hominin.

Then came Mrs Ples
Another hominin fossil hunter was Dr Robert Broom 
(1866–1951), a Scottish doctor (see � gure 12.26). 
Broom was nearly 70 in 1936 when he and a 
co-worker unearthed a fossil skull at Sterkfontein, 
South Africa. Broom recognised that this skull was 

very similar to Dart’s Taung child fossil. � e skull was later identi� ed as that of an 
adult of the same species as the Taung child, namely Australopithecus africanus.

A comparison of the skull of an adult Australopithecus africanus with those 
of a chimp and a modern human is shown in � gure 12.27.

(a) Chimp (b) Australopithecus africanus (c) Human

FIGURE 12.27 Disarticulated skulls of (a) chimp (Pan troglodytes), (b) adult 
Australopithecus africanus, and (c) human (Homo sapiens) (not drawn to same scale).

FIGURE 12.26 Photograph of Robert Broom (seated at 
right) and a few of his fossil specimens and drawings. As 
well as his discoveries of Australopithecus africanus fossils, 
Broom also found fossils of another hominin, which he 
called Paranthropus robustus. This species is characterised 
by heavier facial bones and very large molar teeth.
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In 1947, Broom, then in his eighties, and a co-worker found the � rst partial 
skeleton of an A. africanus fossil. � is fossil is commonly known as Mrs Ples 
and has been dated at 2.5 to 2.1 Myr old. (Can you suggest why this fossil might 
have been identi� ed as that of a female, rather than a male?)

� e structure of its pelvis con� rmed that this species was capable of bipedal 
locomotion (see � gure 12.28). � is conclusion had already been reached based 
on the position of the foramen magnum in the fossil skulls found earlier (refer 
back to � gure 12.25a).

FIGURE 12.28 Structure of the pelvis of (a) a chimp, (b) Australopithecus africanus, and (c) a modern 
human. In hominins, which can walk erect, the pelvis is bowl-shaped and the hip bone is short compared 
to that of the chimp. Note the similarities in (b) and (c), which indicate that Australopithecus africanus was 
capable of bipedal locomotion.

(a)

(b) (c)

� e Taung child and the Mrs Ples fossils are hominin species classi� ed as 
Australopithecus africanus. � ese fossils provided evidence that Africa was where 
the early hominin species appeared. Members of this species lived from about  
3 million to 2 million years ago. What came before these hominins? It was the dis-
covery of another hominin fossil, in 1974 in the Afar Triangle region of Ethiopia, 
that provided evidence of the existence of another member of this genus that lived 
even earlier. � is hominin has the scienti� c name Australopithecus afarensis, and 
is popularly known as Lucy. Meet her in the following section.

Lucy from the Afar Triangle
It is 1974. A group of scientists are on a � eld trip in the Afar Triangle, a remote 
area of Ethiopia about 160 kilometres north-east of Addis Ababa. Donald 
Johanson, leader of the expedition, drives to an ancient lake bed to look for 
fossils. By noon, the temperature is nearly 44 °C. In a gully he � nds part of an 
elbow joint, then part of a skull, a femur (thigh bone), several vertebrae, parts 
of a pelvis (hipbones), some ribs, and other bones and bone fragments. � e 
impact of this remarkable discovery gradually dawns on Johanson. He has 
found bones from the skeleton of a single individual.

Eventually, Johanson’s team excavated several hundred pieces of bone that 
formed about 40 per cent of an entire skeleton (see � gure 12.29). � e skeleton was 
that of an ape-like creature who walked erect, who was a little more than one metre 
tall, and who lived in this part of Africa about 3 million years ago. Because part of the 
pelvis was present, it was possible to identify the bones as being from a female. � e 
condition of her teeth suggested she was 25 to 30 years old when she died.

� is fossil skeleton was given the popular name Lucy. Lucy was not a human 
but a hominin. Lucy is classi� ed as a member of the species Australopithecus 
afarensis. Lucy is accepted by many palaeoanthropologists as being a possible 
early ancestor of the human species and on the direct line from which the � rst 
human species gradually evolved.
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FIGURE 12.29 (a) The remarkable hominin skeleton of Lucy, possibly a direct ancestor of the human 
species. (Image (a) courtesy of the Institute of Human Origins.) (b) A reconstruction of Lucy. This fossil 
skeleton obtained its popular name of ‘Lucy’ because, during the celebrations that occurred on the 
evening of her discovery, a tape recorder was playing the Beatles song ‘Lucy in the sky with diamonds’.

(b)(a)

When a fossil is found, the story that it tells is not apparent without 
careful examination and interpretation. We will now look at how the 
story of Lucy was revealed through the use of various techniques.

When did Lucy live?
It is estimated that Lucy lived about 3 million or so years ago. � e 
age of Lucy was determined indirectly by using the decay of radioac-
tive isotopes to measure the ages of layers of volcanic material that 
lay above and below the sediment in which the fossil skeleton was 
located (see � gure 12.30).

Did Lucy walk erect?
In primates that walk erect, such as humans, the femur (thighbone) 
is at an angle to the tibia (shinbone) (see � gure 12.31a). As a result, 
our knees and feet lie below the centre of mass of the body, and 
the main weight of the body falls on the outside of the knee joints. 
� is arrangement, combined with a locking knee joint, enables us 
to stand erect with straight thighs and to walk erect because we can 
support our body weight on one leg as the other leg steps forward.

� e angle made by the vertical with the femur forms the bicon-
dylar angle (see � gure 12.31b). In modern humans, the bicondylar 
angle is in the range of 8 to 11 degrees.

FIGURE 12.30 Simpli� ed version 
showing sediment interspersed by 
layers of volcanic debris known as 
tuff. Because the tuff layers result from 
volcanic activity, they can be accurately 
dated using radiometric dating. Bones 
found within a tuff layer are assumed to 
have the same age as the tuff layer.
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Human

Femur

Tibia

Lucy Chimp

(a) (b)

Bicondylar
angle

FIGURE 12.31 (a) Arrangement of femur and tibia in (at left) a modern human, (at centre) in Lucy, and 
(at right) in a modern chimp. Note the outward slant of the femur relative to the tibia of the human and of 
Lucy, as compared with the straight-line arrangement of the chimp. (b) Viewing the bicondylar angle.

Chimpanzees (and the other great apes) cannot walk erect for a sustained 
period. � eir femurs and tibias join in a straight line (see � gure 12.31a, at 
right). � e bicondylar angle in these prehuman great apes is about 1 degree. 
As a result, when erect, the knees and feet of the great apes lie outside the 
centre of mass of the body, and the main weight of the body falls on the inside 
of the knee joints. In attempting to walk erect, chimps lean forward with 
widely spaced legs and feet. � eir natural mode of locomotion is a so-called 
knuckle walk in which the back feet and the knuckles touch the ground.

In Lucy’s skeleton, the femur is angled out from the line of the tibia and pro-
vides evidence that she walked erect (see � gure 12.31a, at centre). In Lucy’s 
kind (Australopithecus afarensis), the bicondylar angle is larger, about 14 to 
15 degrees. � is angle is greater than in humans. � is is the case because Lucy 
and her kind were much shorter than modern humans and a greater angle is 
required to bring the centre of mass within the outline of the feet.

Another fossil knee joint from about 3.5 Mya also shows that same angled 
arrangement of femur and tibia. So, erect-walking primates have existed in 
Africa for at least 3.5 million years. Evidence for erect walking also comes 
from the location of the so-called foramen magnum of the skull. Where would 
the foramen magnum have been located in Lucy?

Lucy and other Australopithecus species walked erect with their big toes 
oriented parallel to their other toes, as in the feet of modern humans. (Refer 
back to � gure 12.8a on page 546 to see the contrasting position of the big toe 
in chimps.) While Lucy and her kind were capable of bipedal locomotion, it 
was not the long striding gait that is typical of modern humans. � e skeletons 
of Australopithecus species show features that are also adaptations for tree 
climbing, such as long curved bones in the � ngers and the toes, indicating that 
they still spent considerable time in trees.

Some scientists speculate that Lucy and her kind could move by swinging from 
branch to branch with their arms, in a mode of locomotion known as brachiation. 
Lucy’s skeletal structure also allowed her to stand and walk erect when she 
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descended to the ground, perhaps to move between clumps of trees or to seek 
food at ground level. In light of these �ndings, the conclusions now accepted are:
•	 the skeletal changes that allow erect walking evolved more than 3.5 million 

years ago, long before the �rst appearance of the genus Homo in the 
fossil record

•	 these skeletal changes were present in hominins that had a small brain size 
similar to nonhuman apes and much smaller than the human brain

•	 erect walking was present in hominins for several million years before the 
�rst stone tools appear in the fossil record.
�ese �ndings disprove an earlier hypothesis that human evolution was 

driven by selection pressure that gave an advantage to erect-walking hominins 
who could make greater use of tools and so hunt more e�ectively. �e fossil 
evidence does not support this view.

Discoveries of hominin fossils continue
Hominin fossils continue to be discovered and the pace of discovery has quick-
ened in the last several decades. Each discovery of a fossil hominin may provide 
new information that can be used to test currently accepted hypotheses. Often 
this results in clari�cation and increased understanding of hominin evolution. 
In other cases, the discovery of a hominin fossil belonging to a new species may 
raise more questions about the pathway of human evolution. �e dating of a 
newly discovered fossil of an existing species may extend the currently accepted 
age range of that species and lead to a new interpretation about human evol-
ution; for example, in the preceding section, we saw that the discovery of a new 
fossil in 2015 changed the accepted date of the �rst appearance of humans in 
the fossil record. Some fossils are very fragmentary so that disagreement may 
exist as to whether they should be identi�ed as hominins or as apes.

In the following sections, you will meet the prehuman hominins.

REJECTING THE EVIDENCE OF THE TAUNG CHILD

Why was the Taung child originally rejected as being 
a link between apes and humans? �is was due to 
the fact that the Taung child fossil did not �t the 
expectations and preconceptions of many in�uen-
tial British scientists of that time. �ese scientists 
expected that early hominins would:
1. have a large brain like a human and a jaw with 

large ape-like teeth
2. be found (that is, their fossils) in Asia, which was 

then believed to be the place where the �rst hom-
inins evolved, because of the discovery of the Java 
Man fossil in 1897 in Indonesia.
Since the Taung child did not �t these expec-

tations, it was ignored by most scientists for more 
than 20 years after its discovery. In particular, the 
Taung child had an estimated average brain volume 
in adults of 440 cubic centimetres compared with an 
average value of 1300 cubic centimetres for modern 
humans. As such, the Taung child did not meet the 
preconceived idea that early hominins would have 
large brains. In 1925, Sir Arthur Keith, a leading 
and highly in�uential British scientist, stated that 
the claim that the Taung child fossil represented a 
human ancestor was ‘preposterous’. Keith’s status 

and seniority meant that the Taung child fossil was 
regarded as an aberrant ape, and quietly ignored.

Because of this �awed preconception that early 
human ancestors must be large brained, one of the 
deliberate scienti�c frauds of the twentieth century 
was not immediately recognised as a fraud. �is was 
the Piltdown forgery, a contrived hominin fossil, 
known as Piltdown Man, that was created using a 
modern human cranium and the lower jaw of an 
orang-utan that had been stained to look old, and 
the molar teeth had been ground down to make 
them more human-like. In addition, a key piece 
of the lower jaw where the jaw articulates with the 
cranium was missing. Had this been present, it 
would have shown that the lower jaw did not belong 
to the cranium.

�e skull and jawbone of the Piltdown Man and 
various other objects including teeth and animal 
bones were ‘discovered’ during 1911 and 1912 in 
a gravel pit in southern England (see �gure 12.32). 
Leading scientists of the day identi�ed these bones 
as those of the missing link between apes and 
humans and named this new ‘species’ Eoanthropus 
dawsonii (Dawson’s Dawn Man).

(continued)
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Clearly, this fraud was designed to meet the pre-
conceptions of the British palaeoanthropologists 
who celebrated its discovery as ‘the most important 
ever made in England, and  .  .  .  any other yet made, 
either at home or abroad’.

Doubts about the authenticity of the Piltdown 
Man began to circulate, but it was not until 1953, 
more than 40 years later, that, through the use of 

chemical tests to identify its age, the Piltdown Man 
was shown unequivocally to be a fraud, and indeed a 
clever and deliberate hoax.

Meanwhile, in 1947, Sir Arthur Keith (see above) 
� nally conceded the rightful place of the Taung 
child fossil in hominin evolution, when he wrote: 
‘  .  .  .  Professor Dart was right and I was wrong.’

FIGURE 12.32 Photograph taken in the period 1912–1913 of the Piltdown site. Charles Dawson, the amateur scientist 
who made the ‘discovery’ of the cranium and the jaw is shown seated at left. At right is Sir Arthur Woodward, Keeper of 
Geology at the British Museum.

KEY IDEAS

 ■ The Taung child is a famous hominin fossil, species Australopithecus 
africanus, dated at about 2.8 million years old.

 ■ Mrs Ples is a partial fossil skeleton of an adult Australopithecus africanus.
 ■ Lucy is a famous fossil of an earlier hominin species, Australopithecus 
afarensis, dated at about 3 million years old.

 ■ Certain features of a fossil skeleton allow conclusions to be drawn about 
whether the species was capable of upright (bipedal) locomotion.

 ■ The Piltdown Man fossil is an example of deliberate scienti� c fraud.
 ■ The ability to walk erect for sustained periods depends on the angled 
arrangement of the femur and the tibia.

 ■ Hominin fossil discoveries continue to be made, including those of new 
hominin species.

 ■ New hominin fossil discoveries may lead to new interpretations.
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QUICK CHECK

8 Identify the following statements as true or false:
a Robert Broom discovered the �rst Australopithecus africanus fossil.
b The Taung child fossil was a member of the genus Homo.
c The position of the foramen magnum can indicate whether a species 

walked upright or not.
d In a chimp, the femur and the tibia join in a straight line.

9 Identify a reason the Taung fossil skull was not immediately accepted as a 
link between humans and ancestral species.

10 Give both the scienti�c name and the popular name of hominin fossils 
linked to the following famous palaeoanthropologists:
a Raymond Dart
b Donald Johanson
c Robert Broom.

11 A complete fossil skeleton of a hominid (family Hominidae) is available for 
examination.

  Identify two regions that you would examine to assist you in deciding if 
the species represented by this fossil skeleton was capable of sustained 
bipedal locomotion.

The beginning: the prehuman 
hominins
�e prehuman hominin fossils are those hominins that evolved in the millions 
of years immediately following the divergence of the ‘human’ line from the 
‘African ape’ line, before the emergence of the �rst Homo species.

�e prehuman hominin fossils can conveniently be organised into four 
groups:
•	 the australopithecines: this term refers to any member of the genus 

Australopithecus
•	 the robusts: this term refers to those prehuman hominins belonging to the 

genus Paranthropus, characterised by heavily built skulls, heavy brow ridges 
and very large premolar and molar teeth

•	 the ardipthecines: this term refers to any member of the genus Ardipithecus
•	 the ‘oldies’: this term refers to the earliest of the prehuman hominins.

Table 12.4 shows the major fossil species of prehuman hominins. Look at the 
year of discovery and you will see that most of these fossil �nds have occurred 
since the mid 1990s. Until the mid 1990s, the undisputed oldest hominin 
fossils that had been identi�ed were those of Lucy’s kind, Australopithecus 
afarensis, dated in the range of 3.0 to 3.7 million years ago (Mya). Since the 
mid 1990s, other prehuman hominin fossils have been discovered, including 
some that lived on the African continent millions of years before Lucy. In 
the �rst decade of the twenty-�rst century, more new hominin fossil discov-
eries were made, including some belonging to species dated to 4 to 7 million 
years ago.

�e oldies:
�e discovery of Sahelanthropus tchadensis appears to push the oldest iden-
ti�ed hominin species back to at least 7 million years ago. However, varying 
interpretations of the Sahelanthropus tchadensis fossil have been made, so this 
species is not universally accepted as a hominin. One group of researchers 
who carried out a detailed analysis of this fossil concluded that Sahelanthropus 
tchadensis was not a hominin. In contrast, other researchers have identi�ed 
this fossil species as possibly the earliest hominin fossil discovered to date.

ODD FACT

The year in which a fossil 
hominin is announced may 
be several years after the 
fossil is discovered. The 
interval between the two is 
the period during which the 
fossil is examined, compared 
to existing fossils, described 
and, if it is a new species, 
named.
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TABLE 12.4 Fossils representing species of prehuman hominins, the year 
of discovery or public announcement, and their estimated age ranges. The 
australopithecines are shown in pink, the ardipithecines in green, the robusts in 
blue, and the ‘oldies’ in orange.

YEAR Prehuman hominin species
Where 
discovered Age range (Mya)

2002 Sahelanthropus tchadensis Chad 7.0–6.0

2001 Orririn tugensis Kenya 6.2–5.8

2004 Ardipithecus kadabba Ethiopia 5.8–5.2

2009 Ardipithecus ramidus Ethiopia 4.4

1995 Australopithecus anamensis Kenya 4.2–3.9

1974 Australopithecus afarensis Ethiopia 3.85–2.95

1999 Australopithecus garhi Ethiopia 3.5

2001 Kenyanthropus platyops Kenya 3.5–3.2

1924 Australopithecus africanus South Africa 3.3–2.1

2015 Australopithecus deyiremeda Ethiopia 3.3

1985 Paranthropus aethiopicus Kenya 2.7–2.3

1959 Paranthropus boisei Tanzania 2.3–1.2

2010 Australopithecus sediba South Africa 1.8–1.9

1938 Paranthropus robustus South Africa 1.8–1.2

� e ardipithecines:
Fossils belonging to a new hominin genus, Ardipithecus, were discovered in 2001 
and 2004. Ardipithecus ramidus and Ardipithecus kadabba lived in East Africa 
in the period 5.8 to 4.4 million years ago, long before the appearance of the � rst 
australopithecines. It is not known whether Ardipithecus species were ancestral 
to the australopithecines or whether they were an evolutionary dead-end.

� e australopithecines:
� e most famous of the australopithecines are the Taung child (Au. africanus) 
and Lucy (Au. afarensis). Look back at � gure 12.24, which shows the Taung 
child Au. africanus skull.

Since then, several more australopithecine species have been discovered, the 
most recent being Australopithecus deyiremeda, found in 2015 in the Afar region 
of Ethiopia, just 35 kilometres north of where the Lucy fossil was found in 1974. 
Fossils of Lucy’s kind were also found at the same site, indicating that the two 
species overlapped, both in time and in space. � e discoverer of Australopithecus 
deyiremeda has commented: ‘� ey probably fought for resources. However, it is 
di�  cult to � nd out whether they hunted each other or interbred.’

� e fossils of Australopithecus sediba (see � gure 12.33) were 
discovered in South Africa in 2008, and the existence of this 
new species was announced in 2010. � e interpretation of 
this fossil has been the subject of debate. Because it displays 
some human-like characteristics, this species has been iden-
ti� ed as a possible direct ancestor of the � rst human species, 
but it also has some chimp-like features. Alternatively, it has 
been suggested that this species might be a later version of 
Australopithecus africanus and that di� erences between those 
species are simply due to changes that have occurred in the 
time interval that separates them. Refer to the box on the next 
page where you can read about a geologist whose expertise in 
dating rock strata using the uranium–lead procedure involved 
her in the dating of hominin fossils, including Au. sediba.

FIGURE 12.33 Cranium of 
Australopithecus sediba found 
in South Africa in 2008. Note 
the sloping forehead and the 
projecting upper jaw.

UNCORRECTED Ardipithecus ramidus 

UNCORRECTED Ardipithecus ramidus 

UNCORRECTED in the period 5.8 to 4.4 million years ago, long before the appearance of the � rst 

UNCORRECTED in the period 5.8 to 4.4 million years ago, long before the appearance of the � rst 
australopithecines. It is not known whether 

UNCORRECTED 
australopithecines. It is not known whether 
to the australopithecines or whether they were an evolutionary dead-end.

UNCORRECTED 
to the australopithecines or whether they were an evolutionary dead-end.

� e australopithecines

UNCORRECTED 
� e australopithecines
� e most famous of the australopithecines are the Taung child (

UNCORRECTED 
� e most famous of the australopithecines are the Taung child (
and Lucy (

UNCORRECTED 
and Lucy (Au. afarensis

UNCORRECTED 
Au. afarensis

child 

UNCORRECTED 

child Au. africanus

UNCORRECTED 

Au. africanus
Since then, several more australopithecine species have been discovered, the 

UNCORRECTED 

Since then, several more australopithecine species have been discovered, the 
most recent being 

UNCORRECTED 

most recent being 
of Ethiopia, just 35 kilometres north of where the Lucy fossil was found in 1974. 

UNCORRECTED 

of Ethiopia, just 35 kilometres north of where the Lucy fossil was found in 1974. 

UNCORRECTED 

UNCORRECTED 

UNCORRECTED 

UNCORRECTED 

UNCORRECTED 

Cranium of 

UNCORRECTED 

Cranium of 
Australopithecus sediba

UNCORRECTED 

Australopithecus sediba found 

UNCORRECTED 

 found 
in South Africa in 2008. Note 

UNCORRECTED 

in South Africa in 2008. Note 
the sloping forehead and the 

UNCORRECTED 

the sloping forehead and the 
projecting upper jaw.

UNCORRECTED 

projecting upper jaw.

UNCORRECTED P
AGE 

PAGE 

PAGE 

PAGE 

PAGE 

PAGE 

PAGE 

PAGE 

PAGE 

PAGE 
South Africa

PAGE 
South Africa

Paranthropus robustus

PAGE 
Paranthropus robustus

Fossils belonging to a new hominin genus, PAGE 
Fossils belonging to a new hominin genus, 

Ardipithecus ramidus PAGE 

Ardipithecus ramidus 

PROOFS

PROOFS

PROOFS

PROOFS

PROOFS

PROOFS

PROOFS

PROOFS

PROOFS

PROOFS
5.8–5.2

PROOFS
5.8–5.2

4.4

PROOFS4.4

4.2–3.9

PROOFS4.2–3.9

3.85–2.95

PROOFS
3.85–2.95

South Africa

PROOFS
South Africa

Ethiopia

PROOFS

Ethiopia

KenyaPROOFS

Kenya

TanzaniaPROOFS

Tanzania



567CHAPTER 12 Human changes over time

c12HumanChangesOverTime 567 25 October 2016 10:32 AM

SCIENTIST AT WORK

Dr Robyn Pickering — determining timelines

FIGURE 12.34 Dr Robyn Pickering in the clean laboratory 
in the School of Earth Sciences at the University of 
Melbourne, with a piece of two-million-year-old � owstone. 
(Image courtesy of Dr Robyn Pickering and Warrick Joe.)

‘I am a geologist who works on understanding the 
timeline of human evolution. To be more speci� c, I 
do research into determining the ages of rocks asso-
ciated with early human or hominin fossils. Knowing 
how old hominin fossils are is the key to placing 
them in our human family tree and � guring out who 
was related to whom.

I work in South Africa at the University of Cape 
Town, in the Department of Geological Sciences, 
where I am a lecturer. I use a technique called 
uranium–lead dating. What this actually means 
is that I extract the natural uranium and lead out 
of carbonate rocks and use the amount of the iso-
topes of these elements, together with the half-life of 
uranium, to work out how old the rocks are. I work 
mainly on cave sites that contain early human fossils 
and archaeological remains, so I collaborate with 
palaeontologists, palaeoanthropologists and archae-
ologists. Usually the fossils themselves are too old 
to date using carbon dating, so we have to date the 
rocks around them and work out how old they are 
based on the stratigraphy or layering of the rocks.

I grew up in Johannesburg, South Africa, and 
was always fascinated with rocks, animals and the 
great outdoors. Biology was my favourite subject at 
high school. After reading Richard Leakey’s books 
about hunting for hominin fossils in East Africa and 
deciding that a career as an occupational thera-
pist was not for me, I enrolled for a general science 
degree at the University of the Witwatersrand in 
Johannesburg. I studied archaeology and geology 
and enjoyed both but was drawn more to the geology. 

I began my research career working in an area known 
as the Cradle of Humankind. � is series of caves is 
the richest source of early human fossils outside of 
East Africa and, while the fossils themselves were 
well known, little research had been done into the 
geology of the caves. I then went on to do a PhD at 
the University of Bern in Switzerland, where I was 
involved in developing the technique of uranium–
lead dating and using this to date the Cradle sites. 
After this, I spent six very happy and productive years 
as a Postdoctoral Research Fellow at the University of 
Melbourne in the School of Earth Sciences working 
on dating cave sites from around the world.

I have been fortunate to be involved in a number 
of exciting fossil-related projects from around the 
world. One of the biggest discoveries of recent times 
was the partial skeletons of two individuals, a young 
male and an older female from the Malapa cave site 
in South Africa. � ese fossils were unlike any others 
and were classi� ed as a new species, Australopithecus 
sediba. One of the big questions was how old these 
fossils were. I was able to date two � owstone layers 
above and below the fossils, which together with the 
palaeomagnetic signal trapped in the rocks around 
the bones, meant that we could calculate an age of 
1.977 ± 0.003 million years for these fossils. � e fossils 
of Australopithecus sediba are remarkably well pre-
served and complete and, at just under 2 million years 
old, they are the current best candidate as the ancestor 
to our own genus Homo and perhaps our oldest 
 relatives. � is discovery really shakes up our human 
family tree and no doubt there will be much ongoing 
debate.

My colleague Dr Helen Green and I recently dated 
the rocks surrounding a fossil monkey from the 
Dominican Republic in the Caribbean to be around 
1 million years old. � e fossils are found in amazing 
underwater caves — scuba divers work with the pal-
aeontologists to recover the fossils. � is age really 
changes our understanding of primate evolution in 
this region.

I love working as a scientist — it is a challenging, 
stimulating and exciting job. I am also a mum and, 
while it is not always easy juggling my busy days, I 
could not imagine doing anything else and I hope 
my children grow up to share my love and appreci-
ation of the wonderful geological world around us. 
I am lucky that my work often takes me into the � eld, 
so I get a combination of working in a laboratory 
and visiting fossil sites around the world. � ere is 
no story greater than our own human story and I am 
honoured to contribute a small piece to the puzzle of 
our own origins.’
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� e robusts:
� e robusts are a group of prehuman hominins belonging to the extinct genus 
Paranthropus. � ese hominins are not on the direct line leading to the genus 
Homo, but are an evolutionary side branch that died out by 1.4 million years 
ago. � e robusts are distinguished by their heavily built skulls with heavy brow 
ridges, large premolar and very large molar teeth, and a bony crest, known as 
a sagittal crest, on the top of the skull. � is crest was the point of attachment for 
one of the muscles (the masseter muscle) that closes the jaw. (� e box on page 575 
gives more details of one of the robust species, Paranthropus boisei, and its diet.)

Kenyanthropus platyops:
� e one fossil (KNM-WT 40000) that lies outside these four informal groupings 
is Kenyanthropus platyops. � is fossil was discovered in 1999 by a team led by 
Dr Maeve Leakey (see � gure 12.35). � e description of this fossil was published 
in 2001 and because of its di� erences from members of existing fossil groups, 
this fossil was assigned to a new genus, Kenyanthropus.

Locations of major hominin fossil � nds
Africa is indeed the cradle of humanity. � e supporting evidence, based on 
fossil discoveries, is as follows:
•	 � e oldest prehuman hominin fossils have been found in Africa.
•	 No fossils of prehuman hominins have been found outside Africa.
•	 Not one australopithecine fossil has been found outside Africa.
•	 � e earliest fossils belonging to the genus Homo have been found in Africa.
•	 All hominin fossils found outside the African continent are species within 

the genus Homo and are younger than the earliest African Homo fossils.
Figure 12.36 shows the locations where many prehuman hominins 

(excluding the robusts) have been found. � e majority of discoveries have 
occurred in the East African Rift Valley.

Lake Turkana,
Kenya

S. tchadensis

A. ramidus

Au. deyiremeda Au. garhi

Au. anamensis

O. tugenensis

Au. sediba

A. kadabba
K. platyops FIGURE 12.36 Map showing 

the sites of discovery of 
prehuman hominin fossils in 
the period from 1995 to 2015. 
The East African Rift Valley 
encompasses the major sites 
of hominin fossil discoveries. 
This map does not include the 
fossils of the robust group of 
hominins.

Let’s now look at the prehuman hominin family.

The prehuman hominin family
� e prehuman hominin fossil record covers a period from about 7 million 
years  ago (Sahelanthropus tchadensis) to about 2 million years ago 
(Australopithecus sediba). � e evolutionary relationship between the various 
species is not known for certain. By this time, the � rst humans had appeared in 
the fossil record and they shared the African continent with several prehuman 

FIGURE 12.35 Dr Maeve 
Leakey, who led a team that 
discovered the hominin fossil 
Kenyanthropus platyops. Its 
scienti� c name means ‘� at-
faced man from Kenya’.
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hominins, including Au. sediba and two robusts, Paranthropus boisei and 
P. robustus.

Figure 12.37 is a diagram showing the distribution over time of the pre-
human hominins. Many palaeoanthropologists suggest that Au. afarensis and 
Au. africanus are possible direct ancestors of the � rst human species. Was this 
the case? What is the relationship between Kenyanthropus platyops and the 
australopithecines? Further evidence is needed to answer these questions.

Sahelanthropus

P. aethiopicus

7 million 6 million 5 million 4 million 3 million 2 million 1 million
Years ago

HomoK. platyops

Au. afarensisArdipithecus

Au. anamensis
Orrorin Au. sediba

Au. garhi

Au. africanus

P. boisei

P. robustus

FIGURE 12.37 Diagram showing the distribution over time of the major prehuman hominin fossil species 
that mainly preceded and coexisted with the � rst members of genus Homo. The label ‘Ardipithecus’ 
includes two species: A. ramidus and A. kadabba.

Erect walking in prehuman hominins
We know that hominins are characterised by the ability to walk erect in a sus-
tained manner. Evidence of this ability is present in skeletal features such as 
the position of the foramen magnum on the base of the skull, the structure of 
the pelvis, and the angled arrangement of the femur relative to the tibia.

� e prehuman hominins could walk erect, but they did not walk with the 
long easy strides of modern humans. Evidence from their fossil bones indicates 
that as well as spending time on the ground where they used bipedal loco-
motion, they also spent time in trees for several purposes, such as looking for 
fruit and sheltering there at night to avoid predators. � e bipedal locomotion 
used when they were on the ground allowed them to move more e�  ciently 
across open grassland areas.

Possible advantages associated with bipedal locomotion (upright walking) 
as compared to quadrupedalism (knuckle walking) have been identi� ed as 
follows:
•	 easier to view objects at a distance, such as watching for predators, locating 

sources of food or shelter, especially when moving across open grasslands
•	 reduced absorption of heat from the sun during the hottest part of the day 

because a smaller area of skin surface is exposed to direct sunlight, so it is 
easier to keep cool

•	 ability to walk greater distances when searching for food because the longer 
strides associated with bipedal locomotion require less energy than knuckle 
walking.
Bipedal locomotion requires strong hindlimbs (‘legs’) that can support the 

body weight in an upright position, stronger than those of a quadrupedal 
primate of comparable size. Stronger and longer legs increased the chance of 
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survival and so would have given a selective advantage to 
individuals with those features. In contrast, for arboreal 
(tree-dwelling) primates, the selective advantage would 
have been for stronger and longer forelimbs (‘arms’).

A clue to the mode of locomotion of a primate may 
come from the ratio of its limb lengths. � is ratio is 
obtained by dividing the length of the forelimb by the 
length of the hindlimb. � is ratio allows us to make infer-
ences about extinct primate species when only fossilised 
bones exist. A higher ratio, greater than 1.0, signals that 
the primate is arboreal (tree-dwelling) and is reliant on 
its forelimbs for climbing and swinging.

In contrast, primates that are capable of sustained erect 
walking have relatively shorter arms and longer legs. 
Table 12.5 shows the ratio of arm length to leg length for 
several species. � e ratio of 1.32 for the gibbon indicates 
that its forelimbs are much longer than its hindlimbs — 
not surprising for a primate that moves by swinging from 
branch to branch (brachiation) (see � gure 12.38). In con-
trast, for Lucy and her kind, the ratio of 0.88 indicates that 
the leg length is greater than that of the arms, an indication 
that these australopithecines could walk erect. For modern 
humans, who are more expert erect walkers, the ratio of 
arm length to leg length is even smaller, indicating a leg 
length that is relatively much longer than the arm length.

TABLE 12.5 Table showing the ratio of forelimb or ‘arm’ length to hindlimb or 
‘leg’ length for several primate species, including three hominins, Australopithecus 
afarensis, Homo erectus and modern humans. A ratio of 1.00 means that the ‘arm’ 
and the ‘leg’ lengths are equal. What does a value greater than 1.00 mean? What 
does a value less than 1.00 mean?

 Ratio of arm (forelimb) length

Species to leg (hindlimb) length

gibbon, Hylobates sp. 1.32

chimp, Pan troglodytes 1.00

Lucy, Australopithecus afarensis 0.88

Homo erectus, an early human 0.70

Homo sapiens, modern human 0.68–0.70

It is seen from this table that the arm and leg lengths of adult chimps are 
equal, and that the arm lengths of the hominins are shorter than their leg 
lengths, indicating bipedal locomotion.

Because the amount of fossil material is very limited, evidence for bipedal 
locomotion in the earlier presumed hominins is less clear. � e single fossil 
thighbone (femur) of Orrorin tugenensis suggests bipedal locomotion, as does 
the position of the foramen magnum in the 2005 reconstruction of the crushed 
fossil skull of Sahelanthropus tchadensis. If Sahelanthropus indeed used 
bipedal locomotion, at least some of the time, its discovery pushes the origin of 
hominins to 7 million years ago.

How did early hominins live?
Fossil evidence allows us draw conclusions about the physical features of pre-
human hominins. But how can we answer questions such as: What did they 
eat? How did they live? We cannot go back in time and observe them, but valid 

FIGURE 12.38 Gibbons 
(Hylobates sp.) move by 
swinging from branch to 
branch, a form of locomotion 
known as brachiation. Note 
the arm length relative to the 
leg length.
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inferences about aspects of their way of life may be inferred from various lines 
of evidence such as:
•	 Relative body sizes of males and females provide clues to the social organ-

isation of the species.
•	 Tooth enamel thickness, tooth wear, jaw features and carbon isotope studies 

provide clues to diet.
•	 Plant and animal fossils found in association with hominin fossils provide 

clues to the local habitats where hominins lived.

Inferring social organisation
Where di�erences exist between the adult males and females of a species 
in average height, body mass or other features, that species shows 
sexual dimorphism. Studies of the social behaviour of living ape species reveal 
that apes with little or no sexual dimorphism, such as gibbons, have monoga-
mous (one male – one female) pairings. In contrast, where a high degree of 
sexual dimorphism exists, as in gorillas and chimps, di�erent social organ-
isations are seen. �ese may comprise one male and a group of females, with 
the male controlling and defending the group, as in gorillas. Alternatively, as 
in chimps, it may comprise a group of related males who control and defend a 
group of females that may be spread out.

Because the degree of sexual dimorphism in living ape species relates in 
part to social organisation, these data can provide limited insight to possible 
social organisation in hominins. Table 12.6 shows the estimated body masses 
of a number of hominin species and several living ape species. Some degree 
of sexual dimorphism existed in these prehuman hominins and was greatest 
in Au. afarensis. (So, Lucy was a lot smaller than Luke!) Based on the data in 
table 12.6, scientists have speculated that the social organisation of early hom-
inins may have been like that seen in modern chimps.

TABLE 12.6 Estimated average body mass of hominin species of both sexes with 
comparative data from living ape species. The smaller the percentage value in 
column four, the greater the degree of sexual dimorphism in the species.

Species

Adult body mass (kg)

Female mass as percentage of maleMale Female

Au. afarensis  45 29 65

Au. africanus  41 30 73

P. robustus  40 32 80

P. boisei  49 34 69

gorilla 180 90 50

chimp  45 36 80

Inferring diets
Based on evidence, such as the relative sizes of teeth, enamel thickness, jaw 
size and presumed jaw musculature, it is possible to make inferences about the 
diet of hominin species. For example, species in the Ardipithicus genus have 
small molars with thin enamel, suggesting that they ate fruit and soft leaves, 
while the more resistant teeth with thicker enamel of the australopithecines 
suggests a mixed diet including more �brous plant materials.

Microscopic studies of the wear patterns on teeth surfaces can provide 
evidence about the diet of fossil hominins. �is is done by comparing the 
microscopic texture on the surface of fossil molars with that on living primates 
with a known diet. For example, complex patterns with deep pits are seen in 
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primates that eat hard or brittle foods that require 
crushing, while simple patterns with long striations 
and scratches are seen in primates that eat soft or 
tough leaves and other plant material that require 
shearing. � e simple tooth wear patterns of austra-
lopithecines indicate that they ate few, if any, hard 
and brittle foods.

While the exact nature of the diets of prehuman 
hominins continues to be researched, we can be 
sure that their diets were predominantly, or even 
exclusively, based on plant material. Much plant 
material has a lower nutrient value and takes 
longer to digest than meat. As a result, the diges-
tive tracts of plant eaters are relatively much longer 
than those of carnivores (meat eaters) or omnivores 
(mixed meat/plant eaters). � e box on page 575 
describes how the analysis of carbon isotopes in 
the tooth enamel of a robust prehuman hominin 
gave a clue to its diet.

Because they were herbivorous, prehuman 
hominins had relatively large digestive tracts. To 
accommodate these large guts, australopithecines 
had wide waists and rib cages that were much 
wider at their lower ends than at the upper ends. 
� ese features gave australopithecines a pot- bellied 
appearance (see � gure 12.39a). In contrast, early 
human species, such as Homo erectus, had a rela-
tively shorter and smaller digestive tract, and the 
rib cage was more barrel shaped, so that they were 
relatively longer and narrower and had a de� ned 
waistline (see � gure 12.39b), indicating a change in 
diet — meat! Because meat is energy rich and high 

in nutrients, this dietary change allowed for the diversion of energy and nutri-
ents to the growth of other organs, particularly the brain.

Inferring habitats
Inferences can be made about the habitats where the various hominin species 
lived by examining the fossils of plants and animals found in association with 
australopithecine fossils (see � gure 12.40 for locations of fossil discoveries).

For example, monkeys are forest dwellers and the presence of monkey 
fossils in an area indicates that the area was a forest or closed woodland in the 
period to which the fossils date. Likewise, the presence or absence of fossils of 
water-living animals, such as � sh, crocodiles and hippopotamus, provide clues 
to habitat type. Other evidence that can be used to assist in inferring ancient 
habitats includes analyses of fossil pollen, which can identify the types of 
plants that grew in an area in the past.

Table 12.7 shows the inferred habitats of the areas in which various hom-
inins lived. Fossils of Ardipithecus (‘Ardi’), an early hominin, were found in 
association with other fossils including rats, monkeys and forest antelope, 
strongly indicating that Ardipithecus ramidus and her group lived in forest 
or closed woodland habitats. In contrast, many of the later hominin fossils, 
such as the australopiths, were associated with grassland savannah habitats 
(see � gure 12.41). Because Ardi walked upright more than 4 million years ago, 
this � nding has challenged the view that bipedal locomotion evolved when 
hominins lived in the open African grasslands and needed to cover distances 
at speed.
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FIGURE 12.40 Map of Africa 
showing locations of discovery 
of various Australopithecus 
species. Where was Lucy 
discovered?
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FIGURE 12.39 (a) Skeleton of torso of Australopithecus 
afarensis (‘Lucy’). Note how the wide rib cage gives a pot-
bellied appearance. (b) Skeleton of torso of an early human 
species, Homo erectus.
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TABLE 12.7 Inferred habitats in regions at the time when hominin species lived 
in the area

Location Habitat at time Hominin species

Aramis, Ethiopia Forest or closed woodland Ardipithecus ramidus

Kanapoi, Kenya

Allia Bay, Kenya

Open habitat with nearby 
forest
Forests near large river

Australopithecus 
anamensis

Hadar (Afar), Ethiopia

Laetoli, Tanzania

Riverside forests and 
grassland savannah
Grassland savannah

Au. afarensis

FIGURE 12.41 A representation of prehuman hominins in a savannah grassland. This 
type of habitat was where Australopithecus afarensis is thought to have lived.

Inferring culture
Because prehuman hominins could walk on two feet, their hands were free 
for other purposes. However, there is no de� nite evidence that any of the aus-
tralopithecines made tools from natural objects in their environment. Did the 
australopithecines use tools? Evidence of tool use is limited if the tools are 
natural objects (such as sticks for digging or rocks for smashing bones) that 
are not modi� ed into identi� able tools. However, australopithecines may have 
used objects as tools, perhaps carrying them or � nding them in an area. � is 
conclusion is based on the evidence of tool use of the modern apes, such as 
chimps using sticks to extract insects from crevices in logs.

Remarkably, evidence has been preserved of the use of an object as a tool 
by australopithecines. � is evidence is in the form of smashed fossil antelope 
bones found in a region where Australopithecus garhi fossils have also been 
found and dated to the same age. � is evidence allows us to picture an event 
that occurred about 2.5 Myr ago when one or more australopithecines used 
stones as tools to smash antelope bones, possibly to extract the bone marrow.

ODD FACT

Tools that have been crafted 
for use are always found in 
association with fossils of the 
genus Homo. It is generally 
concluded that toolmaking, 
as distinct from tool use, 
appeared with the earliest 
species of the genus Homo.
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How are the hominins related?
It is not possible to identify the exact evolutionary pathway that links pre-
human hominin species to the � rst Homo species.

It is reasonable to speculate that the earliest prehuman hominins were ances-
tral to the australopithecines. From the australopithecines, one evolutionary 
line gave rise to the robust Paranthropus species, and a second line gave rise 
to the � rst members of the genus Homo, the � rst humans. � e Paranthropus 
species were an evolutionary ‘dead-end’. One simple hypothetical pathway is 
shown in � gure 12.42.

?

?

?

?

?

?

?

?

?

?

Sahelanthropus

P. aethiopicus

7 million 6 million 5 million 4 million 3 million 2 million 1 million
Years ago

HomoK. platyops

Au. afarensisArdipithecus

Au. anamensis
Orrorin Au. sediba

Au. garhi

Au. africanus

P. boisei

P. robustus

FIGURE 12.42 Possible relationships are shown by ‘?’ symbols between the 
various hominin species.

A transitional relationship between australopithecines and the � rst human 
species is supported by several lines of evidence including the upper jaw. 
Figure  12.43 shows a comparison of the upper jaws and teeth of a chimp, an 
australopithecine (Au. afarensis) and a modern human. Note the box-like 
shape of the chimp jaw compared to the parabolic shape of the human jaw 
and see that the rounded shape of the australopithecine jaw is intermediate 
between those of a chimp and a modern human. Australopithecines had 
smaller teeth than did chimps, making australopithecines more human-like in 
this regard. � e earlier australopithecine, Au. afarensis, had a gap (diastema) 
in the dental arch, a chimp-like feature. However, a later australopithecine, 
Au.  africanus, lacks this gap and its jaw is even more human-like.

Chimpanzee Modern humanAustralopithecus
afarensis (Lucy)

Canine Diastema
FIGURE 12.43 Diagram (not 
to scale) showing the upper 
jaw and teeth of a chimp, 
Australopithecus afarensis 
(Lucy) and a modern human. 
Note the shape of the dental 
arch in each species. The 
dental arch in Australopithecus 
afarensis is intermediate 
between the box-shaped arch 
of chimps and the parabolic 
arch of modern humans.
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� e Australopithecus sediba fossil found in 2010 is of particular interest. Au. 
sediba shares more derived features with Homo species than any other aus-
tralopithecine; for example, the teeth of Au. sediba are reduced in size, as in 
Homo species, and the structure of its pelvis is similar to that in Homo species. 
� e long legs of Au. sediba suggest that it was possibly the � rst hominin 
capable of running. However, Au. sediba retains some primitive chimp-like 
features. Its position within the human evolution story raises interesting ques-
tions such as: Could Au. sediba be a direct ancestor of the � rst Homo species? 
Might Au. sediba be reclassi� ed as a member of the genus Homo?

DID THE NUTCRACKER MAN EAT NUTS?

In Tanzania in 1959, a hominin fossil cranium was 
found and, later, a lower jaw. � is fossil was given 
the scienti� c name Paranthropus boisei and is one 
of the robusts. What was unusual about the fossil 
was that its large jaw carried the biggest and � at-
test molar teeth yet seen in any hominin fossil (see 
� gure 12.44). As a result, this fossil was given the 
popular name of the Nutcracker Man. � e question 
is: Did the Nutcracker Man eat nuts?

FIGURE 12.44 Casts of the upper jaws with molars 
of the Nutcracker Man, Paranthropus boisei, and a 
modern human. Note the thick tooth enamel and 
� ared cheekbones (zygomatic arches) of P. boisei. 
(Image courtesy of Melissa Lutz Blouin (currently 
at University of Florida Health), when she was at 
University of Arkansas.)

Figure 12.45 shows the skull of P. boisei compared to 
that of Australopithecus. Note the � ared cheekbones or 
zygomatic arches (arrowed) in P. boisei and the large 
spaces they enclose. � ese spaces accommodate the 
two muscles involved in closing the jaw, and the size of 
this space allows us to infer that P. boisei had powerful 
jaw muscles. � e masseter muscle passes from the jaw 
and attaches to the zygomatic arch, and the temporal 
muscle passes from the jaw behind the zygomatic arch 
and through to the top of the skull where it attaches to 

the sagittal crest. P. boisei had an estimated biting force 
of about 770 kilograms (compared to 125 kilograms for 
a modern human jaw). Based on this evidence alone, it 
was assumed that the diet of P. boisei comprised hard, 
brittle objects, such as hard seeds, hard fruits and nuts.

FIGURE 12.45 Cranium of (a) Paranthropus sp. and 
(b) Australopithecus sp. viewed from above, showing 
the zygomatic arch or cheekbone (arrowed). Note 
how the arches in Paranthropus � are out widely. The 
space created is needed to accommodate the large 
muscles of the lower jaw — the larger the space, the 
bigger the chewing muscles. Note also the sagittal 
crest on the top of the Paranthropus cranium. What 
purpose did it serve?

(a)

(b)

Zygomatic arches

In 2011, scientists published an analysis of the 
carbon isotopes present in 24 samples of tooth 
enamel from 22 P. boisei individuals. � is analysis of 
carbon isotopes can identify whether a person’s diet 
comes mainly from grasses and sedges that carry out 
photosynthesis using the so-called C4 pathway, or 
whether the diet comes mainly from the edible parts 
of trees, shrubs and herbs that use the C3 photosyn-
thetic pathway.

� e results of this analysis showed that the diet 
of the Nutcracker Man and other members of the 
Paranthropus boisei population comprised mainly 
grasses and sedges — not nuts. � e grasses and sedges 
that were crushed between his large � at molar teeth 
constituted a diet unlike that of any other hominin.
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KEY IDEAS

 ■ The prehuman hominins can be grouped as (1) earliest, including the 
ardipithicines, (2) the australopithecines, and (3) robusts.

 ■ Inferences can be made about aspects of the way of life of prehuman 
hominins, including diet, habitat and social organisation.

 ■ No evidence exists for toolmaking by australopithecines, but limited 
evidence exists for tool use.

 ■ The evolutionary pathways among the prehuman hominins and their link to the 
� rst Homo species continue to be discussed and investigated by scientists.

QUICK CHECK

12 Identify the following statements as true or false:
a The fossil record contains several species of Australopithecus.
b The upper jaw of an australopithecine is identical to that of the chimp.
c From an examination of the zygomatic arch on a fossil skull, it is possible 

to draw conclusions about the strength of the bite of the species.
d The various australopithecine species lived in similar habitats.

13 What evidence, if any, exists for tool use by the australopithecines?

The genus Homo: human at last!
Africa is the site where the � rst members of the genus Homo appeared at least 
2.8 million years ago. Many di� erent species within the genus Homo evolved 
and existed before the � rst appearance of modern humans (H. sapiens) and 
some coexisted with our species. However, our species of Homo sapiens is now 
the only living member of this genus.

� e early Homo species or humans were di� erent from their australopithe-
cine ancestors and showed the following physical changes:
•	 a marked increase in their brain size, with an accompanying increase in the 

size of the cranium, including the height and the width of the skull
•	 a reduction in the size of their teeth and jaw muscles
•	 a � attening and shortening of the face, making the face nearly vertical.

You can see the result of the � attening and shortening of the face in 
� gure 12.46, which compares the skulls of a prehuman hominin (Au. africanus), 
an early human (H. erectus) and a modern human (H. sapiens). Note that as 
the human face became � atter and more vertical, the amount of the face that is 
visible from this perspective decreased. In prehuman hominins, the face tends 
to be concave and, because of their relatively much larger teeth and jaws, their 
faces project forward.

(a) Australopithecus africanus (b) Homo erectus (c) Homo sapiens

FIGURE 12.46 Top view of skulls of (a) Australopithecus africanus, (b) Homo 
erectus, an early human species, and (c) Homo sapiens. Note that, as the face 
became � at and near vertical, as in Homo sapiens, the teeth can no longer be 
seen in this view.
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Figure 12.47 shows side views of three skulls. � e skull of modern human 
(Homo sapiens) is � anked on the left by the cranium of a robust prehuman 
hominin (Paranthropus robustus) and on the right by the skull of an austra-
lopithecine (Australopithecus africanus). Note the � at face of the human in 
contrast to the sloping faces of the prehuman hominins.

(a) Paranthropus
     robustus

(b) Homo sapiens (c) Australopithecus
     africanus

FIGURE 12.47 Drawings (not to scale) of a side view of (a) cranium of Paranthropus 
robustus, (b) skull of a modern human, Homo sapiens, and (c) Australopithecus 
africanus, showing the contrast in the slope of the face. The evolution of the Homo 
species was accompanied by a � attening and shortening of the face.

What does it mean to be human?
‘Being human’ is not easy to de� ne. No single feature de� nes humanity. � e 
evolution of the genus Homo is linked to structural changes such as enlarge-
ment of the brain. Over the period starting from 2.8 million years ago, after the 
appearance of the � rst human species, the evolution of the genus Homo con-
tinued and is most signi� cantly associated with the development of complex 
cognitive skills and behavioural changes that include:
•	 making and using � re
•	 cooperating in group activities
•	 caring for aged and ill members of the species
•	 burying the dead
•	 the development of art, language, mathematics and music
•	 the use of symbols
•	 increasing use of technology that began with tools crudely fashioned from 

stone by Homo habilis, which has extended to the present-day use of com-
puters, lasers and spacecraft by Homo sapiens.

How many Homo species?
� e genus Homo is represented today by a single living species, Homo sapiens 
(meaning ‘wise man’), which includes people of all racial groups. Human 
populations show phenotypic variation (see � gure 12.48). Although variation 
exists between populations, humans share most features in common and are 
members of a single species, capable of interbreeding to produce viable, fertile 
o� spring.

For extinct organisms, decisions about de� ning species are made using evi-
dence available either directly or by inference from fossil bones and teeth. 
For this reason, there is no universal agreement on the number of di� erent 
Homo species within the genus Homo that have existed during its evolutionary 
history (over a period of about 2.5 Myr). Scientists who are ‘splitters’ tend to 
recognise more species, while those who are ‘lumpers’ tend to recognise fewer 
species. Recent analysis has led to the recognition of more species in the genus 
Homo. Disagreements between scientists are reminders that, even when they 
examine the same fossil material, scientists may di� er in their interpretations 
and conclusions.
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FIGURE 12.48 Just a little of the phenotypic variation within Homo sapiens.

Table 12.8 shows the major fossil species of the genus Homo. � e � rst entry 
in this table is a speci� c fossil identi� cation and does not identify a species. 
� is is a recently discovered jawbone that has been identi� ed as belonging to 
the genus Homo.

TABLE 12.8 Table showing the major Homo fossils, their year of discovery or public announcement, and the estimated 
age ranges for each species. Mya = millions of years ago. The fossil specimen LD 350-1 has not yet been assigned to a 
particular human species, so it is listed by its fossil identi� cation number.

YEAR Species of genus Homo Where discovered Age range

2015 LD 350-1 Ethiopia 2.8 Mya

1964 Homo habilis Olduvai Gorge, Tanzania 2.4–1.4 Mya

2016 Homo naledi South Africa 1.98 Mya

1986 Homo rudolfensis East Africa ~1.9–1.8 Mya

1891 Homo erectus Trinil, Indonesia 1.89 Mya – 143  000 yr ago 

1908 Homo heidelbergensis Heidelberg, Germany 700  000 – 200  000 yr ago

1829 Homo neanderthalensis Neander Valley, Germany 400  000 – 40  000 yr ago

2003 Homo � oresiensis Flores Island, Indonesia 100  000 – 60  000 yr ago

2010 Denisovans Siberia 41  000 yr ago
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Figure 12.49 below shows the timelines of the major human species 
in relation to those of the prehuman hominin species. Can you identify 
two species that lived at the same time? Would they necessarily have interacted?
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FIGURE 12.49 Timelines of hominin species, both human and prehuman.

Expansion of the human brain
Sir Arthur Keith (who originally discounted the Taung child fossil) believed that 
brain volume de� ned ‘being human’. In his 1948 essay, ‘Crossing the Rubicon 
twixt Ape and Man’, Keith identi� ed a brain volume of 750 mL as the critical 
lower limit for a fossil to be classi� ed as a member of the genus Homo.

Increased brain capacity, along with the greater cognitive capabilities it 
provides, distinguishes members of the genus Homo (humans) from the 
australopithecines.

Figure 12.50 shows the brain volumes in various hominins, both prehuman 
and human. For about 2 million years (4.5 to 2.5 Mya), hominin brain volumes 
(based on measures of endocranial volume) remained at 400 to 500  millilitres, 
a little larger than that of the great apes.

However, after the appearance of Homo habilis, brain volume changed 
much more rapidly, more than doubling in the next 2 million years, but this 
was not accompanied by a doubling of the sizes of other body parts. � is indi-
cates that a strong selection pressure for increased cognitive processing was 
acting on populations of early humans, with improved problem-solving skills 
and the ability to plan, conferring a survival advantage. It should be noted that 
the power of an enlarged brain was only able to be used to advantage because 
of earlier evolutionary developments, such as the presence of an opposable 
thumb on the hands, giving remarkable manual dexterity, and the develop-
ment of sustained bipedal locomotion, freeing the hands.
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FIGURE 12.50 Graph showing 
the rate of increase in size 
of the hominin brain over the 
7 million years of hominin 
evolution. Note the rapid 
increase in the rate of growth 
starting just under 2 million 
years ago.

� e disproportionate size of the brain relative to average body mass in 
members of genus Homo is seen even more clearly when average brain size is 
plotted against average body mass (see � gure 12.51).
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FIGURE 12.51 Graph of 
average brain volume against 
average body mass. Note the 
disproportionate expansion 
of brain volume in various 
human species, as compared 
to prehuman great apes and 
the early hominins. Brain 
size doubled from Homo 
habilis to Homo sapiens. 
Did the average body mass 
also double?

� e expansion of the brain in Homo species did not occur evenly over all its 
parts. Instead, the cerebral cortex (neocortex), the region of the brain concerned 
with cognitive abilities such as abstract reasoning, complex problem- solving 
skills, forward planning and social skills, expanded at a higher rate than most 
other brain regions, except for the cerebellum, which also expanded dispro-
portionately. � e cerebellum of the brain controls motor functions.
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� e brain is an energy-hungry organ. A large brain comes with a high- energy 
cost. In modern humans, the brain represents about 2 per cent of body mass 
but uses about 20 per cent of the total energy intake. In contrast, the � gure for 
energy usage of ape brains is about 13 per cent, while that of other mammals is 
between 2 and 8 per cent.

� e inclusion of meat in the human diet and the later use of � re for cooking 
produced the extra nutrients and energy for brain growth. What were the 
selective pressures on early human populations for this brain growth? Some 
researchers propose that a global shift in climate (cooling and drying) about 3 
to 2.4 Myr ago reduced the area of lush forested areas of Africa and gave a selec-
tive advantage to individuals with greater cognitive skills. � ese individuals 
were better equipped to exploit the resources in the new habitats arising from 
the climate change. For example, hominins may have followed game herds 
and obtained meat by scavenging the kills of predators.

Let’s now explore some of the species in the genus Homo, starting with the 
earliest species, Homo habilis.

The � rst toolmakers: Homo habilis
In the early 1960s, the � rst human fossils were found by Louis Leakey in East 
Africa and were given the scienti� c name Homo habilis. � e earliest of the 
known H. habilis fossils have been dated at about 2.4 Myr old. � e evidence for 
being declared human was that these fossils had relatively greater brain size 
(approximately 640 millilitres) and smaller teeth than members of the genus 
Australopithecus.

Simple stone tools have been found at sites where H. habilis fossils have been 
found. � is suggests that habilines were probably the � rst hominins who 
purposefully struck stone � akes o�  pebbles to create sharp-edged � akes (see 
� gure 12.52) to use as tools. � is procedure is termed Oldowan toolmaking.

FIGURE 12.52 About 1.5 Myr 
ago, Homo habilis used a stone, 
known as the hammer stone, to 
strike another stone, known as 
the core, to knock off � akes of 
stone with sharp edges. These 
� akes were probably used for 
cutting the thick skin (hide) of 
dead animals and for scraping 
meat from bones.

� ese stone � akes were humanity’s � rst ‘knives’ and they could be used in 
various ways: for example, as ‘scrapers’ to scrape � esh o�  bones or fat from 
skins, and as ‘cutters’ to cut through the tough outer hides of dead mammals to 
obtain the muscle tissue and to cut through tough tendons. Larger stones were 
used as tools to smash long bones. (Why do this?)

Discarded tools and broken animal bones associated with habiline fossil sites 
support the conclusion that the habilines were the � rst hominins to include 
meat as a main dietary item, which is more nutritious than tubers and roots. H. 
habilis may have obtained meat by collecting carrion (animals killed by other 

ODD FACT

The brains of apes, including 
humans, have a greatly 
expanded cerebellum relative 
to its size in monkeys, a 
difference that is equal to 
16 billion extra neurons. 
(Source: New Scientist 
11 October 2014.)

Homo habilis individuals are called 
habilines.
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predators) on the African grasslands. In order to gather carrion, habilines may 
have worked in cooperative groups and used stones to drive predators, such 
as hyenas, away from their kill. Using their stone tools, the habilines could cut 
through tough hides, cut chunks of meat from a kill and carry food to a safer 
place for eating.

Revision of the habilines
A great deal of variability existed in the fossils originally identi� ed as H. habilis 
and, in 1992, a revision of the fossils identi� ed as H. habilis took place. One 
important question to decide was: Are observed variations due to di� erences 
within a species, or are the variations a result of di� erences between species? 
� e consensus view was that the fossils belonged to two di� erent species, and 
so these habiline fossils were split into two groups:
•	 the smaller brained Homo habilis with a more prominent brow ridge
•	 the larger brained Homo rudolfensis with a less prominent brow ridge (see 

� gure 12.53).
Fossils of these two species are restricted to East Africa and South Africa, 

consistent with the fact that the early evolution of the genus Homo occurred 
in Africa.

� is split means that, about 2 million years ago in East Africa, two dif-
ferent human species existed: H. habilis and H. rudolfensis.

FIGURE 12.53 Problems of the great variability in fossils originally classi� ed as 
Homo habilis were resolved when this group was split into two species: (a) H. 
rudolfensis and (b) H. habilis. Which has the larger brain? The stronger brow 
ridges?

(a) H. rudolfensis (b) H. habilis

The � rst human emigrants: Homo erectus
� e earliest fossils of H. erectus are dated at about 1.8 Myr old and the latest up 
to about 143  000 years old. Figure 12.54 shows a H. erectus skull compared to 
that of a modern human (H. sapiens). Some of the key di� erences are noted. 
Of all the human fossil species, the Homo erectus species survived for about 
1.7 million years. More importantly, Homo erectus is believed to have been the 
direct ancestor of later human species.

ODD FACT

Debate still continues about 
the classi� cation of H. habilis 
and H. rudolfensis. In the 
case of Homo rudolfensis, the 
debate is whether it should 
retain its human classi� cation 
or whether it should be 
reclassi� ed, for example, 
as a member of the genus 
Kenyanthropus.
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FIGURE 12.54 Skulls of (a) Homo erectus and (b) a modern human, H. sapiens. 
Which species has a more vertical forehead? A larger cranium? More prominent 
brow ridges?

Figure 12.55a shows some locations where fossils of H. erectus have been 
found. Note that the undisputed oldest specimen of H. erectus comes from 
Kenya in Africa. However, H. erectus fossils have been found in other conti-
nents and these fossils indicate that, early in its evolutionary history, this 
species migrated out of Africa to other continents (see � gure 12.55a). So, Homo 
erectus appears to be the � rst human emigrant from Africa to other parts of 
the world.

In each geographic region where Homo erectus spread, populations devel-
oped local variations that can be seen in di� erences between the so-called 
‘Java Man’ and the ‘Peking Man’ (see � gures 12.55b and 12.55c).

FIGURE 12.55 (a) Map showing some sites where Homo erectus 
fossils have been found. Approximate ages (Myr) of the fossils are 
given in brackets. (b) This cave in Zhoukoutien (near Beijing) in China 
was the site of the discovery in 1927 of the so-called Peking Man, 
later recognised as H. erectus. This site is now listed as a World 
Heritage site. (c) The Peking Man Museum at the Zhoukoutien World 
Heritage site features a representation of H. erectus. (Images (b) and 
(c) courtesy of Judith Kinnear.)
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ODD FACT

Some scientists believe that 
Homo erectus should be split 
into two species, H. erectus 
and H. ergaster, with H. 
ergaster being the ancestral 
species in Africa, and H. 
erectus being the descendant 
species that spread out of 
Africa into Europe and Asia.

In this book, the term Homo 
erectus is used for both the African 
species and the species that spread 
from Africa.
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Homo erectus was the � rst human species with body proportions similar 
to modern humans. � e most spectacular discovery of a fossil Homo erectus 
occurred in 1984 when a nearly complete skeleton of a boy (see � gure 12.56) 
was found at Lake Turkana in Kenya. � is skeleton was found in sediments 
dated at 1.6 Mya. � e boy was estimated to have been about eight years old 
when he died, and his brain capacity was 880 mL. His height at that stage was 
about 162 centimetres — and as an adult he may have reached more than 
183 centimetres.

Making tools and controlling � re
� e brain size of H. erectus was about 900 millilitres, considerably more than 
that of H. habilis (640 mL) and about 75 per cent that of modern humans.

Homo erectus was a smarter hominin and, as a result, a number of new 
behaviours and skills appeared for the � rst time in this species, such as:
•	 controlled use of � re
•	 crafting of more elaborate stone tools — the so-called Acheulean technology 

used by Homo erectus to make tools was far more sophisticated and skilful 
than the Oldowan toolmaking technology of Homo habilis

•	 evidence of systematic hunting.
Evidence supports the hypothesis that Homo erectus with its large brain was 

the � rst human to use � re in a controlled way. Evidence for the controlled use 
of � re comes from burnt bones and concentrated charcoal and ash deposits 
found in caves that were occupied by Homo erectus. � ese deposits can be dis-
tinguished from those of natural bush� res, which typically burn less intensely 
than a camp� re and over a larger extent.

Fire may have been used by Homo erectus for a variety of purposes, such as:
•	 to provide warmth in cold climates
•	 for cooking meat and plant material so that it was more tender, more easily 

digested and hence more nutritious (see � gure 12.57)
•	 for protection from predators
•	 for light at night.

FIGURE 12.57 The controlled 
use of � re goes back at least 
to the time of Homo erectus. 
Our use of � re for cooking 
food is an ancient human 
behaviour, so, when you are 
next at a barbeque, give a 
thought to the Homo erectus 
humans.

H. erectus made tools according to a regular pattern. Beautifully crafted 
hand axes and other tools made of stone and bone are typical of the 
Acheulean technology of H. erectus. Figure 12.58 shows the process of making 
a hand axe using the so-called Acheulean technology of H. erectus. � is process 
involves control and planning as a regular sequence of stone � akes is chipped 

FIGURE 12.56 Fossil skeleton 
of the Turkana Boy, now called 
Nariokotome Boy, a member 
of the species Homo erectus.

ODD FACT

The best evidence of controlled 
use of � re, a behaviour seen 
only in humans, comes from 
cave deposits in China that 
have been dated at about 
400  000 years ago.
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from the two faces of a large pebble. � e tools used to remove these � akes were 
hand-held ‘hard’ hammers made of stone and ‘soft’ hammers made of bone or 
antler. R. Lewin (in Human Evolution, Fifth Edition, Blackwell Publishing, 2005, 
p. 169) suggests that the Acheulean hand axe ‘may have been the Swiss Army 
knife of the Lower Palaeolithic [early Stone Age]’. Research being carried out at 
Emory University in the United States shows that the skills needed to produce 
symmetrical hand axes with sharp, regular edges are acquired only after long 
periods of practice. � is research has also shown that di� erent areas of the 
brain are activated when making a stone tool using the Acheulean technique of 
Homo erectus as compared to those areas that are activated when making � akes 
using the Oldowan toolmaking technique of Homo habilis.

(a)

(b)

50
Centimetres

(c)

FIGURE 12.58 (a) A researcher 
in the process of making a 
hand axe using Acheulean 
toolmaking technology. Note 
the piece of antler being used 
as a hammer to remove � akes 
from two faces of the core stone 
to shape it into a hand axe. 
(b) A modern hand axe made 
using the Acheulean toolmaking 
technique. (c) Edge-on view 
and side view of an Acheulean 
hand axe. Note the symmetry 
and the sharp edge of this tool. 
(Images (a) and (b) courtesy 
of Dr Dietrich Stout, Emory 
University, USA.)

Both the sophisticated toolmaking ability of Homo erectus humans and their 
controlled use of � re point to intelligence and planning. Relative to the earlier 
habilines, the increased brain capacity in Homo erectus gave this human 
species greater ability to plan and to act intelligently.

It appears that Homo erectus individuals were able to make sounds but could 
not articulate the varied and rich vocal patterns of true speech, which involves 
pronunciation, timing and intonation. Communication between early humans 
would probably have been a combination of facial expressions and vocalisa-
tions, but not spoken language. Supporting evidence for this claim came from 
the Homo erectus skeleton found in 1984. Each of the bony vertebrae in the 

ODD FACT

The � rst evidence that Homo 
erectus produced not only 
tools but also made abstract 
patterns was recognised in 
2014 from a deep zig-zag 
etched on the shell of a fresh 
water clam dated at about 
500  000 years ago and found 
in Trinil, Indonesia. Until this 
Trinil etching was identi� ed, 
the oldest human etching was 
a 75  000-year-old etching on 
stone found in South Africa.
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spinal column (backbone) has a space through which the spinal cord passes. 
� e spinal cord consists of nerve tissue including nerves that control muscles. 
In Homo erectus, the space in the vertebrae in the neck region is only half as 
big as in modern humans (see � gure 12.59). � is means that there was less 
nerve tissue in the spinal cord of H. erectus, and a detailed study concluded 
that this species lacked the � ne muscle control of breathing that is necessary 
for speech.

FIGURE 12.59 Vertebrae from 
(a) Homo erectus and 
(b) Homo sapiens. Note that 
the space within the bone 
that accommodates the spinal 
cord is far larger in modern 
humans than in H. erectus. 
What conclusion was drawn 
from this difference?

(a) (b)

The Hobbit: Homo � oresiensis
In October 2004, the discovery was announced of a remarkable hominin fossil 
found in a cave on Flores Island in Indonesia. It comprised the skull, teeth and jaw 
of an adult female and was given the scienti� c name Homo � oresiensis (see � gure 
12.60). Later, other fossils of the same species were found in the same location. 
Based on recalculation of the age of these bones announced in 2016, these fossil 
bones have been redated from about 100  000 to 60  000 years ago. � is redating 
indicates that this species became extinct much earlier than previously believed.

Homo � oresiensis is a new hominin species. Where does this species � t 
in the human family tree? One view is that this species evolved from Homo 
erectus. Further studies, possibly of ancient DNA extracted from fossil bones, 
will shed light on the relationships of H. � oresiensis.

What was remarkable about this fossil was its size. � e adult female H. � ore-
siensis was just one metre tall and had a brain capacity of just 380 millilitres in 
a head ‘about the size of a grapefruit’ (compared to a brain capacity averaging 
1400 mL in modern humans). H. � oresiensis made tools and used � re.

FIGURE 12.60 Photo taken 
in 2007 showing Dr Mike 
Morwood (at right) with 
another scientist examining 
stone artefacts found in 
the Liang Bua cave on the 
Indonesian island of Flores. 
Dr Morwood was the leader 
of the Australian–Indonesian 
team that, in 2003, made 
the discovery in this cave 
of the hominin fossil Homo 
� oresiensis, popularly called 
the Hobbit.
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Homo heidelbergensis
It is hard to identify where the fossil record of Homo erectus ends and that of 
Homo sapiens begins. � is di�  culty occurs because fossils exist that are inter-
mediate between the two species. � e intermediate form is known as Homo 
heidelbergensis. (see table 12.9).

TABLE 12.9 Comparison of various Homo species. What single feature distinguishes 
Homo heidelbergensis from Homo erectus?

+ : feature present
− : feature absent

Feature H. erectus H. heidelbergensis H. sapiens

prominent brow ridges + + −
rounded skull − − +
big teeth + + −
sloping forehead + + −
large brain (≥1200 mL) − + +
pointed chin − − +

Source: Based on information from the Australian Museum.

� is human species can be di� erentiated from Homo erectus by its larger 
brain case (1100 to 1200  mL), which is about 93 per cent that of modern 
humans. H. heidelbergensis is generally accepted as the direct ancestor of the 
Neanderthals (Homo neanderthalensis).

� e � rst fossil of Homo heidelbergensis was a heavily built lower jawbone 
with small human-like teeth that was found in a quarry at Mauer, a village near 
Heidelberg, Germany, in 1907. In 1908, this fossil was announced as a new 
human species, Homo heidelbergensis. However, it was only after the discovery 
of numbers of similar fossils in Europe, Africa and Asia that H. heidelbergensis 
became more widely accepted as a human species. � e African fossils are 
the oldest, indicating an African origin for this species. Figure 12.61 shows a 
sample of the locations where Homo heidelbergensis fossils have been found.
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FIGURE 12.61 Map showing 
the location of some Homo 
heidelbergensis fossil � nds. 
Where have the oldest of 
these fossils been found?
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Fossilised skeletal remains found in Europe provide evidence of short stocky 
bodies, as would be expected for the colder climate, and large brow ridges. � e 
cranial capacity that indicates brain size was typically in the range of 1200 to 
1300  mL.

Homo neanderthalensis
In 1856, parts of a fossilised human skeleton were found in a cave in the 
Neander Valley in Germany. � ese strongly built, heavy fossilised bones indi-
cate that they came from a sturdy, stocky individual. � is fossil was later called 
Homo neanderthalensis, after the site of its discovery. Later, similar fossils 
were found in many locations in Europe and the Middle East. As it turned out, 
Neanderthal fossils had also been found as early as 1829 but they were not 
recognised at that time as fossils of an extinct human species.

Neanderthal people had large brains with an average size of 1400 mL, were 
short and strongly built, had long, low and wide skulls, low sloping foreheads, 
heavy brow ridges, rounded chins, large eye sockets, projecting faces and 
a gap between the last molar and the back of the jaw (see � gure 12.62). � e 
Neanderthal inner ear bones are di� erent from those of modern humans.

At least 440 000 years ago, the line that gave rise to the Neanderthals split 
from the line that was to give rise to modern humans. Some researchers place 
the time of this split much earlier, at 500 000 to 800 000 years ago, when the 
human line and the Neanderthal line both split o�  from a common ancestor, 
most probably Homo heidelbergensis. (In the rest of this chapter, the � gure 
used for this divergence will be ‘at least 440 000 years’ ago.)

FIGURE 12.62 Neanderthals (at left) can be distinguished from Homo sapiens 
(at right) by their lower, heavier skulls, the shape of their brain case (cranium), lower 
foreheads, more protruding jaws and prominent brow ridges. The average brain 
volume of Neanderthals (1400 mL) is greater than that of modern humans.

 
Neanderthal people crafted � ne tools from � akes of stone struck from rocks, 

they produced ornaments and, evidence from a Neanderthal gravesite in 
Israel supports the proposal that they may have sometimes buried their dead. 
Neanderthals lived in caves but when caves were not available they made shel-
ters of animal skins on wooden frames. Neanderthals also made clothing for 
their bodies and feet.

� e Neanderthals exist in the fossil record in Europe and the Middle East 
over a period from about 200  000 to about 30  000 years ago. Sometime after 
this, Neanderthal fossils disappear from the fossil record. Because Neanderthal 

ODD FACT

A German anatomist, 
August Mayer, identi� ed the 
Neanderthal fossil found in 
1856 as the remains of a 
Cossack (Russian soldier) 
from the early 1800s wars 
who wandered around 
Germany and died in a cave. 
His thick-set bones were 
explained by Mayer as being 
the result of the Cossack 
spending most of his life on 
horseback, combined with 
the effects of old age and 
arthritis.

ODD FACT

Impacted wisdom (third 
molar) teeth occur in some 
people because the small 
jaws of Homo sapiens 
cannot always accommodate 
the full set of adult teeth. 
The larger jaw of Homo 
neanderthalensis meant 
that impacted wisdom teeth 
were not a problem for 
these people.
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people overlapped in time with modern humans, they are not ancestors of 
modern humans, but are cousins. Neanderthals are believed to have evolved 
from Homo erectus.

Neanderthals are a distinct species
In 1997, a sample of mtDNA was isolated from a 40  000-year-old piece of arm 
bone of a Neanderthal fossil. � e mtDNA was partly degraded but short DNA 
fragments were obtained. � ese many short fragments were ampli� ed using 
the polymerase chain reaction (PCR). Overlapping regions were identi� ed 
and, using these overlaps, a long sequence (379 bases) of Neanderthal mtDNA 
was obtained. � e Neanderthal mtDNA sequence was compared with those 
of modern humans, and an average di� erence of 27 bases was noted. In con-
trast, the average di� erence between human mtDNA samples is eight bases. 
� is � nding strongly suggested that modern humans and Neanderthals are dif-
ferent species.

Later, in 1999, 2002 and 2004, longer segments of Neanderthal mtDNA 
were obtained from di� erent Neanderthal fossils (see � gure 12.63). All the 
Neanderthal sequences showed a high degree of similarity to one another, but 
were clearly distinct from the modern human samples.

FIGURE 12.63 A scientist starting to extract DNA from a sample of Neanderthal bone.

In 2010, the � rst reconstruction of the entire Neanderthal nuclear genome 
obtained from the 38  000-year-old bones of several Neanderthals was 
achieved by Svante Pääbo’s team at the Max Planck Institute for Evolutionary 
Anthropology in Leipzig, Germany. Comparison of the Neanderthal genome 
with the genome of modern humans revealed many single base di� erences, 
su�  cient to identify them as two di� erent species. (� e di� erences between 
Neanderthals and modern humans are much greater that the di� erences 
between any two modern humans.)

Both the physical di� erences and the genetic di� erences support the conclu-
sion that Homo neanderthalensis and Homo sapiens are di� erent species and 
that the former diverged at least 400  000 years ago from the line that later gave 
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rise to H. sapiens. � e two species coexisted in several areas of the Middle East 
and Europe for tens of thousands of years before Neanderthals became extinct.

Gene � ow between Neanderthal and modern humans
� e Neanderthals coexisted with modern humans in some regions. Did 
Neanderthals and our modern human ancestors interbreed? Fossil evidence to 
answer this question is not available, but genome sequencing has been crucial 
in providing an answer.

Comparisons of the nuclear genomes of modern humans with those 
of Neanderthals reveal that about one to four per cent of the DNA of all 
non-African modern humans living today came from Neanderthals. Only 
native Africans do not have any Neanderthal DNA.

� is � nding provides evidence that, after leaving Africa, modern humans 
interbred with Neanderthals. � e major exodus of modern humans out of 
Africa occurred about 65  000 years ago. � is interbreeding most likely occurred 
in the Middle East where both species coexisted for a long period and before 
modern humans spread into Europe and Asia from the Middle East. So, all 
modern humans, except Africans, today carry in their genomes evidence of 
gene � ow from Homo neanderthalensis to Homo sapiens.

More recent evidence published in the science journal Nature in February 
2016 indicates that some interbreeding between modern humans and 
Neanderthals occurred as early as 100  000 years ago. � is evidence comes 
from the genome sequence of the skeletal remains of a female Neanderthal 
found in the Altaia mountains in Siberia and dated at 100  000 years ago. Her 
genomic DNA shows the presence of modern human DNA sequences, indi-
cating gene � ow from Homo sapiens to Homo neanderthalensis. Not only does 
this provide evidence of much earlier interbreeding between Neanderthals 
and modern humans, it also provides evidence that some groups of modern 
humans migrated out of Africa thousands of years before the main out-of-Af-
rica migration that occurred about 65  000 years ago.

Figure 12.64 shows the two phases of interbreeding between Neanderthals 
and modern humans as described above.

Common
ancestor

Modern
humans

Neanderthals

South Africa

West Africa

New Guinea

East Asia

Western Europe

Interbreeding

Extinction
30000 years ago

Genetic testing found Neanderthal
genes in people from these regions

More than
440000 years
ago

FIGURE 12.64 Diagram showing the gene � ow events or interbreeding that occurred between 
modern humans and Neanderthals (denoted by dotted lines connecting the human and the 
Neanderthal lines). Note the two time periods when this interbreeding occurred.

ODD FACT

Evidence that modern 
humans and Neanderthals 
coexisted in the Middle 
East comes from the 2015 
report of the discovery of 
a 55  000-year-old modern 
human skull in a cave in 
Israel. Neanderthals are 
known to have lived widely 
across this region.
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�is small percentage of Neanderthal DNA that is present in today’s non- 
African modern humans is not the same in each person. Di�erent people 
today can have di�erent segments of Neanderthal DNA. In all, about 30 per 
cent of the total Neanderthal genome is represented in the gene pool of 
non-African modern humans. Neanderthal genes identi�ed in the genome of 
modern humans today include genes involved in features relating to skin and 
hair — thicker skin, paler skin, and thicker hair — and other genes related to 
the function of the innate immune system.

�e Neanderthals disappeared from the fossil record about 30  000 years ago. 
�e reason for the demise of the Neanderthals is not known. Several hypoth-
eses are being explored, including competition from better equipped modern 
humans, and climatic instability.

.  .  .  and just to complicate the human story, as we will see in the next section, 
another extinct group of humans, the Denisovans, have also left their mark on 
the gene pool of several modern human populations.

The Denisovans
A tiny �nger bone that was found in 2008 in the Denisova cave in south-western 
Siberia came from a human female who lived about 40  000 years ago. �e DNA 
extracted from this bone yielded a partial DNA sequence and, unexpectedly, 
this DNA did not match that of modern humans or Neanderthals or any other 
known hominin. �e DNA was identi�ed as that of a new human group that 
has been called the Denisovans. So, another human group coexisted with 
modern humans and Neanderthals. �is was the �rst time an extinct human 
group was recognised, not by fossil bones, but by comparative DNA analysis. 
Although Denisovan fossil material has so far been found only in Siberia, it is 
probable that these people spread over Asia. In the case of the Denisovan girl, 
her DNA included the gene variants (alleles) that would have made her brown-
eyed, with brown hair and dark skin.

Teeth recovered in the same cave were also identi�ed as Denisovan in origin. 
From these various fossils, the German research team constructed an entire 
Denisovan genome sequence. Comparative genomic studies revealed that the 
modern humans of that period interbred with Denisovans. Traces of this inter-
breeding are seen today in the presence of Denisovan DNA in some human 
populations, such as present-day modern humans in the Oceania region and 
in mainland Asia. �e highest percentages (3 to 5%) of Denisovan DNA are 
found today in Melanesian populations, such as those of Papua New Guinea. 
�is interbreeding probably occurred when the ancestors of these present-day 
humans were migrating across southern regions of Asia.

Modern humans, Neanderthals and Denisovans all descended from a 
common ancestor that lived many hundreds of thousands of years ago. �is 
common ancestor is thought to have been Homo heidelbergensis. �e ances-
tors of modern humans then diverged to form a separate branch that has 
lasted to the present time and produced Homo sapiens, the modern human. 
�e other branch was to give rise to the Neanderthals and the Denisovans. At a 
later time, the Neanderthals and the Denisovans split from each other to form 
two new evolutionary lines.

Figure 12.65 shows these divergences in the human evolutionary line and 
the interbreeding between the various human species that has been revealed 
by comparative genomic studies. �ese studies indicate that several gene �ow 
(interbreeding) events occurred between Neanderthals, Denisovans and early 
modern humans. �e possibility also exists of gene �ow into Denisovans from 
an unknown archaic group.

ODD FACT

The DNA extracted from 
the jawbone of a modern 
human male found in a cave 
in Romania was sequenced 
and found to include 
between six to nine per cent 
Neanderthal DNA. This high 
level of Neanderthal DNA 
indicates that this European 
male who lived 40  000 years 
ago had a Neanderthal 
ancestor between four and 
six generations back.

ODD FACT

The Denisovan cave is named 
after a Russian hermit named 
Denis, who lived in this cave 
in the 1700s.
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FIGURE 12.65 Diagram 
showing gene � ow or 
interbreeding (denoted by 
dotted arrows) between 
hominin species as revealed 
by comparative genomics. 
Neanderthals are shown as 
two geographically separated 
groups, but they are the one 
species. The fading of the 
lines for most groups denotes 
their extinction.

In various publications, the dates of the divergences shown in � gure 12.65 
above can di� er. Why the di� erences?

� e di� erences depend on the methods used to obtain an estimate of a par-
ticular date. � is may be either fossil evidence or genomic evidence, and the 
DNA evidence may be from nuclear DNA or mitochondrial DNA. Based on 
comparisons of their genome sequences, the line leading to modern humans, 
and the Neanderthal–Denisovan line most likely diverged about 600  000 years 
ago in Africa. � e split of the Neanderthals from the Denisovans is estimated 
to have occurred at least 440  000 years ago. Following this split, the Denisovans 
migrated east into Asia and some Neanderthals migrated west into Europe.

Modern humans: Homo sapiens
We belong to the species Homo sapiens, sometimes termed ‘modern 
humans’. Fossil evidence shows that modern humans evolved in Africa about 
200  000 years ago. In the relatively short period of 200  000 years since modern 
humans emerged in Africa, as compared to the 7 million years since the human 
line split from the chimp line, the modern human species has spread across 
the globe. Modern humans now occupy almost all the world’s terrestrial habi-
tats. � is geographic expansion has been supported by cultural developments 
and technological evolution as described on pages 600 to 606 below.

� e � rst Homo sapiens people are sometimes called Cro-Magnons 
after a location in southern France where fossils of this type were found. 
A  Cro-Magnon skull found in 1868 in a rock shelter in a limestone cli�  was 
among the � rst fossils to be recognised as members of the modern human 
species, Homo sapiens.

Indistinguishable from today’s human beings, Cro-Magnon people had:
•	 large brains with an average size of 1350 millilitres
•	 high, steep foreheads
•	 short, high, narrow skulls
•	 small or absent brow ridges
•	 small eye sockets
•	 pointed chins
•	 no gap between the third molar and the jawbone.

Unit 4 Characteristics of 
humans
Summary 
screen and 
practice questions

AOS 1

Topic 4

Concept 7
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Cro-Magnons were very skilful toolmakers and produced a range of stone 
items that could be used to scrape, cut, chisel and pierce. � ey used their stone 
tools to craft other materials, such as bone and ivory, to produce a variety 
of instruments including � sh hooks and needles. Evidence of the art of Cro-
Magnons exists in caves in France and Spain where wall paintings depict 
animals that the Cro-Magnon people hunted (see � gure 12.66).

FIGURE 12.66 Cro-magnon 
art. Cro-Magnons were the 
earliest modern humans in 
Europe. This image shows 
detail from the Black Frieze 
in the Pech Merle cave, 
Lot, France, from about 
15  000 years ago. Note the 
mammoth (at left) and an 
auroch (at right) painted in 
black outline.

Cro-Magnons buried their dead. Burials dated at 30  000 years ago have been 
found where bodies were decorated with necklaces and surrounded by objects 
such as clay � gurines and tools of bone and stone that were buried with them.

Modern humans are capable of abstract thought, forward planning 
and complex speech, make use of symbols and conduct ceremonies 
(see � gure 12.67). We are the only living species that can contemplate the 
future, including our own deaths.

FIGURE 12.67 Modern humans 
are characterised by the use of 
symbols and ceremonies.

ODD FACT

The world’s greatest collection 
of prehistoric human art was 
discovered in 1994 in the 
Chauvet cave in southern 
France. This art is dated 
at 36  000 years ago and is 
spread over six chambers in 
the cave. Included among the 
400 charcoal drawings are 
woolly rhinoceroses, lionesses 
in pursuit of aurochs (extinct 
cattle) and wild horses.
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Views of human evolution
A nineteenth-century concept was that there was a ‘missing link’ between ape-
like ancestors and modern humans, as shown in � gure 12.68a. � e human 
family tree was seen as a straight line from an erect-walking ape-like ancestor 
or ‘missing link’, through ancestral forms, each being more human-like and 
less ape-like, and � nally producing modern humans, Homo sapiens.

(a)
The ‘missing link’

Modern humans

To modern African great apes
Common

ancestor of
great apes

and humans

19th century

(b)

Modern
humans

To modern African great apes
Common

ancestor of
hominin line
and African 

great ape line

Late 20th
century

FIGURE 12.68 (a) The nineteenth-century concept of a ‘missing link’ between 
the last common ancestor of modern African great apes and humans. (b) A late 
twentieth-century concept of an evolutionary ‘bush’ with many side branches. 
Note that this diagram illustrates a concept, not the precise number of side 
branches.

Instead of a short straight evolutionary line, a spate of hominin fossil 
 discoveries during the last third of the twentieth century produced an evo-
lutionary pathway leading to modern humans that is a bush with many 
branches, mostly with dead ends (see � gure 12.68b).

Figure 12.69 shows a view of hominin evolution that identi� es the major 
branches on the evolutionary ‘bush’.

Figure 12.69 does not to capture the most recent discoveries of new species, 
such as the Denisovans, which have made the hominin evolutionary bush 
even more tangled when interbreeding is brought into the equation.

New fossil discoveries, such as Homo naledi, � rst described in 2015, raise 
questions about their places in hominin evolution. Similar questions were 
asked when detailed descriptions of the fossil hominin Australopithecus 
sediba were � rst published in 2011, showing that it had some features 
similar to the australopithecines and others similar to early Homo species. 
As stated in the 9 September 2011 issue of the journal Science: ‘Partial skel-
etons of 2-million-year-old hominin Australopithecus sediba leave researchers 
impressed by their completeness but scratching their heads over the impli-
cations for our family tree’.
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FIGURE 12.69 Evolutionary links between major hominin groups. Precise ancestral species are not identi� ed, apart 
from some inferred ancestral links between species within the genus Homo. Not every hominin fossil is included.

Comparative genomics is providing new insights to hominin evolution. It 
was only through comparative genomics that the Denisovans, the new hom-
inins in our family tree, were discovered. As at 2016, the Denisovans are 
represented by a tiny � ngerbone and two teeth and have been described as ‘a 
genome in search of a fossil’.

Just a few years ago, the existence of interbreeding between modern humans 
and Neanderthals was not known. Today, we know that modern humans 

ODD FACT

In 2007, Meredith Small 
described the human family 
tree as ‘now a tangled messy 
bush’. What might she write a 
decade later?
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interbred with Neanderthals and with Denisovans and that various groups of 
today’s modern humans carry that evidence in their genomes, most vividly the 
Melanesian people of islands of the western Paci�c.

KEY IDEAS

 ■ The earliest human species is generally accepted as Homo habilis.
 ■ The genus Homo also includes H. erectus, H. heidelbergensis, 
H. neanderthalensis and H. sapiens.

 ■ There is no agreement as to the number of human species; some scientists 
favour ‘splitting’ of some species; others favour ‘lumping’.

 ■ Evolution within the genus Homo involved physical trends, including an 
increase in brain size and cognitive abilities, a decrease in tooth size, and 
behavioural changes, including controlled use of �re and use of symbols 
and ceremonies.

 ■ Modern humans are probably the �rst Homo species to develop speech in 
contrast to vocalisations.

 ■ Modern humans emerged in Africa about 200  000 years ago.
 ■ Comparative genomic evidence has identi�ed the existence of a new 
human group called the Denisovans.

 ■ Comparative genomics provides evidence that interbreeding occurred 
between modern humans and Neanderthals, and between modern humans 
and Denisovans.

 ■ The hominin evolutionary tree is highly branched and is subject to change 
as new hominin fossils are discovered.

 ■ Comparative genomics has become an important investigatory tool in 
hominin evolution.

QUICK CHECK

14 Identify the following as true or false:
a H. erectus appeared earlier in the fossil record than H. habilis.
b When the �rst human species appeared, all the australopithecines were 

extinct.
c The term Acheulean refers to the stone tools made by H. erectus.
d Interbreeding occurred between Neanderthal and the modern humans.
e A ‘splitter’ would separate H. erectus into two species: H. ergaster and 

H. erectus.
15 Name the following:

a the �rst hominin species to make controlled use of �re
b the �rst hominins to eat meat as a major component of their diet
c the term used to describe the simple tools made by the habilines
d the �rst human species to leave Africa
e the �rst human group to be identi�ed by comparative genomics.

16 Identify two physical differences between H. heidelbergensis and  
H. sapiens.

Changing lifestyles of H. sapiens
�roughout most of the 2.8 million years of its evolutionary history, members 
of the genus Homo obtained food by scavenging carrion, by hunting animals 
and by gathering plant materials. �is lifestyle was nomadic, and commu-
nities moved during the year to follow the food supplies. Human groups living 
a completely nomadic life as hunter–gatherers probably existed in small 
groups, perhaps of 25 or so people.
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Success in hunting depended on mutual cooperation between small groups 
of hunters. A cooperative group would have been more successful in obtaining 
food than a solitary hunter–gatherer.

In a group:
•	 division of labour is possible
•	 more eyes can be directed to locating edible plants, watching for predators 

and tracking potential prey
•	 more hands can be directed to overcoming prey, cutting it up and carrying 

large quantities of meat back to the home base.
Success in cooperative hunting would have led to food sharing. Behaviours 

necessary for successful hunting imply the existence of a mental culture based 
on planning, ingenuity, foresight, cooperative behaviours and technological 
skill.

Like other Homo species that either lived before or coexisted with them, 
early modern humans were part of hunter–gatherer societies. � ey subsisted 
by cooperative hunting of large mammals, and, where they lived with access to 
the coast, they collected and cooked shell� sh and caught � sh. Vegetables were 
also part of the diet of early Homo sapiens.

Prehistoric modern humans made stone tools, such as � akes and scrapers. 
Later, prehistoric modern humans made a range of smaller specialised tools, 
using not only stone but also other materials, such as bone, ivory and wood. 
Many of the tools of these modern humans related to their hunting activities 
and included specialised tools such as harpoons, bows and arrows with stone 
tips, long thin stone � akes that were shaped into knives, and spears with stone 
tips. One invention that appeared about 17  000 to 15  000 years ago was the 
spear thrower or atlatl (see � gure 12.70).

FIGURE 12.70 Drawing showing a spear thrower or atlatl. Note the projectile, a 
spear, that � ts into a cavity at the end of the spear thrower.

Spear throwers were rods made of wood or bone with a hook at one end to 
� t the end of a spear. Using a spear thrower e� ectively lengthened the arm of 
the thrower and enabled the spear to be thrown further and with greater force 
as compared to one thrown with no assistance. � eir use enabled hunters to 
throw spears at the target from a greater and safer distance. By improving the 
leverage of the human arm, a spear thrower more than doubles the distance 
covered by a spear, and, depending on the thrower, increases the killing dis-
tance to between 18 and 27 metres.

Another way of life is that of permanent settlers who domesticated local 
wild animals and cultivated local wild plants as sources of food. Under these 
circumstances, humans can live in very much larger sedentary groups with a 
higher population density.

� e transition of Homo sapiens from the hunter–gatherer lifestyle to the sed-
entary, food-producing agricultural lifestyle was not necessarily a sudden and 
complete transition. When and where were the � rst agricultural settlements 
established?

ODD FACT

Neanderthal humans (Homo 
neanderthalensis) were 
ef� cient hunters. In a camp 
site in Europe dated at 55  000 
years ago, animal bones from 
their hunts were found and 
were identi� ed as reindeer 
(72%), woolly mammoth 
(14%), bison (5.4%), horse 
(4.6%), woolly rhinoceros (2%) 
and others (2%).
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Agriculture and the � rst villages
About 10  000 to 12  000 years ago, modern humans � rst adopted agricul-
tural practices. � e � rst evidence for the tending of domesticated animals 
and the growing of crops comes from areas of the Middle East (see the map in 
� gure 12.71) known as the ‘Fertile Crescent’.

TURKEY

SYRIA

JORDAN

ISRAEL

IRAQ

Fertile
Crescent

FIGURE 12.71 The ‘Fertile 
Crescent’ area of the Middle 
East. The � rst food crops to 
be cultivated in the Fertile 
Crescent were einkorn wheat, 
emmer wheat, barley, lentils, 
peas, chickpeas and bitter 
vetch (related to peas). Flax 
was also grown as a source 
of � bre. (Map provided 
by MAPgraphics Pty Ltd, 
Brisbane.)

� e � rst plants to be cultivated were crops derived from the wild wheat, 
barley and pea plants that grew locally. � e � rst animals to be domesticated 
and herded were the wild sheep and goats of the region. � is change in lifestyle 
allowed permanent communities to develop with surplus food stores close at 
hand. An agricultural lifestyle centring on permanent communities created 
greater opportunities for our species to engage in the creative pursuits, such 
as arts, crafts, literature and music, that are an essential part of ‘being human’ 
(see � gure 12.72).

Human groups in other regions also developed agricultural practices. � ese 
groups domesticated wild animals and plants from their regions, such as corn 
and cotton in the case of the people from central America (about 9000 years ago) 
and soya beans, yams and pigs in the case of the Chinese (about 7000 years ago).

Cultivation of crops and farming of animals are more e�  cient procedures 
for producing food than hunting and gathering. For a given area under culti-
vation over a given period, an agricultural society growing crops can produce 
about one hundred times more food for human consumption than the amount 
produced by hunting. As a result, the size and the density of populations living 
in permanent communities that relied on agriculture were much larger than 
those of nomadic groups that relied on hunting and gathering. � e social 
structure in these larger permanent communities also became more complex 
with division of labour.

� e establishment of permanent communities marked the beginning of 
selective breeding, when the early farmers selected:
•	 particular animals for breeding because they showed preferred features, 

such as high milk yields
•	 particular plants to provide the seeds for the next season’s crop because they 

showed preferred features, such as ease of harvesting.
� e establishment of permanent communities also led to the development 

of tools that could enhance food production, such as the plough to assist 
planting, the sickle for harvesting and the loom for producing wool.

ODD FACT

Pea seeds have been found 
in the remains of the ancient 
settlement of Jericho and in 
deposits from Turkey dated 
at more than 7000 years 
ago. Pea cultivation spread 
from there, across India, and 
reached China in the Tang 
Dynasty (AD 618–906).

FIGURE 12.72 This Greek 
amphora attributed to the 
Leagros Group, made in 
525–500 BC, is an example 
of the creativity of the human 
species.
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KEY IDEAS

 ■ Fossil discoveries support a multibranched human evolutionary line.
 ■ Nomadic lifestyles involved small groups of cooperative hunter–gatherers.
 ■ Prehistoric modern humans developed more complex tools using a variety 
of materials.

 ■ About 10  000 to 12  000 years ago, evidence of agricultural practices �rst 
appeared in the Middle East.

 ■ Sedentary lifestyles involved food production through domestication of 
wild animals and cultivation of wild plants.

 ■ The sedentary lifestyle was associated with increased population size and 
a more complex social structure with division of labour.

QUICK CHECK

17 Identify one difference between the nineteenth-century view of human 
evolution and that of the twenty-�rst century view.

18 Why were spear throwers very useful inventions?
19 Where is the ‘Fertile Crescent’?
20 Identify two differences between a food-gathering lifestyle and a food-

producing lifestyle.
21 Identify the following as true or false:

a Nomadic societies have more complex social structures than sedentary 
societies.

b Agricultural practices developed at the same time worldwide.
c Selective breeding practices were used by nomadic hunter–gatherers.
d The cultivation of wild rice began in the Fertile Crescent.

Changes in human populations
A group of international students settles around a camp�re. One girl from 
Norway has come for a year of study in Australia; she is fair-skinned and 
blue-eyed and has �ne, blond straight hair. Another student is dark-skinned, 
brown-eyed with short frizzy hair and is from Nigeria. Among the others is a 
young man from Vietnam. All members of the group are warmly clothed in 
anticipation of the chill that will come after nightfall. In the background, 
someone uses a small axe to chop through a piece of wood that he then adds 
to the camp�re. As the light fades, one member of the group puts down a book 
that she has been reading and relaxes by listening through her headphones to 
pop music played on her iPod. Another person tunes a portable radio to a fre-
quency that picks up a broadcast of classical music, and yet another picks up a 
mobile phone to text a friend.

�is scenario captures some di�erent aspects of evolution or change that 
have a�ected human populations over time, namely:
•	 biological evolution
•	 cultural evolution, also termed ‘cultural change’
•	 technological evolution.

Changes in these three areas over time resulted in the transformation of our 
hominin ancestors to modern human beings.

Human biological evolution
Biological evolution refers to changes in human populations that have 
resulted from natural selection acting over generations on inherited pheno-
types and producing di�erential survival and reproduction under a particular 

ODD FACT

In a good season, one person 
in a permanent community 
could harvest nearly three 
kilograms of cultivated cereal 
per hour. At this rate, one 
year’s supply for a family 
could be harvested in about 
three weeks.
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set of environmental conditions. �e result of biological evolution in human 
populations can be seen in certain inherited variations in the group around 
the camp�re, including those expressed in:
•	 physical traits, such as variation in skin colour and hair texture
•	 biochemical traits, such as variation in ABO and Rhesus blood types
•	 physiological traits, such as variation in tolerance to milk sugar (lactose).

It is important to note that, if the environmental conditions change, the 
selective advantage of one phenotype may be lost.

Let’s move from the group around the camp�re and look at human popu-
lations more generally. Variations can be seen between members of di�erent 
indigenous populations — contrast the light skin and fair hair of Nordic popu-
lations with the dark skin and black hair of African populations. In addition, 
variation in certain traits can be seen within one population — contrast the 
 di�erences in ABO blood type in members of one Caucasian population.

The inherited variations present in and between different modern human 
 populations include: (i) many that were inherited from ancestral human species, 
(ii)  some that have arisen from gene flow as a result of interbreeding with 
Neanderthal humans, and (iii) some that have arisen over the period of about 
200  000 years that the modern human species has existed. �e variation or genetic 
diversity that exists today, within and between human populations, is the 
expression of biological evolution under particular environmental conditions.

Human cultural evolution
Culture refers to any form of learned behaviour, such as how to make a tool, 
learning a social rule, and learning to play a musical instrument. Learning 
can entail direct teaching or imitation or both. Cultural transmission has been 
enhanced through technologies, such as writing, printing and, now, computer 
systems.

When persistent and common changes occur in human populations as a result 
of transmission of learned or imitated behaviours, these changes are said to be 
the result of cultural evolution. Cultural evolution or cultural change refers 
to changes in human societies over time where those changes are socially 
transmitted, not genetically transmitted. �ese cultural changes include new 
ideas, knowledge, customs, symbols, values and skills. �eir transmission from 
one generation to the next may involve teaching, imitation, conformity or any 
other factor that in�uences human behaviour. (Since the advent of mass media, 
advertising has become such a factor.) Most commonly, transmission of cul-
tural data depends on the use of spoken, written or signed language.

�e impact of cultural change can be seen in the group around the camp�re 
(refer back to page 599). If we compare these students with their parents when 
they were teenagers, cultural changes will be seen, for example, in their style of 
clothing and their mobile phones and other electronic devices. �e use of an 
axe by one student is part of a culture that reaches back to human prehistory. 
�e modern axe may di�er in its construction from a prehistoric stone hand 
axe, but its function is unchanged.

Music, art, sculpture and poetry are part of human culture. Musical instru-
ments �rst appeared during the Upper Palaeolithic period (40  000 to 12  000 years 
ago). Figure 12.73 shows an ancient �ute made during this period from a swan’s 
wing bones. Art, such as cave paintings and carved �gurines, also appeared 
during this time.

In contrast to the slow pace of biological evolution, however, cultural evol-
ution is occurring at an ever-increasing rate. �is is possible because cultural 
change is not transmitted genetically but can be transmitted by learning from 
others. �e pace of cultural evolution is illustrated by the fact that, over a period 
of about 100  000 years, modern human beings have moved from stone hand 
axes to space probes, and from �re as a source of energy to nuclear power.
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FIGURE 12.73 Photograph showing what was considered to be, until 2012, the 
world’s oldest musical instrument: an ancient � ute made from a swan’s wing bones. 
The � ute, dated at about 35  000 years old, was found in Hohle Fels Cavern in 
southwest Germany and is now held at the Landesmuseum in Stuttgart, Germany.

Over the period of just ten thousand years since the � rst civilisations 
appeared, remarkable cultural change can be seen, including the develop-
ments of social institutions, transport, communication, food production and 
medical treatment. Some cultural changes may be trivial, such as changes in 
fashions (see � gure 12.74), while other changes are signi� cant, such as means 
of communication.

Biological and cultural evolution compared
Terms such as ‘biological evolution’ and ‘cultural 
evolution’ may suggest that the two processes 
are similar. In reality, there are major di� erences 
between the two, as shown in table 12.10. For these 
reasons, biologists such as the late Stephen Jay 
Gould suggest that the term ‘cultural change’ is pref-
erable to the term ‘cultural evolution’.

In contrast to biological evolution, cultural evol-
ution or change, often based on technological 
evolution, occurs very quickly in human popu-
lations. For example, which of the following would 
occur more rapidly in a human population immi-
grating to a cold climate: (1) evolving a stocky body 
shape through the processes of biological evol-
ution or (2) learning how to control � re and make 
fur clothing from the pelts of mammals through 
the processes of cultural evolution?

Cultural evolution has been a powerful agent of 
change in human populations. Cultural evolution 
can also occur in other primates. For example, a 
female macaque monkey from a troop of monkeys 
living on a Japanese island began to carry her food 
to a nearby stream and washed the sand o�  it prior 

ODD FACT

Other ancient � utes, dated 
at 42  000 to 43  000 years 
old, have been found in 
southern Germany. Some 
are made of bird bone and 
others are made of ivory from 
mammoths.

FIGURE 12.74 Cultural transmission of behaviours can occur 
rapidly and bring about changes in the behaviours of human 
populations.
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to eating (see � gure 12.75b). Eventually other monkeys copied this behaviour 
until it spread through the entire troop.

FIGURE 12.75 Cultural evolution in two species. (a) Imitation is a powerful means by which cultural behaviours can 
be transmitted, as seen with this toddler and her mother. (b) The practice of washing food was transmitted rapidly 
through an entire macaque monkey population in Japan starting with the practice of just one monkey. Here we can see 
a Japanese macaque (Macaca fuscata) washing a sweet potato.

(a) (b)

Table 12.10 summarises the di� erences between biological and cultural 
evolution.

TABLE 12.10 Some differences between biological evolution and cultural change.

Biological evolution Cultural evolution/cultural change

Traits can be transmitted to a person 
only from parents.

Cultural traits can be transmitted to a 
person by many unrelated people.

Transmission can occur only from one 
generation to the next.

Transmission can be within or between 
generations and can occur between 
people widely separated in time and 
space.

It occurs at a slow pace, with many 
generations required to spread a trait 
widely in a population.

It occurs at a fast pace, as the spread 
can be by immediate learning and does 
not depend on inheritance.

Traits acquired during a person’s 
lifetime cannot be transmitted through 
genetic inheritance.

Cultural traits acquired during a person’s 
lifetime can be transmitted through 
processes such as teaching or imitation.

People cannot choose which genetic 
traits they will inherit.

People can choose to accept or reject 
some cultural traits.

Data transmitted are encoded in the 
genetic material.

Data transmitted are commonly in 
the form of written, spoken or signed 
language (see � gure 12.76).

Biological evolution is unplanned and 
results from random processes.

Cultural change can be conscious and 
the result of deliberate processes.
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FIGURE 12.76 Language in written or other forms is a powerful agent through 
which cultural data are transmitted. Language itself is a critically important 
human cultural trait. (Image courtesy of Judith Kinnear.)

Technological evolution
Technology is the application of science by human beings in order to 
gain better control of the material environment. Technology is expressed 
through objects, such as tools, machines and automatons (self-controlled 
machines), and through complex processes, such as medical procedures. 
Technological evolution refers to changes in technology over time that give 
humans increased control over their environment, such as the change from 
stone tools to metal tools, from steam power to electric power, from copper 
to � bre-optic cables for data transmission, and from typewriters to word 
processors.

Historical examples of technological evolution include:
•	 the invention of paper by the Chinese in about 105 AD
•	 the invention in 1456 of the western printing press, which enabled mass pro-

duction of written material to replace handwritten documents produced in 
small numbers

•	 the invention in 1895 of radio, which enabled transmission of spoken lan-
guage across geographic space

•	 the invention in the 1930s of television, which enabled images to be trans-
mitted across space (see � gure 12.77).
In the second half of the twentieth century, technological evolution has 

led to many developments including � bre optics, lasers and space travel. � e 
twenty-� rst century has remarkable technological achievements including the 
self-powered AbioCor arti� cial heart, which was � rst used to replace a human 
heart in an operation in 2001, and the landing of the European Space Agency 
(ESA) Philae probe on Comet 67P/Churyumov–Gerasimenko in November 
2014.

ODD FACT

Tools (such as a pulley or a 
hammer) make human labour 
more ef� cient. Machines 
(such as a car or a plane) 
replace human physical effort 
but require a human operator. 
Automatons or self-controlled 
machines (such as a heart 
pacemaker or a digital clock) 
operate without any human 
control.

Printing, using ink-stained carved 
wooden blocks, was invented by 
the Chinese in the Sui Dynasty 
(581–618 AD).
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FIGURE 12.77 Television is a technology of mass communication that allows transmission of moving images and sound 
across geographic space. Television itself has also evolved from black-and-white to colour, and from analogue to digital.

Technology extends capabilities
From the early foundations of human civilisation, humans have continued to 
develop and exploit new technologies that have changed human life.

Biological species are constrained by the limits of their anatomy and physi-
ology — a cat cannot see further than the limits of its eyesight, a dog’s bark 
cannot be heard beyond its immediate neighbourhood, the load carried by a 
donkey is limited by its skeletal structure and the speed of a horse is constrained 
by its anatomy. In contrast, humans have developed and used technology to 
override physical limitations and extend the capabilities of our senses.

Optical telescopes enable us to see stars at unimaginable distances from 
Earth, and microscopes enable us to see objects far below the resolution of 
our eyesight. Mobile phones enable us to have a conversation with a person 

in another country. Microphones linked to ampli-
� ers allow our voices to be heard over greater 
distances or at higher volumes. Forklifts and 
cranes enable us to move loads that would crush 
a person. Cars and planes enable as to move at 
speeds beyond our own physical limitations.

Biology, culture and technology interact
Biological evolution, cultural change and 
 technological evolution are not separate; they 
interact. Many of the cultural changes seen in 
human societies are based on technological 
evolution. For example, interpersonal two-way 
communication once depended on face-to-face 
conversations between two people in the same 
location. However, technology removed this limi-
tation. First, � xed-line telephones and, later, 
mobile phones and videophones have enabled 
interpersonal two-way communication between 
people widely separated in distance. In the same 
way, mass communication once depended on a 
person speaking to a crowd. Technologies such as 
radio, satellite TV and the internet have changed 
mass communication and given it a global reach.

FIGURE 12.78 Technology 
enables us to extend our 
physical and sensory 
capabilities and has even 
enabled Homo sapiens to 
travel in space.
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If we look at human prehistory, we can also see an example of a profound 
cultural change that was based on technological evolution and on biological 
evolution. � is cultural change in early human species was toolmaking and 
it � rst appeared in the habilines (Homo habilis). Initially, toolmaking devel-
oped through a technology using stone tools to create new tools that were 
also made of stone: for example, using a hammer stone to make stone � akes 
to be used as cutting tools (refer back to � gure 12.58). � e signi� cance of 
this cultural change is in the fact that tools, such as axes, enable the power 
of the body to be concentrated on a small area of an object so that it can be 
cut or otherwise manipulated, and tools, such as levers, provide a mechanical 
advantage.

� e development of a toolmaking culture by early human species depended 
on both technological evolution and biological evolution. Why? Toolmaking 
was possible only because, much earlier, biological evolution in hominins had 
resulted in two important developments:
1. bipedal (two-footed) locomotion that freed the hands for other purposes
2. increased brain size that gave the capacity for greater problem-solving skills.

So, biological evolution provided the physical and cognitive framework 
in which cultural change based on technology could take place in human 
species.

DEVELOPMENTS IN TOOLMAKING

Lucy and the other australopithecines probably 
used sticks and other natural objects as tools rather 
like the way chimpanzees do today. In contrast, 
members of the genus Homo not only used tools 
but also made them, using tools to make other tools. 
Homo habilis broke stone pebbles to produce crude 
tools for scraping and cutting. H. erectus fashioned 
regular tools from stone. Homo sapiens continued 
the use of stone and produced even more elegant 
tools. � is has been a common theme throughout 
human evolution.

So, toolmaking using tools is an essentially human 
trait that distinguished us from other animals (see 
� gure 12.79).

Toolmaking is a part of human culture that is 
preserved in the fossil record, beginning with the 
simple stone tools of Oldowan culture. Technology 
is the use of tools. � e early tools, both Oldowan 
and Acheulean, used by hunter–gatherers were 
stone tools. Table 12.11 shows the major periods of 
technological development in human prehistory 
and history.

In the Middle Palaeolithic period (200  000 to 
40  000 years ago), toolmaking became more sophis-
ticated, and stone points were combined with sticks 
to form lances and spears. � is technological devel-
opment may have marked a change from gathering 
carrion to hunting large animals. Stone scrapers were 
probably used to prepare hides to make clothing, 
shoes, rugs and containers.

FIGURE 12.79 Toolmaking is an essential part of 
‘being human’.

(continued)
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TABLE 12.11 Major periods of technological development in human prehistory and history. The time ranges 
shown apply to Asia and Europe. Different time ranges apply to Africa. The Palaeolithic periods together are also 
known as the Stone Age.

Prehistoric 
period

Approx. time 
range (years 

before present) Technology

Lower 
Palaeolithic

2 million–200  000
Oldowan technology: stone choppers and � akes (refer back to � gure 12.52)
Acheulean technology: bi-face hand stone axes (refer back to � gure 12.58c), 
which � rst appeared about 1.5 million years ago

Middle 
Palaeolithic

200  000–40  000 Mousterian technology: prepared stone cores used as raw materials for the 
manufacture of smaller tools, including scrapers for dressing animal hides 
and points for spears

Upper 
Palaeolithic

40  000–12  000 Stone blade tools consisting of thin narrow � akes with long parallel sides. 
Other tools included needles, � sh hooks, harpoons and spear throwers

Mesolithic 12  000–10  000 Small pieces of � int worked into various shapes (microliths) that were 
cemented with resin to bone, wood or antlers to form tools such as arrows, 
spears and barbed rods; other tools included axes and adzes

Neolithic 10  000 Domestication of plants and animals and the rise of agricultural communities

Bronze and Iron 
Ages

5000 Beginning of technology based on metals: copper, then bronze and later iron

Industrialisation 150 Beginning of the industrial age

In the Upper Palaeolithic period (40  000 to 
12  000 years ago), a greater variety of stone tools 
appeared and also tools made of other materials, 
such as ivory, bone and antlers, which included 
multibarbed harpoon heads, spear throwers, 
engraving tools and bone points. Other objects from 
this period include the � rst bows and arrows, orna-
ments including ivory beads and necklaces made of 
teeth, and household items, such as bone needles 
and thread made of sinew or plant � bre.

In the prehistoric development of toolmaking, 
members of the genus Homo moved from using just 
stone as a material for their tools to using a range of 
di� erent materials. With the establishment of agri-
culture, new tools appeared, such as grinding stones 
for crushing grains, and new technologies appeared, 
including the production of pottery, weaving and 
basketry.

About 5000 years ago, people discovered that 
copper- containing rocks could be heated and melted 
to release the metal. Goods began to be manufac-
tured, � rst from copper and later from bronze. One 
advantage of metal is that damaged or old items can 
be melted down and new items recast. Metals are 
much easier to fashion than stone!

About 2500 years ago, iron-based technology was 
introduced and iron tools were forged. By about the 

same date, the use of money was � rmly established 
as a basis for trade and business. � is replaced 
the earlier system of barter in which goods were 
exchanged for other goods.

Today’s technology includes electronics and lasers 
(see � gure 12.80) and uses materials such as ceramics 
and a wide range of rare-earth elements.

FIGURE 12.80 Laser beams have many technological 
applications, including their use in creating holograms 
in which a laser beam etches an image onto a light-
sensitive plate.
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KEY IDEAS

 ■ Factors in�uencing human populations over time are biological evolution, 
cultural change and technological evolution.

 ■ Biological evolution, cultural change and technological evolution interact.
 ■ Cultural change in many cases has been based on technological evolution.
 ■ Cultural change refers to changes in human societies transmitted by social 
agents, such as imitation and teaching.

 ■ Technological evolution refers to changes over time in technology that give 
humans increased control over their environment.

 ■ Biological evolution and cultural evolution differ in many ways.
 ■ Technology extends human capabilities.

QUICK CHECK

22 Identify two ways in which biological evolution differs from cultural 
evolution.

23 Give one example of cultural evolution or cultural change in 
communication.

24 Give one example of how technology has extended human capabilities.
25 Give one example of an interaction between biological, cultural and 

technological evolution.
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1 Kenyanthropus platyops, described in 2001, is a 
prehuman hominin fossil that appears different from 
existing fossils (see � gure 12.81). Is it a new species 
within a new genus?

Consider the following statements made about this fossil: 
  i ‘There is always, however, the possibility that it [the 

difference] is an example of extreme variation within an 
already established taxa.’

  ‘Despite incredible advances in computing 
technologies, the bias of post-mortem taphonomic 
[after-death] processes causing deformation of fossils 
is very real  .  .  .  .  .  It [the fossil] presents features such as 
a non-prognathic [� attened] face and relatively small 
molars, which led its discoverers to conclude it belongs 
to a new taxon. On the other hand, some of these traits 
could be due to distortion or variation within species.’ 
(Source: ‘Kenyanthropus Platyops:

Description, Classi� cation, and Controversy’, CJA 
Anthrojournal, 19 Feb 2012.)

ii ‘  .  .  .  the acceptance of this new species is unresolved. 
Many experts argue that this skull was extremely 
distorted and has been badly reconstructed. They claim 
it is a Kenyan variant of Australopithecus afarensis.’

  ‘More material needs to be recovered, especially a skull 
with no apparent distortion, in order to resolve this debate.’ 
(Source: Kenyanthropus platyops’, Australian Museum.)

FIGURE 12.81 Skull of Kenyanthropus platyops.

Answer the following questions:
a What are the key issues in the debate about the 

Kenyanthropus platyops fossil?
b How would the discovery of more fossil material assist 

in resolving this debate?

2 A collection of hominin bones was found in Sima de los 
Huesos (Pit of Bones), a series of caves in the Atapuerca 
Mountains in Spain (see � gure 12.82). These bones have 
been dated to about 430  000 years ago. Over a period 
of many years, thousands of bones have been recovered 
that correspond to the skeletal remains of 28 individuals. 
Where do these fossils � t in the human family tree?

Atapuerca
Mountains

FIGURE 12.82 Map showing the location of the 
Atapuerca Mountains in northern Spain. This is the site 
of the Sima de los Huesos (Pit of Bones) where many 
hominin fossils were found.

The 24 March 2016 issue of the science journal Nature 
reported that nuclear DNA sequences recovered from 
two Sima specimens show that they are related to the 
Neanderthals rather than to Denisovans.

For each of the questions below, select the most 
appropriate alternative and give a reason for your choice:

a From the data given above, it is reasonable to 
conclude that the Neanderthal line split from the 
Denisovan line:

       i sometime before 430  000 years ago
    ii sometime after 430  000 years ago
 iii  these data provide no evidence about the time of 

the split.
b While they have not yet been assigned to a species, it 

is reasonable to suggest that the Sima hominins:
       i  are early Homo sapiens
    ii  are very early Neanderthals
 iii  are a newly discovered australopithecine species
 iv  are Denisovans that have evolved into a new 

species.
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Unit 4 Human change over time

Practice questions

AOS 1

Topic 4

Key words
Acheulean technology
Afar Triangle
arboreal
biological evolution
bipedal
brachiation
common ancestor

cranium
Cro-Magnons
cultural change
cultural evolution
culture
Denisovans
gestation period

herbivorous
hominoids
Homo erectus
knuckle walk
last common 

ancestor (LCA)
Lucy

molecular clock principle
Oldowan
opposable
sagittal crest
sexual dimorphism
technological evolution
zygomatic arches

Questions
1 Making connections ➜ Construct a concept map 

for ‘hominin evolution’ using any of the key words 
above. Add other terms as needed.

2 Communicating your understanding ➜ Outline 
the trends in hominin evolution in terms of:
a brain size
b tooth size
c shape and angle of forehead
d size of brow ridges.

3 Analysing information and applying your 
understanding ➜ Examine the fossil hominin skulls 
in � gure 12.83 and place them in order from most 
ancient to most recent. Explain your choice.

1 2 3

FIGURE 12.83

4 Applying your understanding ➜ A skull is found 
at a dig. One person says that it is the skull of a 
chimpanzee while a second person says that it is 
a hominin skull. Identify two key features that you 
might use to distinguish a chimp skull from that of a 
hominin.

5 Analysing information and drawing conclusions ➜ 
Suggest possible explanations for the following 
observations:
a Fossils classi� ed in the genus Australopithecus 

and other early hominin fossils have been 

found in Africa only and nowhere else in the 
world.

b Crafted stone tools have been found in locations 
in association with Homo erectus fossils but not 
in locations in association with australopithecine 
fossils.

c Prehistoric cave drawings by Homo sapiens in 
certain regions show elephants and mammoths 
but not dinosaurs.

d � e African great apes do not walk erect but 
typically use a knuckle walk.

e � e discovery of a new hominin fossil may be the 
source of many new questions about the human 
family tree.

f In a nomadic society, all members of a human 
group are concerned with the hunting or 
gathering of food, but this is not the case in a 
sedentary society.

 6 Making connections between concepts ➜ Of the 
groups of � ve items listed below, four are related, 
and one does not belong. Identify the ‘odd one out’ 
and explain how the other items are related.
a chimpanzee, P. robustus, Handy man, Cro-Magnon, 

Au. anamensis
b Handy man, Piltdown Man, Cro-Magnon, 

Neanderthal, Taung child
c Au. garhi, H. habilis, Lucy, Au. africanus, Au. sediba
d Oldowan, Mousterian, Ardipithecan, Acheulean
e gorilla, lemur, gibbon, macaque, Rhesus monkey.

 7 Analysing information and solving problems ➜ 
Look at � gure 12.84, which shows layers of 
sediments and some fossil skulls.
a Which fossil is the older, M or P? Explain.
b If fossil R were identi� ed as Au. afarensis, could 

fossil Q be Homo habilis? Explain.
c Could fossils J and K be H. sapiens and 

P. robustus respectively? Explain.
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FIGURE 12.84

 8 Applying your understanding ➜ Identify the 
following.
a a new hominin genus based on a fossil discovery 

in the late 1990s
b a famous family of hominin fossil hunters
c two kinds of prehuman hominin that coexisted
d three kinds of human that coexisted
e the � rst humans to make controlled use of � re
f a member of tribe Panini.

 9 Demonstrating knowledge and understanding ➜ 
Examine � gure 12.85.

FIGURE 12.85 Line drawing showing parts of the upper 
and lower jaws of an animal. i = incisor, c = canine, 
p = premolar, m = molar.

m
p

ci

a On the basis of the information available, which 
of the following conclusions is reasonable:

      i this jaw is from a reptile
   ii this jaw is from a mammal
 iii it is not possible to draw a conclusion.
b Identify the reason for your decision.

10 Communicating knowledge and understanding ➜
Identify the following statements as true or false. 
Where false, rewrite the statement so that it would 
be judged to be true.

a A mammal with binocular vision must be a 
member of the order Primates.

b A member of phylum Chordata that has a 
diaphragm must be a mammal.

c � e human fossil record is now complete.
d Aspects of the diets of extinct hominins can be 

inferred from an analysis of the C13/C12 isotope 
ratio of their teeth.

11 Applying your understanding ➜ Examine � gure 
12.86 carefully. Identify the evidence visible in the 
image that would enable you to classify this animal 
into:
a class
b order.

FIGURE 12.86

12 Discussion questions ➜ Consider the following 
statements and assess their validity or otherwise, 
giving a reason for your choice:
a Person A says: ‘I’m shocked. � e human family 

tree shows that I evolved from a chimp.’
b Examine � gure 12.87, which shows the outline 

of a modern human on the right. Person B says: 
‘� e image on the left looks as if it is a chimp.’

FIGURE 12.87 Outlines (drawn to scale) of the pro� le 
and the skull of two primates. At right is a modern 
human (Homo sapiens).
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