
“c10HumanChangeOverTime_PrintPDF” — 2021/5/13 — 14:39 — page 711 — #1“c10HumanChangeOverTime_PrintPDF” — 2021/5/13 — 14:39 — page 711 — #1

AREA OF STUDY 2 HOW ARE SPECIES RELATED OVER TIME?

10 Human change
over time

KEY KNOWLEDGE
In this topic, you will investigate:

Human change over time
• the shared characteristics that define mammals, primates, hominoids and hominins
• evidence for major trends in hominin evolution from the genus Australopithecus to the genus
Homo: changes in brain size and limb structure

• the human fossil record as an example of a classification scheme that is open to differing
interpretations that are contested, refined or replaced when challenged by new evidence,
including evidence for interbreeding between Homo sapiens and Homo neanderthalensis and
evidence of new putative Homo species

• ways of using fossil and DNA evidence (mtDNA and whole genomes) to explain the migration
of modern human populations around the world, including the migration of Aboriginal and
Torres Strait Islander populations and their connection to Country and Place.

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS

Practical work is a central component of learning and assessment. Experiments and
investigations, supported by a practical investigation eLogbook and teacher-led videos,
are included in this topic to provide opportunities to undertake investigations and communicate
findings.
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10.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in your
digital formats, learnON and eBookPLUS at www.jacplus.com.au.

10.1.1 Introduction

FIGURE 10.1 Models of members of the tribe Hominini
All organisms are classified through the
Linnaean system based on their structural,
physiological and chemical make-up. Each
different kind of organism is a species. As
Homo sapiens, we are classified as our own
species within the genus Homo. This genus lies
within the taxonomic tribe of Hominini (see
figure 10.1). This classification reflects on our
biological relationships with other species and
our evolutionary history. While our closest living
relative is the chimpanzee, it was not long ago
that we shared Earth with other human species.
How humans have changed over time and their
migration across the world has been investigated
through fossils and molecular evidence.

This topic will explore how humans are classified from mammals to hominins. It will investigate the trends in
size and structure from the genus Australopithecus all the way to modern Homo sapiens; how new fossils can
change the way species are classified; and how the movement of humans across Earth, including Aboriginal and
Torres Strait Islander peoples, can be determined from fossil and genetic evidence.
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10.2 Shared characteristics of mammals, primates,
hominoids and hominins
KEY KNOWLEDGE

• The shared characteristics that define mammals, primates, hominoids
and hominins

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by
permission.

FIGURE 10.2 The
classification of humans
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Classification is an important way in which we group and organise
organisms. It allows us to understand the relatedness between different
species. The science of classification is referred to as taxonomy.

Through classification, biologists:
• put order into the living world
• show the relationship between different species
• gain insight into the evolution of a species.

Organisms with shared characteristics are separated into groups referred
to as taxa. Each taxon falls within a taxonomic rank. This can be further
divided into other taxa, as shown in the classification and taxonomic
hierarchy for humans in figure 10.2.

This rank is usually simplified into a seven-level hierarchy of:

genus a taxonomic rank that is
less specific than species

species organisms that are able
to interbreed and produce fertile
offspring

• kingdom
• phylum
• class
• order
• family
• genus
• species.

Additional ranks, such as subphylum and tribe, further split the taxa to
enhance classification schemes and allow for organisms with similar traits
to be grouped. Some of these are shown in figure 10.2.

common ancestor the species
that two or more descendants
have diverged from

The animal world is organised into large groups called phyla (singular
phylum). Members of one phylum share a common ancestor and show
similarities in their body structures, both external and internal.

About 35 different phyla are recognised. Modern humans are members of
the phylum Chordata (animals with a notochord).

This phylum includes several classes, such as the class Mammalia, which
includes humans.

TOPIC 10 Human change over time 713
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10.2.1 Shared characteristics of mammals

mammals a group of animals that
are characterised by the presence
of fur or hair and milk-producing
mammary glands

There are around 5400 species within the class Mammalia. Mammals are the familiar animals that include
humans, common domestic pets such as cats and dogs, and farm animals such as sheep, cattle, pigs, horses and
goats. Some other mammals include species in the wild such as whales, bats, walruses and bears.

Features of mammals

The characteristic features shared by all mammals are:
• fur or hair over their body surface
• milk-producing mammary glands
• teeth comprising of incisors, canines, premolars and molars
• a lower jaw made of a single bone
• three bones in the middle ear
• a diaphragm separating the chest cavity from the abdomen.

fossil evidence or remains of an
organism that lived long ago

Many of these characteristics are so distinctive to mammals that just one of these
features is sufficient to identify one. As a result, a fossil jawbone, or even a few teeth,
can be used to identify whether an animal was a mammal. Some of these features are
shown in figure 10.3. The teeth of mammals are different to other classes (such as
Reptilia, seen in figure 10.4). In mammals, teeth are usually differentiated into incisors,
canines, premolars and molars, that can cut, piece, grip, shear and grind.

FIGURE 10.3 Different characteristics seen in mammals

Mammals are covered with

hair or fur.

Mammals have single-

boned lower jaws.

Mammals are

vertebrates.

Mammals have mammary

glands and feed milk

to their babies.

Mammals have three

bones in the middle ear

and a four-chambered heart.

Mammals breathe

with lungs.

Most mammals give

birth to live young.

Mammals are

warm-blooded.

FIGURE 10.4 Undifferentiated reptile teeth versus differentiated mammal teeth

Reptile Mammal
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10.2.2 Shared characteristics of primates

Types of primates ape a large primate that lacks a
tail

Homo sapiens modern humans

primates a group of mammals
with opposable thumbs, flat
nails and binocular vision

The class Mammalia is further divided into 26 orders. Apes (including Homo
sapiens), monkeys and prosimians are all members of the order Primates.

There are approximately 400 different primate species living today on this planet.
They 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.

Homo a genus of hominins that
includes modern humans and
closely related species with
an increased brain size and a
longer leg-to-arm ratio

Homo erectus an extinct human
species appearing about two
million years ago that was the
first to migrate from Africa

Australopithecus a genus
of hominins from which the
Homo genus is considered to be
descended; sometimes referred
to as australopithecines

Most primates are tree dwellers and are found in tropical forest and woodland
habitats. As well as living species (summarised in table 10.1), primates also
include extinct species of genus Homo, such as Homo erectus and various species
of the genus Australopithecus.

TABLE 10.1 Different examples of living primates

Group Animals

Prosimians • Lemurs (pictured)
• Lorises
• Tarsiers

New World
monkeys (from
South and Central
America)

• Capuchin monkeys (Cebus spp.) (pictured)
• Howler monkeys (Alouatta spp.)
• Spider monkeys (Ateles spp.)

Old World monkeys
(from Africa and
Asia)

• Baboons (Papio spp.) (pictured)
• Macaque monkeys (Macaca spp.)

Apes • Gibbons (Hylobates spp.) of South-East Asia
• Orang-utans (Pongo spp.) of Borneo and Sumatra

(pictured)
• Mandrills (Mandrillus sphinx)
• Gorillas (Gorilla spp.)
• Chimpanzees (Pan spp.) of Africa
• Humans (Homo sapiens).
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FIGURE 10.5 The different groups in the order of Primates

Primates
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Simiiformes

Catarrhini

Hominoidea

Hominidae

Homininae

Hominini
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Orang-utans

Gibbons

Old World monkeys

New World monkeys

Tarsiers
Tarsiiformes

Lemurs

Lorises and allies

Strepsirrhini

Great apes

Lesser apes

Monkeys

Prosimians

Characteristics of primates
No single characteristic is diagnostic of a primate but, taken together, the following features can help identify one.

Features of primates

The characteristics of primates include:
• opposable thumbs
• flat nails on digits
• binocular vision
• large brains relative to their body
• a long gestational period.

Exploring these features, the following can be observed.

opposable thumb a thumb that
allows for grasping and can be
rotated and moved to touch other
fingers

• The hands and feet of a primate typically have:
• five digits that can grasp or curl around objects due to possessing opposable

thumbs and sometimes also an opposable large toe. These are able to be
brought into contact with the other digits (see figures 10.6a and 10.6b).

• flat nails on their digits.
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FIGURE 10.6 a. Comparison of primate hands and feet b. The structure of these can allow for both the power grip
and the precision grip.

Hands

Human
a.

Chimpanzee Siamang (gibbon)

Feet

b.

Power grip

Precision grip

binocular vision a type of vision
that allows for both peripheral
vision and a perception of depth
using two eyes

• Primates have an emphasis on vision. They have:
• binocular vision due to possessing large, forward-

facing eyes that give stereoscopic (3D) vision (see
figure 10.7)

• 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.
• Primates have fully rotating shoulder sockets that are

adapted to life swinging from branch to branch as primates
move between trees.

• 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

FIGURE 10.7 Stereoscopic vision results from
forward-facing eyes.

to a brain of similar size from a non-primate mammal, the primate brain
is seen to have several times as many neurons due to the increased
folding of the cerebral cortex. Therefore, primate brains have a greater
concentration of neurons per unit volume of brain tissue than is the
case for non-primates. Table 10.2 and figure 10.8 show comparisons
between the brains of primates and rodent species.

TOPIC 10 Human change over time 717
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TABLE 10.2 Comparisons of the mass and the total number of neurons in brains from primates and from
non-primates, in this case rodents (Data from Herculano-Houzel, S. Frontiers in Human Neuroscience
9 November 2009)

Species of primates Brain mass (g) Neurons (millions)

Owl monkey 15.7 1468

Squirrel monkey 30.2 3246

Capuchin monkey 53.2 3690

Macaque monkey 87.4 6376

Species of rodents Brain mass (g) Neurons (millions)

Rat 1.8 200

Guinea pig 3.8 240

Agouti 18.4 857

Capybara 76.0 1600

FIGURE 10.8 Differences in brain size and cerebral cortex folding in various species

Mouse Macaque monkey Chimpanzee Human

• 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.

• Primates have a relatively long gestation period
compared to non-primate mammals (see table 10.3).
This longer gestation period allows for the more
extensive foetal brain growth of primates. Primates
typically produce a single young at each birth and
provide parental care for an extended period — the
longest period being in the case of human young.

FIGURE 10.9 Primates, including orang-utans,
are highly social.

718 Jacaranda Nature of Biology 2 VCE Units 3 & 4 Sixth Edition

PAGE PROOFS



“c10HumanChangeOverTime_PrintPDF” — 2021/5/13 — 14:39 — page 719 — #9

TABLE 10.3 Gestation periods for several mammals. Note that, for similar maternal body mass, a primate has a
longer gestation period than a non-primate mammal.

Mammal
Average mass of adult

female (kg) Average gestation (days)

Primates
Ring-tailed lemur (Lemur catta) 2.2 120

Owl monkey (Aotus trivirgatus) 0.7 133

White-cheeked gibbon (Nomascus leucogenys) 7.5 210

Chimpanzee (Pan troglodytes) 40 237

Orang-utan (Pongo pygmaeus) 36 251

Human (Homo sapiens) 60 265

Non-primates

Mouse (Mus musculus) 0.3 21

Kangaroo (Macropus giganteus) 37 34

Cat (Felis catus) 5 60

Lion (Panthera leo) 130 110

TIP: You do not need to memorise every specific feature of each individual primate. You should be able to outline
features that distinguish primates from other mammals and use provided data as evidence to support these
trends.

Resourceseses
Resources

Weblink Humans are primates

INVESTIGATION 10.1
elog-0427

Observing primates

Aim

To observe different primates and their shared characteristics

10.2.3 Shared characteristics of hominoids

Types of hominoids

hominoids a superfamily of
primates that lack a prehensile
tail, including apes and humans

Among the primates, humans are hominoids or members of the superfamily Hominoidea.

Figure 10.10 shows the classification of members of the order Primates to the level of superfamily Hominoidea.

Humans share membership of the superfamily Hominoidea with:
• the lesser apes (gibbons, siamangs)
• the great apes (chimpanzees, gorillas, orang-utans).

So, all the apes are hominoids.

This taxonomic group, superfamily Hominoidea, includes all those primates that fit
the biological definition of ‘ape’. This means that the hominoids include the
following living species: gibbons (14 species), orang-utans (2 species), gorillas
(2 species), chimpanzees (2 species) and humans.

TOPIC 10 Human change over time 719
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FIGURE 10.10 Classification of primates to the level of superfamily Hominoidea

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

Characteristics of hominoids
The skeletons of some different hominoids are shown in figure 10.11. Many common features can be observed
across all hominoids.

FIGURE 10.11 Skeletons of different hominoids

Gibbon Human Chimpanzee Gorilla Orang-utan

Features of hominoids

Shared features of hominoids (that distinguish them from other primates) include:
• the absence of a tail
• larger and more complex brains
• distinctive molar teeth in the lower jaw with five cusps
• relatively long upper limbs
• a wider chest
• shoulder joints that permit the arms to be rotated
• larger and more complex brains (that allow for greater intelligence, problem-solving and communication).
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Each of these features will now be explored in further detail.
• Hominoid brains are larger and more complex than those of other primate groups, which allows for greater

intelligence, problem-solving and communication.
• The axial skeleton (skull, spine and rib cage, as shown in figure 10.12) of hominoids is characterised by:

• a reduced lumbar spine (shown in pink in figure 10.12b)
• an expanded sacrum (shown in blue in figure 10.12b)
• the absence of a tail (coccyx does not extend; shown in purple in figure 10.12b).

FIGURE 10.12 a. Apes can be distinguished from monkeys by their lack of a tail. b. The sacrum is longer in
hominoids (such as humans), but the coccyx (tailbone) is much shorter.

Where’s my tail??

Oh, that’s right,

I’m an ape!

a. b.

Where’s my tail??

Oh, that’s right,

Cervical

vertebrae

Thoracic

vertebrae

Lumbar

spine

Sacrum

Coccyx

• The ribcage shape in hominoids creates a much wider chest, as shown in figure 10.13a. Other primates,
such as monkeys (shown in figure 10.13b), do not show this wider chest.

FIGURE 10.13 a. The wide chest of a gorilla and b. the much narrower chest of a monkey

a. b.
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• Hominoids have distinctive molars in the lower jaw with five cusps (raised bumps) arranged in a ‘Y5’
pattern (see figure 10.14).

FIGURE 10.14 a. Diagram showing an example of the Y5 pattern of five cusps (raised bumps) on a hominoid
molar b. A photograph of this Y5 pattern

R
e
a
r

F
ro
n
t

Cheeka.

Tongue

1
25

34

b.

• Hominoids have relatively long upper limbs, and their shoulder joints permit the arms to be rotated around
the shoulders, as in an overarm serve or bowling action.

FIGURE 10.15 a. The long limbs of hominoids as seen in an orang-utan and b. the rotating shoulder joint

a. b.
Acromion

Humerus
Scapula

Glenohumeral joint

AC joint Clavicle

TIP: Be very careful with spelling hominoid in assessments and your exam, as many similar terms refer to
different things. Hominids, for example, are the next level down (from the family Hominidae) and do not include
the lesser apes. Therefore, misspelling hominoid as hominids will be marked as incorrect.

Resourceseses
Resources

eWorkbook Worksheet 10.1 Mammals, primates and hominoids (ewbk-4105)
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10.2.4 Shared characteristics of hominins
Apes, such as gorillas and chimpanzees, and humans are all classified as hominoids; however, they are all
classified into different genus groups (see fi gure 10.16).

FIGURE 10.16 Classification of members of superfamily Hominoidea
(hominoids) to the level of genus. Hominins (Hominini) are highlighted.

SUPERFAMILY Hominoidea

Hylobates Pan

ChimpanzeesGibbons

Siamangs

Homo

Humans

FAMILY

SUBFAMILY

TRIBE

GENUS

Homininae

Hylobatidae Hominidae

Ponginae

PaniniGorillini Hominini

Pongo

Orang-utans

Gorilla

Gorillas

hominins modern human
species and our extinct close
relatives that could walk with a
bipedal locomotion

Modern classification places humans in the taxonomic group known as tribe Hominini. Members of this tribe
are known as hominins. It is only at this level of classification that humans are separated from all the other
great apes. Note that our closest living relatives are members of the tribe Panini, which includes the common
chimpanzee (Pan troglodytes) and the bonobo or pygmy chimpanzee (Pan paniscus).

TIP: Be careful when using old resources for information about hominins and hominids. In previous classification
schemes (prior to 1980), the term hominids was used to refer to humans and their bipedal ancestors. This has
been adjusted in modern times, in which the great apes are also referred to as hominids. This shows how
classifications are not fixed, but are subject to review and revision that can occur when new information or
interpretations provide a better explanation than those they replace.

Try to make sure you use up-to-date resources when researching the different classifications. Hominin is the
correct term for humans and their erect-walking ancestors.

FIGURE 10.17 Knuckle walking of
gorillas

Characteristics of hominins

The term hominin refers to the modern human species and our
extinct close relatives that could walk with bipedal locomotion.

bipedalism a form of
locomotion involving routine
movement on two feet

Bipedalism (meaning ‘two-footed’) refers to when a species can walk
erect on their hind legs in a sustained fashion. Bipedal locomotion is
the key defining characteristic of hominins.

knuckle walk a style of walking
on four limbs in which the
forelimbs are in contact with
the ground through the knuckles
of flexed hands

This is in contrast with other primates that walk on four limbs and are
said to be quadrupedal (meaning ‘four-footed’). The great apes, such
as gorillas and chimpanzees, typically walk with their knuckles on the
ground (see figure 10.17). This is known as knuckle walking.
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Bipedalism

Structures vital for bipedalism

Evidence of erect or bipedal walking can come from the:
• position of the hole (foramen magnum) in the base of the skull
• arrangement of the femur and tibia
• shape of the pelvis
• shape of the spine
• size of the heel bone and subsequent heel arch.

The position of the foramen magnum

foramen magnum a hole at the
base of the skull in which the
vertebral column attaches

cranium the vertebrate skull minus
the lower jaw

The 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.

If the foramen magnum is towards the centre, the organism walks upright, whereas if it is at the back of the
skull, the organism walks stooped on all fours. As shown in figure 10.18, hominins, such as Homo sapiens and
Australopithecus africanus, have foramen magnums that are much more central on their skull compared to other
primates.

FIGURE 10.18 a. The position of the foramen magnum in gorillas versus two hominins b. The position of the head
on the vertebral column

Foramen

magnum

a.

b. Gorilla Homo sapiensAustralopithecus africanus

Foramen

magnum

The arrangement of the femur and tibia

In primates that walk erect, such as humans, the femur (thighbone) is at an angle to the tibia (shinbone) (see
figure 10.19a). 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.

This 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.

carrying angle the angle formed
between the femur and the vertical;
also known as the bicondular angle

The angle made by the vertical with the femur forms the carrying angle (see
figure 10.19b). In modern humans, the carrying angle is in the range of 8 to
11 degrees. Chimpanzees (and the other great apes) cannot walk erect for a sustained
period. Their femurs and tibias join in a straight line. The carrying angle in these
prehuman great apes is about 1 degree.
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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, chimpanzees lean
forward with widely spaced legs and feet, leading to knuckle walking.

FIGURE 10.19 a. The different angles of the femur and tibia
in hominin species (Homo sapiens) compared to that of
chimpanzees b. The carrying angle that forms between the
femur and vertical

Chimpanzee Homo sapiens
a. b.

Femur

Tibia

Carrying

angle

Leg length

The legs in hominins are also much longer. This leads to a greater leg : arm ratio compared to other hominoids
(see figure 10.20). This assists with bipedalism and allowing for hominins to remain in an erect, upright posture.

FIGURE 10.20 A comparison of a gorilla with two hominin species showing the changes in the leg (in blue): arm
(in pink) ratio

GorillaGorilla AustralopithecusAustralopithecus Homo sapiens
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The shape of the pelvis

The structure of the pelvis is quite different between hominins and other hominoids, such as the great apes.

To assist with bipedalism in hominins, the pelvis is more bowl-shaped with a much shorter hip bone compared to
the pelvis of a chimpanzee. This will be further explored in section 10.3.3 (refer to figure 10.37).

FIGURE 10.21 Structure of the pelvis of a. a
chimpanzee and b. a modern human. In hominins, who
can walk erect, the pelvis is bowl-shaped and the hip
bone is short compared to that of the chimpanzee.

a. Chimpanzee b. Homo sapiens

The shape of the spine

The hominin spine has a natural ‘S’ shape that acts as a spring,
providing flexibility. This is important with walking, as it enables the
spine to act as both a shock absorber and assist in weight distribution.

This differs to the spine of other hominoids, such as the great apes, who
have a C-shaped spine, as shown in figure 10.22.

FIGURE 10.22 Comparison of the
C-shaped and S-shaped spines
between hominoids, such as gorillas,
and hominins, such as humans

The size of the heel bone and subsequent arch

In hominins, the size of the heel bone is larger compared to other hominoids. The arch is also more significant.
As well as this, the hallux (the big toe) is much more in line with the other toes, rather than being opposable.

These changes in foot structure allowed for bipedalism in hominins as the feet better support the weight of an
individual, and also allow for better weight transference while walking. The differences in the feet between
humans and chimpanzees can be seen in figure 10.23.

FIGURE 10.23 Comparison of feet between Homo sapiens and chimpanzees

Curved toes

Straight toes

Foot arch

Enlarged heel

Opposable thumb

Chimpanzee

Homo sapiens
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Other features of hominins
While this evidence of bipedal movement and an erect posture are their distinguishing characteristics, there are
other features that are seen in hominins when compared with other hominoids, including:

• a larger and more complex brain
• a reduction in teeth size
• a more parabolic-shaped (or V-shaped) dental arch (shown in figure 10.24).

FIGURE 10.24 The upper jaws and teeth of a chimpanzee, Australopithecus afarensis and a modern human,
showing the dental arch and size of the teeth. Note the changes seen in hominins compared to other
hominoids — the dental arch has become more V-shaped, rather than the U-shaped arch seen in other
hominoids.

Chimpanzee Homo sapiens

(modern humans)

Australopithecus

afarensis

Canine Diastema

Summary of changes
A summary of the changes seen in some of the features of hominins is shown in table 10.4.

TABLE 10.4 Comparing features of other great apes (such as gorillas) to hominins

Feature Other great apes Hominins

Brain size Smaller Larger

Size of canine teeth Larger Smaller

Shape of dental arch Box-shaped More rounded

Gap (diastema) in tooth rows Present Absent

Position of foramen magnum Towards the back of the skull More central on skull

Spine C-shaped S-shaped

Arrangement of femur and tibia Less angled (straight) More angled

Size of heel bone Smaller Larger

Heel arch Flat Arched

Shape of the pelvis Longer Shorter and more bowl-shaped
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CASE STUDY: Using footprints to explore bipedalism

Other evidence for the erect walking of hominin species comes from fossilised footprints.

A trail of fossilised footprints extending for more than 20 metres was discovered in Laetoli in northern Tanzania in
1978. The footprints were made about 3.6 million years ago by one or possibly two adult hominins and a juvenile
when they walked across a surface covered in damp volcanic ash (see figure 10.25).

The Sun dried the wet ash, preserving the footprints. These impressions were later covered by more volcanic ash
and the material became compacted and hard. The 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
figure 10.6a).

FIGURE 10.25 The Laetoli footprints. This fossil evidence captured
in rock supports the conclusion that hominins walked upright about
3.6 Mya.

SAMPLE PROBLEM 1 Comparing skulls of hominins and hominoids
tlvd-1808

Examine the skulls of two different primates shown.

Skull A Skull B
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a. Name three characteristics that the species represented by skulls A and B would have in
common. (3 marks)

b. Construct a table to identify which primate has its highest classification level as hominoid and which
has it as hominin. Justify your response. (4 marks)

THINK WRITE

a. 1. Identify what the question is asking you to do.
In a name question, you can list answers with
one word or a short sentence.

2. Consider what both skulls A and B have in
common — they are primates, as stated in the
stem of the question. The question asks for
three characteristics; these must be distinct
from each other.

Any three of the following:
• Opposable thumbs OR opposable toes
• Binocular vision OR stereoscopic vision
• Fully rotating shoulder joint
• Large brains relative to body size
• Relatively long gestation periods.
(1 mark for each correct answer)

b. 1. Identify what the question is asking you to do.
You need to identify and justify using a table.
You need to list an answer and explain your
response with evidence.

2. Consider the differences between a hominoid
and a hominin and then what evidence a skull
can give you about this.

In these skulls, one feature that differs is the
foramen magnum. In hominins, this is more
central to allow for a bipedal locomotion
(skull A). In other hominoids, this sits further
back (skull B) as they walk with a quadrupedal
locomotion.

3. Use this information to construct a table.

Skull Classification level Justification

A Hominin (1 mark) As hominins walk with a bipedal locomotion, the foramen
magnum is located centrally on the skull due to the spine being
vertical (1 mark).

B Hominoid (1 mark) As hominoids walk with a quadrupedal locomotion, the foramen
magnum is located at the back of the skull due to the spine
being horizontal (1 mark).

Resourceseses
Resources

eWorkbook Worksheet 10.2 Who’s in the family (ewbk-4107)

Weblinks Hominid and hominin — what’s the difference?

Australian Museum Human Evolution resources
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KEY IDEAS

• Humans are members of the class Mammalia and share a distinctive set of features with all other mammals,
such as possessing hair/fur and milk-producing mammary glands.

• Humans are members of the order Primates and share a distinctive set of features with all other primates,
such as opposable thumbs and binocular vision.

• Humans and the other apes are members of the superfamily Hominoidea, and are called hominoids.
Hominoids, unlike other primates, do not possess prehensile tails.

• 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.

10.2 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

10.2 Quick quiz 10.2 Exercise 10.2 Exam questions

10.2 Exercise

1. MC Homo sapiens are classified as
A. hominoids but not hominins.
B. hominins but not hominoids.
C. both hominoids and hominins.
D. neither hominoids nor hominins.

2. MC Bipedalism is a feature specific to
A. the genus Homo.
B. hominins.
C. hominoids.
D. primates.

3. Identify the key characteristic that classifies a species as a hominoid.
4. Create a table that lists the key characteristics of humans that

defines them as mammals, primates, hominoids and hominins.
5. Describe the differences between a hominoid and a hominin.
6. Describe how the walking style of humans differs to other

great apes.
7. Consider the following statement: ‘All species that have

opposable thumbs are primates.’ Is this statement correct
or incorrect? Justify your response.

8. Examine the skull shown. Suggest the walking style of this
organism. Justify your response.

10.2 Exam questions

Question 1 (1 mark)
Source: VCAA 2018 Biology Exam, Section A, Q38

MC Consider the evolution of hominins.

Which one of the following statements about hominin evolution is correct?
A. Homo sapiens and Homo neanderthalensis are the only present-day hominin species.
B. Members of the Australopithecus genus are not classified as hominins.
C. Homo erectus was a bipedal primate.
D. All hominoids are also hominins.
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Question 2 (1 mark)
Source: VCAA 2018 Biology Exam, Section A, Q37

MC Members of the order Primates are mammals.

Which combination of features is common to all primates and distinguishes them from other mammals?

Feature 1 Feature 2 Feature 3
A. Forward-facing eyes Sloping forehead Fur or hair

B. Binocular vision Opposable thumbs Fully rotating shoulder joints

C. Parabolic jaw Tail Nails instead of claws

D. Even-sized teeth Arms longer than legs Bipedal stance

Question 3 (1 mark)
Source: VCAA 2019 Biology Exam, Section A, Q40

Source: Smallcreative/Shutterstock.com

MC What evidence in the image above enables the primate shown to be classified as a hominoid?

the presence of an opposable thumbA. the absence of claws on the toesB.
the presence of hairC. the absence of a tailD.

Question 4 (1 mark)
Source: VCAA 2006 Biology Exam 2, Section A, Q22

MC Consider the following diagrams of skulls.

W X Y Z

The skull most likely to be that of a chimpanzee is

WA. XB. YC. ZD.

Question 5 (4 marks)

Human are classified as primates.
a. Name three primates, other than humans. 1 mark
b. List three distinguishing characteristics common to all primates. 1 mark
c. Chimpanzees and humans belong to the same subfamily, Homininae, but different tribes.

Describe two features that you might use to distinguish chimpanzees from humans. 2 marks

More exam questions are available in your learnON title.
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10.3 Major trends in hominin evolution

KEY KNOWLEDGE

• Evidence for major trends in hominin evolution from the genus Australopithecus to the genus Homo: changes
in brain size and limb structure

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

10.3.1 Major trends in hominin evolution

Timeline of hominin species
There is no universal agreement about the precise evolutionary history of our human species. However, there
is agreement that small-brained hominins separated from the line that led to the gorillas and chimpanzees,
possibly about 7 to 10 million years ago, 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. These first hominins were not
members of the genus Homo.

The main genus’ that are classified as hominins include:

Paranthropus a group of extinct
hominins known as the robust
hominins, who are not thought to
be ancestors of modern humans

• Australopithecus
• Paranthropus
• Homo
• Ardipithecus.

Figure 10.26 shows the timelines of the major hominin species.

FIGURE 10.26 The timeline and time frames in which the different hominin species were thought to be present.
Each genus is shown with a different colour.
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While it is thought that Australopithecus are our direct ancestors, the genus Paranthropus is not thought to be a
direct ancestor of Homo.

One example of a possible phylogenetic tree for hominins is shown in figure 10.27. This is constantly up for
debate and open for interpretation. For example, some scientists believe that some of the Homo species are
actually the same species (i.e. H. erectus and H. ergaster), rather than different species. It is very difficult
to determine this with certainty using fossil and DNA evidence alone. This will be further explored in
subtopic 10.4.

FIGURE 10.27 A possible evolutionary pathway of
hominin species

H. sapiens

H. neanderthalensis

H. heidelbergensis

Denisovans

H. antecessor

H. erectus

H. ergaster

H. rudolfensis

Homo habilis
P. robustus P. boisei

A. africanus
A. garhi Paranthropus

aethiopicus

A. bahrelghazali

A. afarensis
Kenyanthropus

platyops

Ardipithecus 

ramidus

Australopithecus

anamensis

0

1

2

3

4

5

M
il
li
o

n
s
 o

f 
y
e

a
rs

 a
g

o

TIP: While you do not have to memorise all the names of the different species, you should know the general order
of hominins from Australopithecus to Homo. For example, if you are asked to investigate the skulls of
A. afarensis, H. erectus and H. sapiens, you should be able to note the trends and features in the skulls and
determine which skull belongs to which species using a basic understanding of the order they appeared in
geological time.

As explored in section 10.2.4, there are many features that help distinguish species as hominins. However, there
is a slow progression of these different traits from early hominins to Homo sapiens. This progression is evident
in the skulls shown in figure 10.28.
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FIGURE 10.28 The development of primate skulls over time. From left to right:
Adapis (a lemur-like animal that lived around 50 Mya); Proconsul (a primate from
23–15 Mya); Australopithecus africanus (3–1.8 Mya); Homo habilis (2.1–1.6 Mya);
Homo erectus (1.8–0.3 Mya); a modern human (Homo sapiens, which is around
92 000 years old); and a French Cro-Magnon human from around 22 000 years
ago. The last five skulls are all examples of hominins.

Trends in hominin evolution

The main trends observed over time from the genus Australopithecus to the genus Homo are:
• a marked increase the size of the cranium, including the height and the width of the skull, indicating that

brain size also was increasing*
• an increase in the length of feet with more developed arches*
• an increase in leg length (a larger leg : arm ratio)*

Other trends include:
• a reduction in the size of teeth
• a flattening and shortening of the face, making the face nearly vertical
• a more central foramen magnum
• a smaller zygomatic arch (cheek bone)
• a less prominent brow ridge
• a more parabolic-shaped (or V-shaped) jaw
• the development of a more S-shaped spine.

*Note: As part of the Study Design, you are only required to know detail about brain size and limb structure. However, it
is useful to know some other trends as this can help you more easily identify different species and where they sit in the
evolutionary line.

Table 10.5 shows the evolutionary trends over time from gorillas, to early hominins, to modern humans.

TABLE 10.5 The evolutionary trends over time from gorillas, to early hominins of genus Australopithecus, to those
in the Homo genus, including modern humans (Homo sapiens)

Feature Gorilla Australopithecus Homo

Brain size* Small Larger Largest

Leg : arm ratio* Small Larger Largest

Feet structure* Short and flat Longer, with arch Longest, with most
prominent arch

Size of canine teeth Largest Small Smallest

Shape of dental arch Box-shaped More rounded Parabolic

Position of foramen
magnum

Towards back of skull Further forward Most forward

Zygomatic arch Largest Small Smallest

Brow ridge Large Small Very small

Spine shape C-shaped Between C and
S-shaped

S-shaped

*Note: Only information about brain size and limb structure are examinable for the Study Design.
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10.3.2 Changes in brain size

Expansion of the human brain
One of the most important trends in hominin evolution relates to changes in brain size.

From the fossil record, it is clear that over time, the cranial capacity of hominins has increased. This indicates that
over time, the size of the brain also increased. As we do not have brain specimens from earlier hominin species,
we infer this from the size of the cranium.

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

Figure 10.29 shows the brain volumes in various hominins, from Australopithecus to Homo species.

FIGURE 10.29 Graph showing the rate of increase in size of the hominin brain and cranial capacity over the
7 million years of hominin evolution
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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 — it more than
doubled in the next 2 million years, but this was not accompanied by a doubling of the sizes of other body parts.
Research suggests a link between the increase in brain size and the use of fire and cooking by Homo habilis,
which allowed for an increase in the digestion of nutrients. This indicates 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. Speech was also to able become more complex
and articulate with increased cognitive ability, allowing for richer communication and rituals (such as burial
ceremonies).

The disproportionate size of the brain relative to average body mass in members of the genus Homo is seen even
more clearly when average brain size is plotted against average body mass (see figure 10.30).
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FIGURE 10.30 Graph of average brain volume against average body mass. Note the disproportionate expansion
of brain volume in various human species as compared to the great apes and the early hominins
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The expansion of the brain in Homo species did not occur evenly over all its parts. 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 disproportionately (shown in figure 10.31).

FIGURE 10.31 The different components of the brain expanded at different rates

Limbic system:
emotion, anxiety, hormones,
sexual behaviour, memory,
learning

Neocortex:
higher cognitive functions

Cerebrum:
coordination

Basal ganglia:
motor control, rewards

Brain stem:
pain, vomit reflex

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 development of sustained bipedal locomotion freeing the hands.
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The changing skull size and structure
As the brain size of the hominins increased, the skull size and structure also changed.

Alongside a larger brain size, the following changes occured:
• The shape of the cranium became rounder.
• The slope of the forehead subsequently became more vertical (see table 10.5 and figure 10.33).
• The jaw shape become more parabolic and it reduced in size, as did the teeth (linked with changing diets due

to the ability to use fire and cook food).
• The foramen magnum, which is the position where the vertebral column joins the skull, moved from the back

to the middle of the skull.

Observations of skull shape related to brain size

You can see the result of the changing shape of the cranium in figure 10.32, which compares the skulls of an
early hominin (A. africanus), an early Homo species (H. erectus) and a modern hominin (H. sapiens).

Note that as the human face became flatter and more vertical, the amount of the face that is visible from this
perspective decreased. In early hominins the face tends to be concave and, because of their relatively much
larger teeth and jaws, their faces project forward. A side view of these skulls can be seen in figure 10.33.

FIGURE 10.32 The change in cranium capacity over time correlates with the change in brain size.

Australopithecus africanus Homo erectus Homo sapiens

FIGURE 10.33 A side view of the skulls of different hominins, showing the flattening and shortening of the face

Australopithecus africanus Homo erectus Homo sapiens

INVESTIGATION 10.2
elog-0429

Investigating hominin fossils

Aim

To investigate different hominin skulls and determine trends in different features
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CASE STUDY: The link between brain size and a changing diet

The 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 apes, the brain uses about 13 per cent of total energy intake.
• In other mammals, the brain uses about 2 to 8 per cent of total energy intake.

The inclusion of meat in the human diet and the later use of fire for cooking produced the extra nutrients and
energy for brain growth. Prior to this point, the main diet was herbivorous-based.

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 million years ago reduced the area of lush forested
land in Africa and gave a selective advantage to individuals with greater cognitive skills. These 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.

BACKGROUND KNOWLEDGE: The position of the foramen magnum

While this does not directly link to skull size, it is clear that over time the position of the foramen magnum has
become more centred on the head.

FIGURE 10.34 The movement of the foramen magnum over time. From left to right: chimpanzee, A. africanus,
H. erectus and H. sapiens. While it can be seen that hominins have a much more central foramen magnum,
this trend has continued as hominins have evolved.

This change in the hominin skulls was not only due to the increasing brain size; it was mostly due to the change
from quadrupedal walking in hominoids to bipedal walking in hominins.

Resourceseses
Resources

eWorkbook Worksheet 10.3 Hominin relationships and evidence from skulls (ewbk-4109)

Video eLesson Changes in hominin skulls (eles-4632)

Interactivity Hominin skulls (int-0241)

Weblink Australian Museum — Hominin skulls
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10.3.3 Changes in limb structure
As primates transitioned from an arboreal life of moving through treetops to living and walking on land, their
limbs adapted. The size, shape and angle of hominin limbs changed over time when particular characteristics
gave populations a selective advantage.

Trends in limb structure

Key changes in limb structure include:

length of the legs• angle of the legs• shape of the pelvis• shape of the foot.•

Many of these changes were first introduced in section 10.2.4 when exploring the shared characteristics of
hominins compared to hominoids such as the great apes. These features continued to change and further evolve
through the hominin species.

Trends in the length of legs
Over time, the lengths of the legs in hominins have become longer in comparison to their arms. This better
assists with bipedal motion, preventing knuckle dragging.

TABLE 10.6 The ratio of leg (hindlimb) to arm (forelimb) length for several primate species, including three
hominins: Australopithecus afarensis, Homo erectus and modern humans

Species Ratio of leg (hindlimb) to arm (forelimb) lengths

Gibbon, Hylobates sp. 0.76 : 1

Chimpanzee, Pan troglodytes 1.00 : 1

Lucy, Australopithecus afarensis 1.14 : 1

Homo erectus, an early human 1.43 : 1

Homo sapiens, modern human 1.43–1.47 : 1

FIGURE 10.35 From a. Australopithecus afarensis to b. Homo erectus, it can be seen that there has been a clear
change in leg length. The leg length: arm length ratio is much greater in modern hominins.

b.a. Increased cranial capacity
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There are also many other features that can be observed in figure 10.35 to have changed from Australopithecus
to Homo. The shape of the pelvis, the angle of the femur, the skull structure and the shape of the rib cage have
all changed over time.

Trends in the angle of legs

FIGURE 10.36 The changing
arrangement of the femur and tibia
from Australopithecus to Homo

HomoAustralopithecus

Femur

Tibia

As discussed in section 10.2.4, in great apes, the angle of the
femur and tibia join in a straight line, limiting a bipedal position.

In modern humans the carrying angle is in the range of 8 to
10 degrees. This angle has altered over time.

In the Australopithecus afarensis skeleton, the femur is angled
out from the line of the tibia and provides evidence that it walked
erect. In Australopithecus species the carrying angle is larger —
about 14 to 15 degrees. This angle is greater than in modern
humans. This is the case because Australopithecus species were
much shorter than modern humans and a greater angle is required
to bring the centre of mass within the outline of the feet.

Trends in knee size
The size of the knees and kneecap (the patella) from
Australopithecus to Homo also increased over time. When
walking with a bipedal locomotion there is more body weight
placed on two limbs rather than four. The increasing size of knees
allows for greater muscle attachment and the ability to act as a
shock absorber. However, this does not reduce all of the pressure on the knee joints, and this is why knee injuries
can be commonplace when athletes assert a lot of pressure on the knees, as well as in old age.

Trends in pelvis shape
When the legs of hominins evolved to become angled inwards to walk erect, this also had an impact on
their pelvic anatomy. To sustain walking upright, the pelvis needed to have a larger surface area for muscle
attachment, but it also needed to be narrow enough to create the carrying angle for the legs. Evidence shows that
the pelvis shape changed from a long and narrow shape, as seen in chimpanzees, to a bowl-shaped pelvis that is
much shorter in hominins (see figure 10.37). The pelvis of Australopithecus africanus shows evidence of bipedal
walking as it was shorter like a hominin pelvis, but it was wider than the pelvis of modern humans.

FIGURE 10.37 The changing pelvis shape from a. chimpanzees, to b. Australopithecus, to c. Homo

a. Chimpanzee b. Australopithecus c. Homo
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Trends in foot structure
The great apes predominantly live an arboreal life and this is reflected in their foot structure. Their feet are flat
due to having straight bones, while their toes are curved (see figure 10.38). The curvature of their toes, along
with a big toe that is opposable, allows them to grasp branches to move efficiently through trees.

FIGURE 10.38 The comparison of foot morphology between chimpanzees and modern humans. The foot of
earlier hominins, such as the Australopithecus species, showed a transition between these traits.
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Evidence from the feet of Australopithecus species show they walked erect with their big toes oriented parallel
to their other toes, as in the feet of modern humans. While Australopithecus species were capable of bipedal
locomotion, it was not the long striding gait that is typical of modern humans.

The skeletons of Australopithecus species show features that are also adaptations for tree climbing, such as long,
curved bones in the fingers and the toes, indicating that they still spent considerable time in trees.

brachiation a mode of
locomotion involving swinging
from one handhold to another

Some scientists speculate that Australopithecus species could move by swinging from branch to branch with
their arms, in a mode of locomotion known as brachiation. Their skeletal structure also allowed them to stand
and walk erect when they descended to the ground, perhaps to move between clumps of trees or to seek food at
ground level.

In modern humans and other species in the Homo genus, further modifications of the foot occurred from the foot
structure of the australopithecines. The heel enlarged and this resulted in a longitudinal foot arch under the feet
(see figure 10.38). This change allowed the heel to act as a shock absorber and distribute the pressure from the
body across the whole foot. The foot structure also changed from having long,
curved toes to ones that are short and straight. This, coupled with the big toe
being positioned forward instead of being opposable, allowed the hominins to push
off with their big toe when then walking with a bipedal locomotion.
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SAMPLE PROBLEM 2 Determining hominoid species from their limb structure
tlvd-1809

Images of the pelvises and lower limbs of three hominoids are shown. These are from a gorilla,
Australopithecus afarensis and Homo sapiens.

A B C

Examine the three images and match them to the appropriate hominoid species. Justify your
response. (3 marks)

THINK WRITE

1. Identify what the question is asking you to do.
The first part of the question is asking you to
match. In a match question, you must link two
words, sentences or images to another.

2. Consider the different features of the lower
limbs of gorillas (great apes), Australopithecus
afarensis and Homo sapiens. You should be
looking at the pelvis and the angle of the limbs.
Great apes have straight legs and a long pelvis,
while Homo sapiens have a bowl-shaped pelvis
and longer legs angled inwards.

• Gorilla — B
• Australopithecus afarensis — C
• Homo sapiens — A

3. The second part of the question asks you to
justify. In a justify question, you must support
your answer with evidence.

4. Consider the impact that pelvis shape and leg
angle has on how a species moves. A gorilla
walks on all fours, while Homo sapiens and
Australopithecus afarensis are bipedal. Use this
to justify your answers.

B belongs to a gorilla as it has a long and
narrow pelvis and a straight leg (1 mark).

C belongs to Australopithecus afarensis as it
has a shorter pelvis and a leg angled inwards
(1 mark).

A belongs to Homo sapiens as the pelvis is
bowl-shaped and the leg is pointed inwards,
and is longer than C (1 mark).
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EXTENSION: Other trends observed in hominin evolution

Other than brain size and limb structure, many trends have been observed in the evolution of hominins.

Jaw and teeth

Throughout the evolution of hominins, the dental arch (jaw shape) has become more parabolic and shortened.
The teeth have become much smaller and the diastema (the gap between teeth) has closed up.

Size of the zygomatic arch

The zygomatic arch (which forms the cheekbone) has decreased in size over time. The zygomatic arches not
only protect the eyes, but allow muscles to attach that aid in chewing plant matter. As hominins have over time
become more reliant on meat in their diet (compared to earlier hominins who where herbivores), less time is
required to chew and break down plant product. Therefore the zygomatic arches are now smaller.

FIGURE 10.39 The shape of the dental arch
has become more parabolic (V-shaped) rather
than U-shaped and the teeth have become
smaller throughout hominin evolution.

Homo sapiens

(modern human)

Australopithecus

afarensis

FIGURE 10.40 The size of the zygomatic arch has
decreased over time throughout hominin evolution.

a. b.

Zygomatic arches

a. b.

Brow ridge

zygomatic arches cheekbones
comprising horizontal bony
ridges on a mammalian skull

As hominins have evolved, their faces have become much flatter with a less prominent brow ridge. However,
earlier hominins had a very prominent brow ridge. The brow ridge is located above the socket in primates and
helps support the bones in the face. As our zygomatic arch got smaller, so too did the brow ridge.

FIGURE 10.41 a. Different skull specimens, showing the change in the brow ridge
over time b. The brow ridge as seen in a model of a Homo neanderthalensis

a. b.
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Size of the rib cage

Over time in hominin evolution, the rib cage has become much narrower and longer, with a bowl-shaped
appearance. The rib cage of Australopithecus species was much wider at the lower end compared to the top end
(refer back to figure 10.35). This is because early hominins were herbivores, and therefore had a longer digestive
tract. Thus the rib cage structure allowed for the longer and larger digestive tracts to be accommodated.

Resourceseses
Resources

Interactivity Hominin limb structure (int-8330)

10.3.4 A detailed look at members of the early hominin tribe

The australopithecines
The members of Australopithecus are some of the oldest species of hominins. They lived in eastern and southern
Africa from approximately 4.2 to 2 million years ago (see figure 10.42).

Evidence from fossil records shows that members of Australopithecus were able to walk with a bipedal
locomotion, but their brain size was relatively small and similar in size to the great apes.

FIGURE 10.42 Australopithecus fossils found in eastern and southern Africa provide evidence that members of
this genus lived there. Some older hominins are also shown.
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Two of the most famous members of the Australopithecus genus are A. africanus, which lived in southern
Africa, and A. afarenis (as detailed in the provided Case study on Lucy), which lived in eastern Africa. Other
members include A. sediba and A. deyiremeda.
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CASE STUDY: Lucy from the Afar Triangle (Australopithecus afarensis)

It is 1974. A group of scientists are on a field 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. In a gully he finds part of an elbow joint, then part of a skull, a femur (thigh bone),
several vertebrae, parts of a pelvis, some ribs, and other bones and bone fragments. 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 figure 10.43). The skeleton was that of an ape-like creature who walked erect, 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. The condition of her teeth suggested
she was 25 to 30 years old when she died.

This fossil skeleton was given the popular name Lucy. Lucy was not a member of the genus Homo but was a
hominin, and is classified 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 first human species gradually evolved.

FIGURE 10.43 a. The hominin skull of Lucy (image courtesy of the
Institute of Human Origins) b. A reconstruction of Lucy

a. b.

CASE STUDY: A detailed look at other early hominin species

Lucy was one of the most famous Austalopithecus discoveries. Another famous discovery was that of the ‘Taung
Child’, a member of Australopithecus africanus that was uncovered in 1924.

Several more australopithecine species have been discovered in recent years, with one of 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 (see figure 10.44). Australopithecus sediba (see figure 10.45) was another more
recent discovery from this genus.

Australopithecus were not the only genus of early hominins. Paranthropus and Kenyanthropus were also part of
these early hominins.
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FIGURE 10.44 The left half of
the lower jaw of Australopithecus
deyiremeda

FIGURE 10.45 Cranium of
Australopithecus sediba found in South
Africa in 2008

To access more information about all of these early hominins, including the Australopithecus genus, please
download the digital document.

Resourceseses
Resources

Digital document Case study: A detailed look at early hominin species (doc-36149)

10.3.5 A detailed look at members of the genus Homo

FIGURE 10.46 Variation exists in
populations of Homo sapiens.

The 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 figure 10.46). 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
offspring.

For extinct organisms, decisions about defining species are made
using the evidence available, either directly or by inference from
fossil bones and teeth. For this reason, there is no universal
agreement on the number of different 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 differ in their interpretations
and conclusions. This will be further explored in subtopic 10.4.

What does it mean to be human?
‘Being human’ is not easy to define. No single feature defines humanity. The evolution of the genus Homo is
linked to structural changes such as enlargement of the brain. Over the period starting from 2.8 million years
ago — after the appearance of the first human species — the evolution of the genus Homo continued and is most
significantly associated with the development of complex cognitive skills and behavioural changes, including:

• making and using fire
• cooperating in group activities
• caring for aged and ill members of the species
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• burying the dead
• the development of art, language, mathematics and music
• the use of symbols
• an increase in the use of technology, which began with tools crudely fashioned from stone by Homo habilis

and has extended to the present-day use of computers, lasers and spacecraft by Homo sapiens.

A summary of the main Homo species
Africa is the site where the first members of the genus Homo appeared at least 2.8 million years ago. Many
different species within the genus Homo evolved and existed before the first appearance of modern humans
(Homo sapiens) and some coexisted with our species. However, our species of H. sapiens is now the only living
member of this genus.

Some of the main species of Homo (in order of approximate appearance) include:

Homo neanderthalensis an
extinct Homo species known as
Neanderthals, who were thought
to have interbred with Homo
sapiens

• Homo habilis
• Homo ergaster (sometimes thought to be Homo erectus ergaster)
• Homo erectus
• Homo heidelbergensis
• Homo neanderthalensis
• Homo sapiens.

Many trends observed from the evolution of Australopithecus to Homo (such as
changes in brain size and limb structure) are also observed from early to modern
Homo species. Some of these changes are summarised in table 10.7 and can be
seen in figure 10.47.

TABLE 10.7 Comparison of various Homo species. H. erectus is an older Homo species than
H. heidelbergensis and H. sapiens.

Feature H. erectus H. heidelbergensis H. sapiens

Prominent brow ridges + + −

Rounded skull − − +

Big teeth + + −

Sloping forehead + + −

Large brain (≥ 1200 mL) − + +

Pointed chin − − +

+ feature present

− feature absent

Source: Based on information from the Australian Museum.

FIGURE 10.47 Skulls of a. Homo erectus and b. a modern human, Homo sapiens
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CASE STUDY: A detailed look at members of the genus Homo

Each Homo species has certain distinguishing features. These are summarised in table 10.8. Note that this table
does not include all species within the genus Homo.

TABLE 10.8 A summary of species in the Homo genus

Species Approximate time
Distinguishing
feature Comments

Homo habilis Earliest fossils dated
at 2.4 million years

The first toolmakers
(used simple stone
tools)

Fossils had a greater brain size
(approximately 640 mL) and smaller
teeth than Australopithecus so classed
as Homo

Homo erectus Earliest fossils dated
at 1.8 million years.
The oldest fossil was
found in Kenya.

Well-known fossil
specimens are the
Turkana Boy (found in
Kenya), ‘Peking Man’
and ‘Java Man’.

The first emigrants
(H. erectus were
thought to have
migrated out of
Africa to other
continents)

Believed to be a direct ancestor of
later human species

As shown in figure 10.47, their skull
structure has many similarities to H.
sapiens (with a brain size of around
900 mL; around 75 per cent of modern
humans). They were thought to use
fire and more elaborate tools than
H. habilis.

Some scientists split into two separate
species — H. erectus (later species
that spread out of Africa) and H.
ergaster (ancestral species only found
Africa)

Homo floresiensis Around 60 000 to
100 000 years old

The ‘hobbit’ — very
small in stature

Found in Flores Island in Indonesia
and was thought to have evolved from
H. erectus

Very small brain capacity compared to
modern humans

Homo
heidelbergensis

Around 700 000 to
300 000 years old

Intermediate
features between
H. erectus and
H. sapiens

Larger brain case than H. erectus
(1000–1200 mL); this is approximately
93 per cent of modern humans. Also
has similar teeth to H. sapiens

There is debate on the position of
this species in the evolutionary line
of hominins. Some research suggests
it is an ancestor of H. sapiens and
Neanderthals, while other findings
place it as a separate branch.

Homo
neanderthalensis

Mostly lived around
200 000 years
to 30 000 years
old (some fossils,
however, are believed
to be older — around
400 000 years old)

The Neanderthals
(H. sapiens’
‘cousins’)

First reported in Neander Valley in
Germany with most other fossils found
in the Middle East and Europe

Brain size around 1400 mL, with low
and wide skulls, heavy brow ridges,
protruding jaws, heavier skulls and low
sloping foreheads

The location of some of the fossils for both Homo erectus (see figure 10.48) and Homo heidelbergenis (see
figure 10.49) shows that these species are thought to have moved out of Africa. The evolution and appearance of
Homo sapiens and their movement out of Africa will be further explored in section 10.5.1.
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FIGURE 10.48 Map showing some sites where H. erectus fossils have been found. Approximate ages (Myr) of
the fossils are given in parentheses.
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FIGURE 10.49 Map showing the location of some H. heidelbergensis fossil finds
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To access more information about these different species within the genus Homo, please download the digital
document.

Resourceseses
Resources

Digital document Case study: A detailed look at members of the genus Homo (doc-36150)
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Resourceseses
Resources

eWorkbook Worksheet 10.4 Summarising trends in hominin evolution (ewbk-8944)

KEY IDEAS

• The hominins can mostly be classified into the genera Australopithecus, Paranthropus or Homo based on
their physical characteristics.

• The earliest human species within Homo is generally accepted as Homo habilis.
• The genus Homo includes many different species; some of these include H. erectus, H. heidelbergensis,
H. neanderthalensis and H. sapiens.

• Members of the genus Homo have a larger brain size and inferred cognitive ability than members of the genus
Australopithecus.

• Features of a fossil skeleton related to limb strucutre allow conclusions to be drawn about whether the
species was capable of bipedal locomotion include the angle of the legs, the shape of the pelvis and the
structure of the foot.

10.3 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

10.3 Quick quiz 10.3 Exercise 10.3 Exam questions

10.3 Exercise

1. Create a table that lists the key characteristics that define a hominin as being a member of the genus
Australopithecus, Paranthropus or Homo.

2. Describe the anatomical features of the human foot that support walking with a bipedal locomotion.
3. A complete fossil skeleton of a hominoid is available for examination. Identify two regions that you would

examine to assist you in deciding whether the species represented by this fossil skeleton was capable of
sustained bipedal locomotion.

4. Outline the trends in brain size from Australopithecus to modern Homo sapiens.
5. Explain why fossils from the genus Australopithecus are sometimes referred to as being transitional species of

the great apes and the genus Homo.

10.3 Exam questions

Question 1 (1 mark)
Source: VCAA 2018 Biology Exam, Section A, Q39

MC Which general trend is shown by hominin fossils?
A. The older the fossil, the more central the position of the foramen magnum in the skull.
B. The older the fossil, the smaller the braincase that surrounds the cerebral cortex.
C. The more recent the fossil, the less bowl-shaped the pelvis.
D. The more recent the fossil, the larger the jaw bones.

750 Jacaranda Nature of Biology 2 VCE Units 3 & 4 Sixth Edition

PAGE PROOFS



“c10HumanChangeOverTime_PrintPDF” — 2021/5/13 — 14:39 — page 751 — #41

Question 2 (1 mark)
Source: VCAA 2019 Biology Exam, Section A, Q32
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neanderthalensis

1600

1400

1200

1000

800

600

400

200

0

inferred

average brain size

(cubic centimetres)

Inferred average brain size in several hominin species

MC The graph above shows the inferred average brain size of a number of hominin species.

Based on your knowledge and using the information in the graph, which one of the following species does not
follow the general trend in inferred brain size seen in hominin evolution?
A. H. habilis
B. H. sapiens
C. A. afarensis
D. H. floresiensis

Question 3 (1 mark)
Source: VCAA 2019 Biology Exam, Section A, Q33

MC Which row shows the group of characteristics that best reflects the trends in hominin evolution from the
Australopithecus species to the Homo species?

Characteristics
A. Decreasing tooth size, increasing size of brow ridges, increasingly bowl-shaped pelvis, increasing size

of zygomatic arch

B. Decreasing tooth size, decreasing size of brow ridges, decreasing arch of feet, more-opposable big toe

C. Increasing jaw size, decreasing size of zygomatic arch, increasing arch of feet, decreasing tooth size

D. Decreasing size of canines, decreasing size of zygomatic arch, increasingly bowl-shaped pelvis,
increasing arch of feet

Question 4 (1 mark)

MC A fossil human skeleton was found by paleontologists in East Africa.

What would identify it as belonging to the genus Homo?
A. Large teeth and parabolic jaw
B. Upright stance on two legs
C. Small cranial capacity
D. High arm to leg length ratio
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Question 5 (4 marks)
Source: Adapted from VCAA 2013 Biology Section B, Q11a

The skeletal structures of two extinct members of the hominin family tree, Australopithecus africanus and Homo
neanderthalensis, are shown below.

Australopithecus
africanus

Homo 
neanderthalensis

Examine the skeletal structures. For each of the features below, describe the difference between the two species
and state the significance of the difference.

• pelvic structure
• arm to leg length ratio

More exam questions are available in your learnON title.

10.4 Interpretation of the human fossil record

KEY KNOWLEDGE

• The human fossil record as an example of a classification scheme that is open to differing interpretations that
are contested, refined or replaced when challenged by new evidence, including evidence for interbreeding
between Homo sapiens and Homo neanderthalensis and evidence of new putative Homo species

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

10.4.1 The changing classification schemes around evolution
A nineteenth-century concept was that there was a ‘missing link’ between ape-like ancestors and modern
humans, as shown in figure 10.50a. The human family tree was seen as a straight line from ancestral forms, with
each ancestor being more human-like and less ape-like over time.
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Instead of a short, straight evolutionary line, a spate of hominin fossil  discoveries during the last third of the
twentieth century produced an evolutionary pathway leading to modern humans that is a bush with many
branches, mostly with dead ends (see figure 10.50b). This will be explored further in section 10.4.2.

FIGURE 10.50 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
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As new hominin species are found, the classification scheme can be changed and contested. Table 10.9 shows
the major fossil species of the genus Homo and some members of Australopithecus, many of which have
changed the ideas around evolutionary pathways.

TABLE 10.9 Table showing the major Homo fossils (as well as the recently discovered Australopithecus species),
their year of discovery or public announcement, and the estimated age or age ranges for each species

Year Species Where discovered Age range

2015 Australopithecus deyiremeda 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 years ago

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

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

2003 Homo floresiensis Flores Island, Indonesia 100 000–60 000 years ago

2019 Homo luzonensis Luzon Island, Philippines 50 000–67 000 years ago

2010 Denisovans* Siberia 41 000 years ago

*Note: As of 2020, there is no consensus around a formal species name. Proposed names have include Homo denisova or Homo
altaiensis.
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10.4.2 The human fossil record is always changing
Hominin fossils continue to be discovered and the pace of discovery has quickened 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 clarification 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. The 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 evolution.

Some fossils are very fragmentary so that disagreement may exist as to whether they should be identified as
hominins or as apes.

Currently, it is not possible to identify the exact evolutionary pathway that links the first hominin species to the
first Homo species. Much of the evidence we have is only based on fossils and DNA, and this evidence is largely
incomplete. Thus, it is difficult to determine patterns, particularly when natural variation exists.

It is also hard to definitively prove whether extinct organisms were able to interbreed (and thus be classed as the
same species) from fossils. Furthermore, it is also particularly important to note that there may be many species
in which no fossilisation occurred (as the conditions did not favour this), or fossils are yet to be found.

It is reasonable to speculate that the earliest hominins were ancestral to the australopithecines. From the
australopithecines, one evolutionary line gave rise to the robust Paranthropus species, and a second line gave
rise to the first members of the genus Homo — the first humans. The Paranthropus species were an evolutionary
‘dead-end’. One simple hypothetical pathway is shown in figure 10.51.

FIGURE 10.51 Possible relationships are shown by ‘?’ symbols between the various hominin species.
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As new species are discovered (refer back to table 10.9 in section 10.4.1), such as the bones of Homo luzonensis
in the Philippines in 2019, new additions are placed in the hominin classification scheme. Some of the
relationships between the main hominin species, including various Homo species, are shown in figure 10.52.
This is based on suggested evidence, but like figure 10.51, the relationships are only supported based on current
evidence and may alter as new evidence comes to light.
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FIGURE 10.52 Evolutionary links between major hominin groups
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Classification schemes are not fixed but may change when new information becomes available or when new
interpretations that provide better explanations are formulated.

Figure 10.52 shows a view of hominin evolution that identifies the major branches on the evolutionary ‘bush’.
However, it does not 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 H. naledi, first described in 2015, and Denisovans, first described in 2010, raise
questions about their places in hominin evolution.
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Similar questions were asked when detailed descriptions of the fossil hominin Australopithecus sediba were first
published in 2010, showing that it had some features similar to the australopithecines and others similar to early
Homo species. As stated in the 9 September 2010 issue of the journal Science: ‘Partial skeletons of 2-million-
year-old hominin Australopithecus sediba leave researchers impressed by their completeness but scratching their
heads over the implications for our family tree.’

Comparative genomics is providing new insights to hominin evolution. It was only through comparative genomics
that the Denisovans, the new hominins in our family tree, were discovered. As of 2020, the Denisovans are only
represented by five fossils: a tiny finger bone, three molar teeth and the parietal bone in the skull. The most recent
Denisovan fossil, Denisova 13, was only found in 2019. Another fossil discovered in 2012 was found to be a
Denisovan/Neanderthal hybrid, known as ‘Denny’. Debate around the Denisovans still exists, and questions still
surround their species name. Proposed names have included Homo denisova or Homo altaiensis.

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

Resourceseses
Resources

eWorkbook Worksheet 10.5 Alternative pathways (ewbk-8946)

Weblinks Human lineage over time

Human evolution timeline interactive

10.4.3 Evidence of interbreeding between Homo sapiens
and Homo neanderthalensis
Due to the nature of the evidence obtained from fossils, it can be difficult to
ascertain for certain whether interbreeding occurred between past species. This was
particularly difficult in the past, when the main evidence being used was observing
the physical characteristics of fossils (which were often incomplete).

In the early days of fossil discovery it was thought that Homo neanderthalensis were a direct ancestor of Homo
sapiens, a misconception that is still held by some people today. However, current evidence has brought about
the idea that H. neanderthalensis and H. sapiens are not directly related, but rather they share a common
ancestor.

Exploring the DNA from Neanderthal fossils

mitochondrial DNA (mtDNA) DNA
located on the mitochondria in cells
that is usually inherited maternally

FIGURE 10.53 A scientist starting to extract DNA
from a sample of Neanderthal boneIn 1997, a sample of mitochondrial DNA (mtDNA) was

isolated from a 40 000-year-old piece of arm bone from a
Neanderthal fossil. The mtDNA was partly degraded, but
short DNA fragments were obtained. These many short
fragments were amplified using the polymerase chain
reaction (PCR). Overlapping regions were identified
and, using these overlaps, a long sequence (379 bases)
of Neanderthal mtDNA was obtained. The Neanderthal
mtDNA sequence was compared with those of modern
humans, and an average difference of 27 bases was
noted. In contrast, the average difference between human
mtDNA samples is eight bases. This finding strongly
suggested that modern humans and Neanderthals are
different species.
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FIGURE 10.54 Neanderthal fossil
remains found in La Ferrassie in
France

Later, in 1999, 2002 and 2004, longer segments of Neanderthal
mtDNA were obtained from different Neanderthal fossils (see
figure 10.53). All the Neanderthal sequences showed a high degree
of similarity to one another, but were clearly distinct from the
modern human samples.

In 2010, the first 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 differences, sufficient
to identify them as two different species. (The differences between
Neanderthals and modern humans are much greater than the
differences between any two modern humans.)

Both the physical differences and the genetic differences support
the conclusion that H. neanderthalensis and H. sapiens are different
species, and that the former diverged at least 400 000 years ago
from the line that later gave rise to H. sapiens. The two species
coexisted in several areas of the Middle East and Europe for tens
of thousands of years before Neanderthals became extinct.

Did Homo neanderthalensis and Homo sapiens interbreed?
The Neanderthals coexisted with modern humans in some regions. Did Neanderthals and our modern human
ancestors interbreed? Fossil evidence to definitively 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.

This finding provides evidence that, after leaving Africa, modern humans interbred with Neanderthals. It is
thought that:

• the major exodus of modern humans out of Africa occurred about 65 000 years ago
• this interbreeding most likely occurred in the Middle East, where both species coexisted for a long period

before modern humans spread from there into Europe and Asia.

Evidence that modern humans and Neanderthals coexisted in the Middle East came with 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.

Neanderthal genes identified in the genome of modern humans today include those:
• involved in features relating to skin and hair — thicker skin, paler skin and thicker hair
• related to the function of the innate immune system.

So, all modern humans today — except Africans — carry in their genomes evidence of gene flow between
H. neanderthalensis and H. sapiens, particularly humans of European or Asian background. In all, about
30 per cent of the total Neanderthal genome is represented in the gene pool of non-African modern humans.

Figure 10.55 shows the two phases of interbreeding between Neanderthals and modern humans.
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FIGURE 10.55 Diagram showing gene flow events between modern humans and Neanderthals
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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.

This evidence comes from the genome sequence of the skeletal remains of a female Neanderthal found in the
Altai mountains in Siberia and dated at 100 000 years ago. Her genomic DNA shows the presence of modern
human DNA sequences, indicating gene flow from H. sapiens to H. 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 Africa’ migration that occurred about 65 000 years ago. This migration will be explored in
section 10.5.1.

If interbreeding occurred, should we still class Neanderthals and Homo sapiens as
distinct species?
Generally, we still class Neanderthals and Homo sapiens as distinct species. However, some scientists, do not
use the species name H. neanderthalensis. They instead refer to Neanderthals using the species name H. sapiens
neanderthalensis. There is some evidence that there was reduced fertility or some sterility of hybrids between
the two species.

Ideas around the Neanderthals and modern humans created challenges and the need for refinement to the term
‘species’, with debate around this continuing today.

10.4.4 Evidence of new putative Homo species
The hominin fossil record is incomplete, but palaeoarchaeologists are actively searching and making new
discoveries of hominin fossils. These new fossils can be as small as a tooth, or can be a group of skeletal
remains. With each new discovery, the fossils found need to be classified into a known species or classified
as a new species. Specifically, new putative Homo species are constantly being discovered and are leading to
contestation of our current classification scheme, leading to new interpretations.

Some relatively recent discoveries of hominins of the Homo genus are:

Denisovans members of an extinct
hominin species in the genus Homo

• Homo naledi
• Homo luzonensis
• Denisovans
• Cro-Magnon (early Homo sapiens).
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Homo naledi

FIGURE 10.56 The right hand
of Homo naledi

In 2013, a large group of fossilised hominin remains were found in the
Rising Star cave system in South Africa. It was the largest collection of
fossilised bones ever found on the African continent and it comprised of
1500 bones from at least 15 different individuals (see figure 10.57). From
this collection of bones, palaeoarchaeologists were able to classify them into
a new species of the Homo genus, Homo naledi. However, classifying the
bones into the genus Homo was not straightforward, as the bones exhibited
characteristics from both Homo and the genus Australopithecus.

The characteristics of the bones that are similar to the australopithecines are:
• the species’ small brain (based on cranial capacity
• their upper body (well-suited to climbing)
• their curved fingers.

In contrast, the characteristics similar to species in the Homo genus include:
• their feet
• their long legs (suited to walking long distances)
• their hands (well-suited to toolmaking as shown in figure 10.56).

The hand has a very similar shape to a modern human hand, but the curved fingers and the strong thumb are
more primitive.

FIGURE 10.57 The skeletal remains of different individuals from Homo naledi
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Homo luzonensis
On the island of Luzon, which is part of the Philippines archipelago, seven teeth and six small bones consisting
of finger bones, part of a foot and part of a femur were discovered in the Callao Cave. This small collection of
remains came from three separate individuals. From this evidence, palaeoarchaeologists were able to classify
the fossils as belonging to a newly discovered small hominin, which was later named Homo luzonensis. This
species lived on Luzon from at least 50 000 to 67 000 years ago — around the time many Homo genera, such as
Denisovans and H. neanderthalensis, were thought to have gone extinct.

FIGURE 10.58 A bone from Homo luzonensis from Callao Cave in
Luzon, an island in the Phillipines

FIGURE 10.59 Fossilised teeth of Homo luzonensis

How was the genus and species of this new fossil determined?

For palaeoarchaeologists to classify the fossil remains found on Luzon into the Homo genus, they needed to
examine the characteristics of the fossils and any other evidence of how the species lived. It was observed that:

• the fossilised teeth (figure 10.59) have structures in common with ancient hominin species, but other
structures that are similar to modern humans. The teeth are similar in size and shape to modern humans
but one of the premolars found has three roots, which is more similar to older hominin species.

• one of the foot bones was curved like an australopithecine rather than straight like species in the Homo
genus.

So why were the fossils classified as Homo? The answer comes from evidence collected from the activity of the
species rather than just from the bones themselves. Researchers also found deer bones in the Callao Cave that
had signs of stone-tool marks on them. This points to H. luzonensis having the cognitive ability to make stone
tools and to hunt with them. These are characteristics possessed by members of the Homo genus.

While the fossil remains from the Callao Cave are currently classified as H. luzonensis, not all researchers
agree that they belong to the Homo genus. The small number of bones found makes this difficult to determine
conclusively. If more fossils are found, they may either support or refute the classification possessed by this
species.
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Weblink New species of ancient human discovered in the Philippines

The Denisovans

FIGURE 10.60 Archaeologists working at an
excavation site in the Denisova Cave in Siberia

A tiny finger 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.

The DNA extracted from this bone yielded a partial
mitochondrial DNA sequence and, unexpectedly,
this DNA did not match that of modern humans,
Neanderthals or any other known hominin. The DNA
was identified as that of a new human group that has
been called the Denisovans.

So, another human group coexisted with modern
humans and Neanderthals. This was the first 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 female, her DNA included the gene variants (alleles) that would have
made her brown-eyed, with brown hair and dark skin.

Interbreeding between Denisovans, Neanderthals and Homo sapiens

Teeth recovered in the same cave were also identified 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 interbreeding 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. The highest percentages (3 to
5 per cent) of Denisovan DNA are found today in Melanesian populations, such as those of Papua New Guinea.
This interbreeding probably occurred when the ancestors of these present-day humans were migrating across
southern regions of Asia.

This putative species of Homo again led to the reconsideration of the classification of species, and new
assessments of the relationship between H. sapiens and both related species and common ancestors.

Modern humans, Neanderthals and Denisovans all descended from a common ancestor that lived many hundreds
of thousands of years ago. Some research suggests that this may have been H. heidelbergensis. Other research
suggests that this was an ancestor of Denisovans only, and the common ancestor is another species that has yet
to be determined. The ancestors of modern humans then diverged to form a separate branch that has lasted to the
present time and produced H. sapiens, the modern human. The 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 10.61 shows these divergences in the human evolutionary line and the interbreeding between the various
human species that has been revealed by comparative genomic studies. These studies indicate that several
gene flow (interbreeding) events occurred between Neanderthals, Denisovans and early modern humans. The
possibility also exists of gene flow into Denisovans from an unknown archaic group.
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FIGURE 10.61 Diagram showing gene flow 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.
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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. The 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.

FIGURE 10.62 The movement of different species of Homo
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SAMPLE PROBLEM 3 Analysing Homo fossils
tlvd-1812

The skulls of two members of the Homo genus, H. erectus and H. naledi, are shown.

Homo erectus Homo naledi

5 cm

a. Examine the two skulls and describe two differences between them that enable them to be classified
as either H. erectus or H. naledi. (2 marks)

b. When H. naledi was being classified, there was a debate over whether the species should be classified
into the Australopithecus or Homo genus. Using data from the provided images, explain why this
debate may have occurred. (2 marks)

THINK WRITE

a. 1. Identify what the question is asking you to do.
In a describe question, you give a detailed
account in sentence form.

2. Consider the differences between the
H. erectus and H. naledi skulls. Consider
what features of hominin skulls are
investigated for classification, such as brain
size, jaw size and brow ridge. When writing
your responses, ensure that you compare the
two skulls.

Any two of the following:
• The cranium capacity of H. erectus is much

larger than H. naledi.
• The brow ridge of H. erectus is less

prominent than H. naledi.
• The face slope of H. erectus is more vertical

than H. naledi.
(1 mark for each correct difference)

b. 1. Identify what the question is asking you
to do. In an explain question, you need
to account for the reason of why or how
something occurs using your scientific
knowledge.

2. Consider the similarities between the
H. naledi skull and an Australopithecus skull.
What do they have in common for scientists
to consider classifying them into this genus?

The small cranium capacity of H. naledi is
more similar to species in the Australopithecus
genus than to other Homo species (1 mark).
This could lead to scientists wanting to classify
this species as Australopithecus rather than
Homo (1 mark).
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CASE STUDY: Cro-Magnons — the first Homo sapiens

FIGURE 10.63 Cro-Magnon art. Cro-Magnons
were the earliest modern humans in Europe.
Note the mammoth (at left) and the auroch (at
right) painted in black outline.

Sometimes the discovery of new fossils leads to not a new
species, but rather an earlier form of a species we have
already classified.

This occurred with the finding of Cro-Magnon fossils in
a rock shelter at Les Eyzies, in southern France. It was
determined that these fossils were not a new species, but
rather the first 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.

Cro-Magnons were very skilful tool-makers and produced a range of stone items that could be used to scrape,
cut, chisel and pierce. They used their stone tools to craft other materials — such as bone and ivory — to
produce a variety of instruments, including fish 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
figure 10.63).

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 figurines and tools of bone and stone,
which were buried with them.

Both the physical and the cultural findings led to Cro-Magnons being determined as Homo sapiens. However,
evidence may come to light in the future that changes these findings.

Resourceseses
Resources

eWorkbook Worksheet 10.6 Interbreeding and new putative species (ewbk-8948)

Weblinks Ancient girl’s parents were two different species

DNA reveals first look at enigmatic human relative

KEY IDEAS

• Classification schemes are not fixed but may change when new information becomes available or when new
interpretations that provide better explanations are formulated.

• Classification of newly discovered species can be contested.
• Comparative genomic evidence has identified the existence of a new Homo species called the Denisovans.
• Comparative genomics provides evidence that interbreeding occurred between modern humans,

Neanderthals and Denisovans.
• The hominin evolutionary tree is highly branched and is subject to change as new hominin fossils are

discovered.
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10.4 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

10.4 Quick quiz 10.4 Exercise 10.4 Exam questions

10.4 Exercise

1. MC One to four per cent of DNA from many modern humans comes from Neanderthals, suggesting that
interbreeding occurred between Homo sapiens and Homo neanderthalensis. This requires us to rethink our
definition of species and challenges the previous model we have had in place. From the information in
figure 10.55, it can be inferred that
A. Neanderthal DNA would not be found in individuals of South African descent.
B. Neanderthal DNA would only be found in individuals that live in New Guinea.
C. Neanderthals must be ancestors of modern humans.
D. individuals in Australia cannot have Neanderthal DNA in their genome.

2. State two types of evidence that can be used to identify a fossil as belonging to the Homo genus.
3. In 2013, two cavers found a large group of human-like bones sealed in a chamber of the Rising Star cave

system in South Africa. There were approximately 1550 pieces of skeletal remains that scientists later
determined to come from 15 different individuals. Some characteristics of the skeletons included curved
fingers with opposable thumbs, pelvises with a flared shape and skulls with a cranium capacity of 40 per cent
of the size of modern humans. Predict whether these skeletons were classified as hominoid or hominin as
their highest level of classification.

4. Some palaeoarchaeologists consider the fossil remains of the species named Homo luzonensis to be
incorrectly classified into the Homo genus and that it should be in the Australopithecus genus. Describe
why these scientists could think this.

5. Explain why modern humans having Neanderthal DNA in their genome raises questions about whether we are
the same species or distinct from each other.

6. Explain why the classification of hominins is open to interpretation.

10.4 Exam questions

Question 1 (1 mark)
Source: VCAA 2017 Biology Exam, Section A, Q35

MC Modern African Homo sapiens do not contain Neanderthal DNA. Modern non-African H. sapiens contain
a small percentage of Neanderthal DNA because of interbreeding between Neanderthals and H. sapiens. This
interbreeding is thought to have occurred within the time period 65 000 to 47 000 years ago. A recent study has
found H. sapiens DNA in the genomes of 100 000-year-old Neanderthal remains.

From this new discovery, it would be reasonable to conclude that
A. modern Africans are the descendants of Neanderthals.
B. there was an early migration of H. sapiens out of Africa before 100 000 years ago.
C. the ancestors of modern Africans migrated from Europe to Africa between 65 000 and 47 000 years ago.
D. approximately 100 000 years ago, Neanderthals bred with H. sapiens in Africa before the Neanderthals spread

to the rest of the world.

Question 2 (1 mark)

MC Pre-1980 classification schemes separated chimpanzees and humans into two different families. The
scheme placed chimpanzees along with gorillas and orang-utans in family Pongidae, and humans alone were
placed in family Hominidae. The modern classification scheme has separated chimpanzees from the other great
apes and placed them in family Hominidae with humans.

It is reasonable to suggest that this revised classification was based on
A. molecular analysis showing the high degree of genetic relatedness between chimpanzees and humans.
B. anatomical studies showing similarities in structure between chimpanzees and humans.
C. physiological studies showing similarities in function between chimpanzees and humans.
D. studies of the brain size of early Homo fossils.
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Question 3 (3 marks)
Source: Adapted from VCAA 2013 Biology Section B, Q11b and c

Neanderthals lived in the cold climate of Europe and Asia from 200 000 to 30 000 years ago. Modern humans and
Neanderthals coexisted for around 10 000 years. Fossil evidence indicates Neanderthals shared much behaviour
with modern humans. Scientists are undertaking research to find reasons why Neanderthals became extinct, but
modern humans survived. Fossil evidence of the use of sewing needles and the division of labour between men
and women was found only for modern humans, but not for Neanderthals.
a. Suggest one advantage each of the following would have had for the survival of populations of modern

humans. 2 marks
• use of sewing needles
• division of labour between men and women

b. People today with non-African heritage carry some Neanderthal DNA.
State a hypothesis to account for these findings. 1 mark

Question 4 (3 marks)
Source: Adapted from VCAA 2017 Biology Exam, Section B, Q7

In 2013, about 1500 fossil bones of a hominin species were found in a cave in South Africa. From these bones,
scientists have managed to construct an almost complete skeleton. The fossil bones have some features in
common with those of the genus Australopithecus; however, they have enough similarities to the genus Homo
that scientists have classified the fossil skeleton as belonging to a new species, Homo naledi.
a. What are two features that the fossil skeleton would need to have in order to be classified in the genus Homo

and not in the genus Australopithecus? 2 marks

Finding out the age of these H. naledi fossils has been both difficult and controversial. A group of scientists
claims that the age of the fossils is more than 2 million years and suggests that H. naledi might be a ‘link’
between Australopithecus and Homo. A second group of scientists has calculated the age of the H. naledi
fossils to be only about 900 000 years and claims that H. naledi cannot be the ‘link’ between Australopithecus
and Homo. The diagram indicates the time periods for different Australopithecus and Homo species.

Australopithecus anamensis

Australopithecus africanus

Australopithecus afarensis

Australopithecus garhi

Homo habilis

Homo rudolfensis

Homo ergaster

Homo erectus

Homo neanderthalensis

Homo sapiens

Homo denisova

Homo floresiensis

8 7 6 5 4

million years ago

3 2 1 0
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b. If the second group of scientists has correctly dated the H. naledi fossils, what evidence from the diagram
supports this group’s claim that H. naledi cannot be the ‘link’ between Australopithecus and Homo? 1 mark

Question 5 (9 marks)
Source: Adapted from VCAA 2008 Biology Exam 2, Section B, Q8

Two paleoanthropologists each used fossil data to draw a model of the human evolutionary tree. The two models
they produced are shown.

MODEL 1

MODEL 2

Australopithecus
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Australopithecus

africanus

Homo

habilis
Homo
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Homo

neanderthalensis

Homo

heidelbergensis

Homo
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Homo

sapiens

Australopithecus
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Australopithecus
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Homo

neanderthalensis
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sapiens

3 million

years ago

2 million

years ago

1 million

years ago
present

a. Explain how it is possible that the paleoanthropologists produced different models for the human evolutionary
tree. 1 mark

b. i. State one feature of agreement between the models. 1 mark
ii. State one feature of conflict between the models. 1 mark

c. Give two structural features that would distinguish between the fossils of Homo erectus and Australopithecus
afarensis. 2 marks

Evidence suggests that Homo sapiens and Homo neanderthalensis were living in the same areas some 30 000
years ago, but did not interbreed.
d. Give one reason why interbreeding might not have occurred. 1 mark

Scientists have recently discovered a tiny fossil skull in Indonesia. It has been named Homo floresiensis (the
hobbit) and dated to the time our own ancestors were colonising the world. Some scientists believe Homo
floresiensis evolved from Homo erectus. Fossils of Homo erectus have also been discovered in Indonesia.
e. Modify one of the models shown to include Homo floresiensis. 1 mark

There is still some debate about what the hobbit is. Two explanations have been proposed.

Explanation 1 — The hobbit belongs to a species of small-brained dwarf humans.

Explanation 2 — The hobbit is a Stone Age Homo sapiens with a disease that stunts brain development.
f. i. Suggest one piece of evidence that would support explanation 1. 1 mark

ii. Suggest one piece of evidence that would support explanation 2. 1 mark

More exam questions are available in your learnON title.
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10.5 Evidence of the migration of modern
human populations

KEY KNOWLEDGE

• Ways of using fossil and DNA evidence (mtDNA and whole genomes) to explain the migration of modern
human populations around the world, including the migration of Aboriginal and Torres Strait Islander
populations and their connection to Country and Place

Source: VCE Biology Study Design (2022–2026) extracts © VCAA; reproduced by permission.

10.5.1 Migration of modern humans
The migration of modern human populations is one that is continuously debated. One theory around this, ’Out of
Africa’, is outlined in figure 10.64.

FIGURE 10.64 The basic idea behind the ‘Out of Africa’ hypothesis. Homo sapiens evolved in Africa before
spreading out across other continents. Each coloured section represents a different species. It can be seen that
while H. erectus where the first to leave Africa (leading to lines that went extinct), the evolution of H. sapiens
occurred within Africa before diverging out. Note that this is a simplification of the existence of these species, as
there was some crossover in the extinction of one species and appearance of another species.
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768 Jacaranda Nature of Biology 2 VCE Units 3 & 4 Sixth Edition

PAGE PROOFS



“c10HumanChangeOverTime_PrintPDF” — 2021/5/13 — 14:39 — page 769 — #59

How and when modern humans migrated to different regions of the world has been debated and updated when
new evidence is discovered, with multiple hypotheses being both supported and refuted by different scientists.

Some of the hypotheses that have been presented include the ‘Out of Africa’ hypothesis and the multiregional
origin hypothesis.

The ‘Out of Africa’ hypothesis, shown in figure 10.64, suggests that H. sapiens first evolved in Africa. For
hundreds of thousands of years, H. sapiens lived in Africa within a relatively small geographic area. From here,
modern humans have explored and migrated to all parts of the Earth.

However, with the discovery of new fossils and molecular dating techniques, the story of modern human
migration is being rewritten.

Updating ‘Out of Africa’
The traditional ‘Out of Africa’ hypothesis (outlined in figure 10.64) suggests that all Homo sapiens evolved in
Africa and then began to migrate out through North Africa about 60 000 years ago.

However, fossils of H. sapiens found in Israeli caves dating back to approximately 180 000 years old have made
scientists rethink modern human migration. This latest hypothesis is referred to as ‘Recent African origin’ or
‘Out of Africa II’. This theory proposes that the migration of modern humans occurred in two waves (see figure
10.65). These two waves of migration were:

1. small-scale migration, starting 120 000 years ago, to the Levant region, which makes up the current-day
countries of Israel, Jordan, Lebanon, Syria and Iraq

2. large-scale migration, starting 60 000 years ago, to Europe and Asia, and then to all other regions.

FIGURE 10.65 The two waves of dispersal of Homo sapiens from Africa (ka refers to 1000 years)
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Fossil evidence of migrations through ‘Out of Africa II’

The earlier migration of modern humans resulted in irregular occupation of the Levant region (Israel, Jordan,
Lebanon, Syria and Iraq). The populations did not live in the region continuously, but their presence during this
time did leave evidence.
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The oldest fossils so far attributed to H. sapiens outside of Africa were found in Israel in the:
• Misliya cave, where an upper jawbone was discovered that was dated to approximately 180 000 years old
• Qafzeh cave, where the remains of five individuals were discovered and dated to approximately

120 000 years old
• Skhul cave, where the remains of seven adults and three children were discovered and dated to

approximately 90 000 years old.

These fossils provide evidence that modern humans left Africa much earlier than 60 000 years ago.

FIGURE 10.66 The jawbone discovered in the Misliya cave and the skull found in the Qafzeh cave in Israel
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Other evidence of this first wave of migration comes from genetic studies that suggest that:
• modern humans may have started leaving Africa as early as 220 000 years ago
• the modern humans that Aboriginal and Torres Strait Islander peoples descend from arrived in Australia

65 000 years ago.

Research supporting ‘Out of Africa II’ also found that the second and large-scale migration of H. sapiens out
of Africa began approximately 60 000 years ago (see figure 10.65). While scientists cannot be sure why this
dispersal began, it is thought that environmental changes during this period were the driving factor for the
movement.

The movement of modern humans has been tracked through fossils and DNA evidence. The evidence suggests
modern humans started by moving through North Africa into Europe and Asia. Populations subsequently moved
into the Indian subcontinent and then into Oceania, followed by Australia. The movement of modern humans to
the American continent occurred later during the Pleistocene ice age. During this event, there was a land bridge
connecting Asia to the American continent through Alaska. Groups of modern humans were able to travel across
the bridge and then rapidly move south, populating the whole continent. The last places on Earth that modern
humans populated were Micronesia and New Zealand, which occurred around 2500 years ago.
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EXTENSION: What is the multiregional hypothesis?

FIGURE 10.67 The multiregional hypothesis
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The multiregional hypothesis suggests that
H. sapiens evolved in various regions after they
started moving out of Africa. This hypothesis
states that H. erectus moved out of Africa and then
evolved in the differing locations. However, during
this time, there was still gene flow between these
different populations.

This differs from the ‘Out of Africa’ hypothesis,
which states that the evolution of Homo sapiens
occurred in Africa, rather than in multiple regions
worldwide.

The formation of the multiregional hypothesis shows
the complexity of the fossil record and genomic
data, highlighting how it is open to interpretation.

10.5.2 Evidence of migration
So how have scientists traced the migration of modern humans out of Africa?

It begins with the search and discovery of modern human fossils. This is not particularly easy, as it is rare for an
individual to become fossilised and there are burial rituals that prevent this process from occurring incidentally.
With this being the case, the fossils that are discovered are examined carefully and, if possible, DNA evidence is
collected to analyse. This is usually focused on mitochondrial DNA (mtDNA).

Fossil evidence
The major finds of modern humans can be seen in figure 10.68. These fossils are some of the oldest ever to be
found and provide evidence as to when modern humans were living in different regions of the world. Some of
the important fossil discoveries are outlined in table 10.10.

TABLE 10.10 Notable early modern human fossils

Location of discovery Fossil evidence Age of fossil/s

Israel: Misliya cave Upper jawbone 180 000 years ago

Israel: Qafzeh and Skhul caves Skeletal remains of a number of
individuals

90 000–120 000 years ago

India: Netankheri Humerus and femur fragments 75 000 years ago

Afghanistan: Darra-i-Kur cave Temporal bone from a skull 30 000 years ago

Sri Lanka: Fa Hien and Batadomba caves Cranio-dental remains 25 000–33 000 years ago

Laos: Tam Pa Ling cave Frontal bone from a skull 46 000 years ago

China: Luijiang Skull and partial skeleton Under 100 000 years ago

China: Luna cave Teeth 70 000 years ago

Borneo: Niah cave Partial skull 39 000–45 000 years ago

Australia: Lake Mungo Skeleton 45 000 years ago
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FIGURE 10.68 Fossil remains of modern humans found throughout the world
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DNA evidence
To establish when modern humans migrated to different regions of the world, molecular genetic studies can be
used to determine when lineages separated.

Traditionally, these studies have focused on:
• mitochondrial DNA (mtDNA)
• the non-recombining section of the Y-chromosome.

These genetic studies only focus on either the maternal or paternal lineage of the individual.

Recently, however, there has been an increase in investigating the full genome sequence of fossilised remains
to determine the timing of migrations and the separation of populations from each other. This has challenged
some of the dates for modern human populations and it has given a broader understanding, due to the ability to
investigate more genes that are inherited from both parents.

A comparison of the evidence collected from mtDNA and the whole genome is outlined in table 10.11.
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TABLE 10.11 Comparison of mtDNA and DNA of the whole genome

mtDNA • Comes from the maternal lineage only in most cases (refer to Case study box
later in this section), so no recombination occurs

• Can be used to reconstruct the mutations and their subsequent effect in genes
• Has a higher mutation rate because it does not have repair mechanisms
• Contains a smaller amount of genetic material, with 37 genes and 16 569

nucleotide pairs
• Does not provide evidence of interbreeding
• Does not show the whole population’s genetic history
• Takes longer to degrade compared to nuclear DNA

Whole genome DNA • Uses nuclear DNA, which provides evidence for both the maternal and paternal
lineages due to recombination

• Allows for larger amounts of DNA to be sequenced, with over 20 000 genes and
3.2 billion nucleotide pairs

• Has a lower mutation rate because it has repair mechanisms
• Provides evidence of interbreeding with another species

Why use mtDNA?

Mitochondrial DNA (mtDNA) is present in all individuals, but is maternally inherited (mothers pass on mtDNA
to their children).

FIGURE 10.69 The structure and genes of mtDNA. The D-loop is mainly used for evolutionary studies.
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mtDNA contains a non-coding region known as the D-loop (see figure 10.69). Within the D-loop are two
regions of DNA that undergo mutational change at a much higher rate than the rest of the molecule. These two
regions within the non-coding region are denoted as HVR1 and HVR2 (HVR = hypervariable region). Over
the 200 000 years or so of the existence of modern humans (H. sapiens), many mutations have occurred in these
HVR regions. As a result, mtDNA sequences differ between populations and between individuals.

haplotype a region of DNA in
the D-loop of mtDNA that varies
between individuals

haplogroup a group of people
with similar haplotypes who
share a common ancestor

The particular mtDNA sequence of the D-loop of each person is called that
person’s haplotype. The various haplotypes worldwide fall into a number of large
clusters known as haplogroups. Haplogroups are denoted by capital letters; for
example, haplogroup H, haplogroup T and haplogroup U. Figure 10.70 shows the
major human haplogroups. These can be used to track modern human migration
across the world due to the lack of genetic recombination and high level of
mutation in the D-loop.
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FIGURE 10.70 The tracing of modern human migration using mtDNA haplogroups
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The migration of individuals with certain haplogroups can be seen in figure 10.70. Each haplogroup represents
significant differences in matrilineal mitochondrial DNA and allows for the migration of human populations to
be tracked out of Africa. In Australia, haplogroups M, O, P and S are commonly found.

The examination of these haplotypes has also allowed an understanding to be gained about the matrilineal most
recent common ancestor (MRCA) of H. sapiens in which other haplogroups have evolved. This ancestor is
hypothetically referred to as Mitochondrial Eve (or mt-MRCA).

EXTENSION: mtDNA heteroplasmy

It has long been thought that mtDNA is inherited exclusively from the mitochondria in the maternal eggs and that
no mitochondria from the paternal sperm cells is passed on to offspring. For the majority of people this is the
case, with your mtDNA being the same as your mother’s, her mother’s and her mother’s. However, a recent study
has discovered that some individuals have mtDNA heteroplasmy. This is when an individual has mtDNA from
both their mother and their father. This recent discovery has further complicated our understanding of human
evolution.

mtDNA heteroplasmy has been found in families with diseases caused by mtDNA mutations. A study of a
four-year-old boy who was displaying symptoms of a mitochondrial disorder found that he had mtDNA from both
of his parents. Due to this being a highly unusual result, the scientists also tested the mtDNA of his close family
members. They were shocked to discover that four of his relatives across multiple generations also had inherited
their mtDNA from both parents (see figure 10.71).
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At this early stage of mtDNA heteroplasmy research it is hard to determine how many families display this mode
of mtDNA inheritance and why it occurs. It does however pose questions about how mtDNA is used to trace
modern human migration.

FIGURE 10.71 Pedigree of a family showing mtDNA heteroplasmy
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10.5.3 Migration of Aboriginal and Torres Strait Islander populations
As the original peoples of Australia, Aboriginal and Torres Strait Islander populations have lived on the
continent for a significantly longer period than the first European colonisers who arrived at the end of the
eighteenth century. They are the oldest living cultures in the world today, with a rich connection to Country and
Place. How long these peoples have lived in Australia and how they migrated here has been tracked using the
fossil and DNA evidence outlined in section 10.5.2.

The general consensus up until recently was that Aboriginal and Torres Strait Islander peoples have been living
in Australia for around 45 000 years. However, new studies into the mtDNA of Aboriginal and Torres Strait
Islander peoples has pushed this date back further to 50 000 years, with others speculating as far back as 60 000
years. It is proposed that their ancestors moved out of north-east Africa through the Middle East and Asia,
and then travelled south to the landmass of Sahul (see figure 10.72). Sahul is the name of the landmass that
previously existed where Australia and Papua New Guinea were joined with a land bridge. From here, different
ancestors travelled both east and west, with evidence being provided from archaeological sites and through the
investigation of DNA of Aboriginal and Torres Strait Islander peoples.
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Haplotypes in Aboriginal and Torres Strait Islander peoples
Recently, scientists have researched the mtDNA haplogroups of Aboriginal and Torres Strait Islander p eoples
and found that there are haplogroups that are unique to these peoples. These groups are in the macrohaplogroups
M, N and R and include N13, O, M42a, M14, M15, S and a number of P subtypes (see figures 10.72 and 10.73).
The large variation in these haplogroups reflects the large time frame since Aboriginal and Torres Strait Islander
peoples diverged from other groups. This provides further evidence of the time that these peoples have lived in
Australia.

FIGURE 10.72 Model of the migration of the First Peoples combining genetic and archaeological data, showing
approximate, and stylised, coastal movements of haplogroups O and R (west), and P, S, and M (east)
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FIGURE 10.73 Phylogeny and geographical distributions of Aboriginal Australian mtDNA lineages and those of
the surrounding regions of past and present studies. The length of branches is indicative of time since divergence.
Coloured squares on the map indicate the presence of specific haplogroups depicted in the phylogeny. Note that
the L3 haplogroup was found in Africa, associated with the ‘Out of Africa’ hypothesis.
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Connection to Country and Place
As outlined earlier, Aboriginal and Torres Strait Islander peoples are part of the longest living culture in the
world. Due to length of time they have lived in Australia, they have created strong and rich connections to their
Country and Place. Whilst we use the collective term of Aboriginal and Torres Strait Islander, it is important to
remember that there are hundreds of different tribes (these also can be called clans or mobs) that have unique
languages and connections to their land across various regions in mainland Australia, Tasmania and the Torres
Strait. Some of the different language groups of the Aboriginal Australian peoples in Victoria can be seen in
figure 10.74. The Torres Strait Islander peoples are a culturally distinct group to the Aboriginal Australian
peoples. Kala Lagaw Ya, Merian Mir and Yumplatok are the three main languages spoken.

FIGURE 10.74 Different Aboriginal Australian language groups in Victoria. Note that this map is a
simplification, and shows the general locations of language groups, and does not reflect the dynamic
and overlapping nature of these groups. Note that some of these groups have alternate names.
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FIGURE 10.75 Aboriginal Australian rock art at the Bunjil
Shelter

As the First Peoples of Australia, Aboriginal
and Torres Strait Islander peoples have an
indelible connection to the Country, which
encompasses the land, sea, flora, fauna and
its spirit. They have a long history of ‘caring
for Country’ and this is exemplified by the
traditional land management practices. These
practices benefit the Australian ecosystems
with fire management, conservation of
biodiversity, and management of flora and
fauna. All of these practices combined have
allowed Aboriginal and Torres Strait Islander
peoples to live sustainably in Australia for tens
of thousands of years.
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Some sites in Australia have more significant importance to the Aboriginal and Torres Strait Islander peoples
and these are referred to as sacred sites. One significant sacred site in Victoria is Gariwerd, otherwise known as
the Grampians National Park. This site has a high spiritual and cultural significance to the Djab Wurrang and
Jardwadjali peoples. Gariwerd has the largest collection of Indigenous rock art in Victoria, which ranges in age
from 1000 to 22 000 years old. This site provided food, water and shelter for the Djab Wurrang and Jardwadjali
peoples. The rock art illustrates the peoples connection to the land and their important rituals (see figure 10.75).

SAMPLE PROBLEM 4 Exploring the migration of Aboriginal and Torres Strait
Islander peoplestlvd-1813

Aboriginal and Torres Strait Islander peoples have been living in Australia for over 50 000 years. The
map depicts the movement of modern humans from East Africa to the rest of the world.
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a. Outline the migration path that the ancestors of Aboriginal and Torres Strait Islander
p eoples took to arrive in Australia. (1 mark)

b. Describe two different types of evidence scientists have used to identify the migration path
and the timing of arrival of the Aboriginal and Torres Strait Islander peoples into
Australia. (2 marks)

THINK WRITE

a. 1. In an outline question, you give a step-by-step
account of what is occurring.

2. Consider the start of the migration; the stem
of the question states this is in East Africa.
Trace the pathway from there to Australia.
Name the major regions that were travelled.

East Africa → Middle East → Asia →
Southeast Asia → Australia (1 mark)

b. 1. In a describe question, you give a detailed
account in sentence form.

2. The question is asking for two different types
of evidence; these are fossils and DNA.
These two types of evidence then need to be
described with one sentence each.

Fossil evidence can be dated to discover how
long a population was present (1 mark).

DNA evidence can be used to compare the
similarities and differences to other
populations (1 mark).

TOPIC 10 Human change over time 779

PAGE PROOFS



“c10HumanChangeOverTime_PrintPDF” — 2021/5/13 — 14:39 — page 780 — #70

Resourceseses
Resources

eWorkbook Worksheet 10.7 The migration of modern human populations (ewbk-8950)

Weblinks Aboriginal Australian mitochondrial genome variation

Australian Institute of Aboriginal and Torres Strait Islander Studies

KEY IDEAS
• The migration of modern humans out of Africa can be traced with fossil evidence.
• The migration of modern humans out of Africa can be traced with DNA evidence from mtDNA and whole

genome sequencing.
• The migration path of modern humans is updated when new evidence is discovered.
• The Aboriginal and Torres Strait Islander peoples have lived in Australia for a significantly longer time than the

first European colonisers.
• The length of time that Aboriginal and Torres Strait Islander peoples have lived in Australia has created a very

strong connection to Country and Place.

10.5 Activities
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

10.5 Quick quiz 10.5 Exercise 10.5 Exam questions

10.5 Exercise

1. Research and identify which Aboriginal and Torres Strait Islander tribe’s land your school is on.
2. Describe the significance of the upper jawbone found in the Misliya cave in Israel.
3. Compare the evidence that mtDNA and whole genome DNA can give on the migration of modern humans.
4. Explain why the ‘Out of Africa’ model for human migration has been updated.
5. Explain how recent studies of mtDNA of Aboriginal and Torres Strait Islander p eoples gives evidence for the

length of time they have lived in Australia.

10.5 Exam questions

Question 1 (1 mark)
Source: Adapted from VCAA 2009 Biology Exam 2, Section A, Q22

MC Scientific opinion was once evenly divided regarding the geographical origin of the modern human. Two
hypotheses were put forward – the ‘Out of Africa’ hypothesis and the multiregional hypothesis. In general,
researchers now accept that the Out of Africa hypothesis is better supported by current information.

Findings from worldwide human fossil sites which would best support the Out-of-Africa hypothesis include
A. dating of fossils by radioactive uranium.
B. the degree of decomposition of remains.
C. the present-day climate of the region.
D. variations in mitochondrial DNA.
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Question 2 (1 mark)
Source: VCAA 2010 Biology Exam 2, Section A, Q14

MC The ‘Out of Africa’ hypothesis
A. is also called the multiregional hypothesis.
B. proposes that mitochondrial DNA sequences are the same worldwide.
C. proposes that Homo sapiens first appeared in Africa and other continents at the same time.
D. proposes that Homo erectus evolved into Homo sapiens in Africa before migrating to other continents.

Question 3 (1 mark)

MC The ‘Out of Africa’ hypothesis state that modern humans evolved in Africa before migrating to other parts of
the world. A piece of evidence that would better support the ‘Out of Africa’ hypothesis is
A. fossils of Homo erectus have been found in Northern Europe.
B. the proposal that genomes are the same worldwide.
C. proof that Neanderthals, Denisovans and Homo sapiens interbred.
D. more similarity in the DNA of Aboriginal Australian peoples when compared to Africans than when compared

to Northern Europeans.

Question 4 (7 marks)
Source: VCAA 2011 Biology Exam 2, Section B, Q7a–c

The Mitochondrial Eve Hypothesis suggests that the mitochondrial DNA of all living people can be traced back to
a few women in Africa.
a. i. Why is mitochondrial DNA useful for tracking human evolutionary history? 1 mark

ii. Name another type of DNA that can be used to trace human ancestry. 1 mark

It has been observed that
• samples of mitochondrial DNA taken from living humans are very similar to each other
• the greatest variation of mitochondrial DNA is observed within African populations.

b. Based on these observations, what are two inferences that can be made about human evolution? 2 marks
c. i. Explain why DNA analysis cannot be used to trace very early hominin (previously called hominid)

ancestry. 1 mark
ii. Outline two types of evidence, other than DNA analysis, that can be used to determine the

relatedness and age of early hominins. 2 marks

Question 5 (9 marks)

Over time, there have been many fossil finds across the world, allowing us to better understand the migration of
modern human populations around the world.

To establish when modern humans migrated to different regions of the world, molecular genetic studies can be
used to determine when lineages separated. As part of these molecular genetic studies, both mitochondrial DNA
(mtDNA) and whole genome analysis has been used.
a. Outline benefits of using mtDNA and benefits of using whole genomes for understanding migration

patterns in modern human populations. 2 marks
b. The particular mtDNA sequence within the D-loop of the mitochondria is referred to as a haplotype.

These haplotypes are used to form haplogroups. Define the term haplogroup and outline why they are
important. 2 marks

c. Explain how haplogroups have been used to understand the migration of Aboriginal and Torres Strait
Islander peoples. 2 marks

d. The amount of Denisovan DNA in the genome of Aboriginal and Torres Strait Islander peoples is
much greater when compared to those with European heritage. Outline the reason that this may be the
case. 1 mark

e. Recent research has found that the genetic diversity between Aboriginal Australian populations in the
east of Australia and the west of Australia is much greater than expected. This genetic diversity is greater
compared to populations in the Americas and Siberia. What does this suggest about the migration of
Aboriginal Australian populations compared to populations in America and Siberia? 2 marks

More exam questions are available in your learnON title.
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10.6 Review
10.6.1 Topic summary
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Resourceseses
Resources

eWorkbook Worksheet 10.8 Reflection — Topic 10 (ewbk-4550)

Practical investigation eLogbook Practical investigation eLogbook — Topic 10 (elog-0197)

Digital documents Key terms glossary — Topic 10 (doc-34624)
Key ideas summary — Topic 10 (doc-34615)

Exam question booklet Exam question booklet — Topic 10 (eqb-0021)

10.6 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au. A downloadable solutions file is also available in the resources tab.

10.6 Exercise 1: Review questions
1. Examine the figure showing the upper and lower jaws of an unnamed animal.

m

p
c

i

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 from this figure.

b. Identify the reason for your decision.

2. Examine the three fossil hominin skulls in the figure.

1 2 3

Place the skulls in order from most ancient to most recent and justify your choice.

3. A skull is found at a dig site. 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 chimpanzee skull from
that of a hominin.
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4. Discoveries of new putative Homo species can occur and this can rewrite the hominin classification schemes.
a. What is the latest new putative Homo species discovery to be reported?
b. Why was this species classified into the Homo genus?

5. Look at the provided figure, which shows layers of sediments and some fossil skulls.

a. Which fossil is older: M or P? Explain your choice.
b. If fossil R were identified as A. afarensis, could fossil Q be H. habilis? Explain.
c. Could fossils J and K be H. sapiens and P. robustus respectively? Explain.

6. Complete the table comparing the structural differences between hominoid species that walk with a
quadrupedal versus bipedal locomotion.

Characteristic Bipedal hominoid Quadrupedal hominoid

Pelvis

Angle of femur

Size of heel bone

7. Explain the advantages of using whole genome DNA testing when identifying the age of extinct hominin
remains.

8. Describe how evidence from mtDNA haplogroups reveals the length of time Aboriginal and Torres Strait
Islander peoples have lived in Australia.

9. Examine the feet of two different hominoids shown.
a. Identify two other features of a skeleton that would enable it to be

classified as a hominoid.
b. Examine the feet to identify key features to match them to the hominoid

species listed in the table. Justify your response.

Hominoid species Foot Justification

Human (Homo sapiens)

Chimpanzee (Pan sp.)

Foot A Foot B
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10.6 Exercise 2: Exam questions

Resourceseses
Resources

Teacher-led videos Teacher-led videos for every exam question

Section A — Multiple choice questions

All correct answers are worth 1 mark each; an incorrect answer is worth 0.

Use the following information to answer Questions 1 and 2

A hominin species, Homo floresiensis, was identified from fossils found on an isolated Indonesian island. These
fossils were dated to be 18 000 years old.

The adult skull of this upright bipedal hominin had a cranial volume less than one-third of the average cranial
volume of a modern adult human. It had harder, thicker eyebrow ridges than Homo sapiens, a sharply sloping
forehead and no chin.

H. floresiensis was just over one metre tall and their arm-to-leg ratio was slightly larger than modern humans. They
weighed approximately 16 kg.

The fossils were found in sediment that also contained stone tools and fireplaces for cooking. The fireplaces
contained the burnt bones of animals, each animal weighing more than 350 kg. The stone tools included blades,
spearheads, and cutting and chopping tools.

Question 1

Source: VCAA 2014 Biology Exam, Section A, Q39

The above evidence and current theories of hominin evolution indicate that

A. the very small stature of H. floresiensis is unexpected in a species that is geographically isolated on a small
island.

B. H. floresiensis was a species that showed considerable social cooperation and methods for passing on
knowledge.

C. the sloping forehead and absence of chin of members of the H. floresiensis species suggest they were
members of the first migration of hominins into Australia over 50 000 years ago.

D. the skull shape and size of H. floresiensis suggest a close relationship to the Homo neanderthalensis species.

Question 2

Source: VCAA 2014 Biology Exam, Section A, Q40

The fossils of H. floresiensis showed that they had opposable thumbs.

The development of an opposable thumb in primate evolution

A. is used to distinguish members of the genus Homo from the other great apes.

B. was a necessary step in the development of bipedalism in hominins.

C. was an important anatomical development that assisted tool-making in hominins.

D. is a significant factor in determining the arm-to-leg ratio of modern humans.

Question 3

Which of the following is not a feature of all primates?

Prehensile tailA. Long gestation periodB.
Stereoscopic 3-dimensional visionC. Opposable thumbsD.
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Question 4

Source: VCAA 2015 Biology Exam, Section A, Q38

Fossil remains of a number of individuals from the genus Australopithecus were found at various sites in the
eastern half of Africa and have been dated to between 3–4 million years old.

These fossil remains

A. are descendants of Homo erectus.

B. represent the oldest evidence found of primates.

C. show early evidence that hominins were bipedal.

D. represent the earliest examples of the hominoid super-family.

Question 5

Source: Adapted from VCAA 2011 Biology Exam 2, Section A, Q25

Consider the following hominin species.

M Homo erectus

N Homo neanderthalensis

O Australopithecus africanus

P Australopithecus afarensis

The order of oldest to youngest hominin species is

M N O P.A. P O M N.B.
N O P M.C. O M P N.D.

Question 6

Source: VCAA 2017 Biology Exam, Section A, Q36

In recent years, scientists have discovered that Neanderthals took care of their elderly relatives, used burial rituals
for their dead and gave symbolic meaning to natural objects. Studies have also shown that Neanderthals used
complex methods to obtain sharp stone implements and produce glues to attach sharp stones to spears.

These discoveries suggest that Neanderthals

had bigger brains than previously thought.A. had a highly developed culture.B.
lived a solitary lifestyle.C. used a written language.D.

Question 7

Source: VCAA 2007 Biology Exam 2, Section A, Q24

Complex social activities require articulate speech. Evidence found with early Homo fossils suggests that this
genus was the first to use articulate speech.

This suggestion would be best supported by evidence of

burial ceremonies.A. use of stone tools.B.
living in groups.C. organised hunting of prey.D.

Question 8

Fossil evidence reveals certain information about hominin evolution, such as the fact that

A. ape-like, erect-walking species appeared earlier than larger-brained human species.

B. just one hominin species existed at any one time.

C. hominin evolution followed a straight-line pathway.

D. hominin evolution originated at many points worldwide.
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Question 9

A fossilised hominoid skeleton has legs angled inwards, curved fingers and a small brain size.

The skeleton would most likely be classified as

Australopithecus afarensis.A. Homo habilis.B.
Homo erectus.C. Homo sapiens.D.

Question 10

Current scientific theory states that Denisovans

A. are not members of the genus Homo.

B. lived around the same time as Homo neanderthalensis.

C. were isolated and did not breed with other groups.

D. are more closely related to Homo sapiens than to Homo neanderthalensis.

Section B — Short answer questions

Question 11 (3 marks)

Source: VCAA 2009 Biology Exam 2, Section B, Q6a, b

The press recently reported:

‘Anthropologists have uncovered ancient fossil footprints in Kenya dating back 1.5 million years, the oldest
evidence that indicates our ancestors walked like present-day humans ...’

a. Give one significant feature of the footprints that would have led anthropologists to this conclusion. 1 mark

The pictures below show views of skulls from Homo erectus and Homo sapiens.

skull set 1

skull set 2

With reference to two structural features of the skull, which skull set represents Homo erectus? Justify your
choice. 2 marks
b.
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Question 12 (7 marks)

Source: Adapted from VCAA 2020 Biology Exam, Section B, Q9

In 1931 a team of Dutch archaeologists unearthed 12 skull and two leg bones at a site in Ngandong, Indonesia.

a. Describe two key structural features of these fossils that would suggest that the skull were from Homo erectus
rather than from Homo sapiens. 2 marks

Figure 1 and Figure 2 below show Homo evolutionary trees that were created in 1997 and 2013 respectively.

Homo
habilis

Homo
rudolfensis

Homo
ergaster

Homo
sapiens

1997 Homo evolutionary tree

FIGURE 1

FIGURE 2

Homo
habilis

Homo
rudolfensis

Homo
georgicus

Homo
erectus

Homo
ergaster

Homo
cepranensis

Homo
antecessor

Homo
heidelbergensis

Homo
floresiensis

Homo
neanderthalensis

Homo
sapiens

2013 Homo evolutionary tree

Sources (from left): adapted from DS Strait, FE Grine and MA Moniz, ‘A reappraisal of early hominid phylogeny’, Journal of
Human Evolution, volume 32, issue 1, January 1997, pp. 17–82; C Schultz, ‘Homo Sapiens’ family tree may be less complicated
than we thought’, Smithsonian Magazine, 18 October 2013, <www.smithsonianmag.com>

b. State one difference between Figure 1 and Figure 2 with respect to the evolutionary relationships between
Homo ergaster and Homo sapiens. 1 mark

Homo denisovans is one species that is missing from both evolutionary trees shown.

c. Draw a branch on Figure 2, the 2013 Homo evolutionary tree, that represents where you think
Homo denisovans should be placed. Justify why you have put the branch in that position. 2 marks

d. Scientists do not always agree on the position of each Homo species on evolutionary trees.

Explain why this is the case. 2 marks
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Question 13 (3 marks)

In 2002, an upper jawbone of an ancient Homo sapiens was discovered in the Misliya cave in Israel. The discovery
of the human bone in this area was not surprising as many ancient bones had been found around there. What was
surprising to scientists was the age of the fossil, which was approximately 180 000 years old. This was the oldest
human fossil ever found outside of Africa and predates the earlier estimates of humans leaving Africa by
40 000 years. This left scientists with the need to rethink the theories on how modern humans migrated out of
Africa and if there was more than one migration wave leaving Africa.

a. The upper jawbone was dated to approximately 180 000 years old using a radiometric dating technique with
uranium isotopes.
Explain how scientists would have calculated the age of this upper jawbone. 2 marks

b. Since the ancient upper jawbone was found in the Misliya cave, the theory of when modern humans left Africa
has been revised.
Compare the hypotheses of the ‘Out of Africa’ and ‘Out of Africa II’ theories in relation to modern human
migration. 2 marks

Question 14 (5 marks)

Source: VCAA 2012 Biology Exam 2, Section B, Q8a–c

In 2008, two incomplete, fossilised skeletons were found in cave deposits in South Africa. The scientists
compared the newly discovered bones with those of members of the genus Australopithecus, early Homo,
modern humans and apes. The fossilised skeletons, named Australopithecus sediba, displayed an unusual mix of
characteristics. They partly resembled primitive, ape-like animals.

Like the apes, A. sediba was of small stature. Scientists determined that A. sediba, like apes, was suited to
climbing in trees.

a. What feature of the A. sediba skeleton allowed scientists to reach this conclusion? 1 mark

A. sediba was found to have many characteristics in common both with the members of the genus
Australopithecus and with the genus Homo. Two characteristics shared with the genus Homo included a
projecting nose and hands with a precision grip.

b. Explain how each of these characteristics may have given A. sediba an advantage over other Australopithecus
species. 2 marks

Below is a drawing of the skull of a modern-day human.

c. Using the drawing, suggest one feature of modern-day humans that makes humans more advanced than other
Homo species. Explain the significance of this feature to the evolution of modern humans. 2 marks

TOPIC 10 Human change over time 789

PAGE PROOFS



“c10HumanChangeOverTime_PrintPDF” — 2021/5/13 — 14:39 — page 790 — #80

Question 15 (8 marks)

Source: Adapted from VCAA 2015 Biology Exam, Section B, Q11

Fossil evidence indicates that between 30 000–80 000 years ago, populations of the two hominin species –
modern humans (Homo sapiens) and the extinct Neanderthals (Homo neanderthalensis) – lived close to one
another in parts of the Middle East, Europe and Asia.

Researchers have constructed a theory about the relationships between ancient populations. This is represented
in the following diagram.

Neanderthals

H. neanderthalensis

European, East Asian

and Australian Aboriginal

H. sapiens

African

H. sapiens

time

80000 years ago

20000 years ago

present day

common ancestor

Recent DNA evidence has shown that:
• the genome of living humans of African descent does not contain Neanderthal DNA
• the genomes of living humans of European, East Asian and Australian Aboriginal descent all contain small

amounts of Neanderthal DNA (1–4%).

a. i. Suggest how DNA from H. neanderthalensis entered the genome of present-day European, East Asian and
Australian Aboriginal H. sapiens, and continues to be found in modern populations. 2 marks

ii. What implication does this DNA evidence have for the classification of the two hominin species, H. sapiens
and H. neanderthalensis, according to the common definition of a species? 1 mark

b. There are several theories about the geographical origins of H. sapiens.
Scientists consider that the absence of Neanderthal DNA in present-day African H. sapiens lends support to
one theory about the geographical origins of H. sapiens.

Name this theory and explain how the recent DNA evidence supports it. 3 marks
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Consider the map provided below.

Europe

Africa

Australia

East
Asia

Middle

East

What does the DNA evidence suggest about the route and timing of the migration of the first Australian
Aboriginals to arrive in Australia? 2 marks
c

10.6 Exercise 3: Biochallenge

Resourceseses
Resources

eWorkbook Biochallenge — Topic 10 (ewbk-8091)

Solutions Solutions — Topic 10 (sol-0666)

Past VCAA examinations
Sit past VCAA examinations and receive immediate feedback, marking guides and examiner’s report notes.
Access Course Content and select ‘Past VCAA examinations’ to sit the examinations online or offline.

Test maker
Create unique tests and exams from our extensive range of questions, including past VCAA questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.

TOPIC 10 Human change over time 791

PAGE PROOFS



“c10HumanChangeOverTime_PrintPDF” — 2021/5/13 — 14:39 — page 792 — #82

Online Resources Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

eWorkbook

10.1 eWorkbook — Topic 10 (ewbk-1889) ⃞
10.2 Worksheet 10.1 Mammals, primates and hominoids

(ewbk-4105) ⃞
Worksheet 10.2 Who’s in the family (ewbk-4107) ⃞

10.3 Worksheet 10.3 Hominin relationships and evidence
from skulls (ewbk-4109) ⃞
Worksheet 10.4 Summarising trends in hominin
evolution (ewbk-8944) ⃞

10.4 Worksheet 10.5 Alternative pathways (ewbk-8946) ⃞
Worksheet 10.6 Interbreeding and new putative
species (ewbk-8948) ⃞

10.5 Worksheet 10.7 The migration of modern human
populations (ewbk-8950) ⃞

10.6 Worksheet 10.8 Reflection — Topic 10 (ewbk-4550) ⃞
Biochallenge — Topic 10 (ewbk-8091) ⃞

Solutions

10.6 Solutions — Topic 10 (sol-0666) ⃞

Practical investigation eLogbook

10.1 Practical investigation eLogbook — Topic 10
(elog-0197) ⃞

10.2 Investigation 10.1 Observing primates (elog-0427) ⃞
10.3 Investigation 10.2 Investigating hominin fossils

(elog-0429) ⃞

Digital documents

10.1 Key science skills — VCE Units 1–4 (doc-34326) ⃞
Key terms glossary — Topic 10 (doc-34624) ⃞
Key ideas summary — Topic 10 (doc-34615) ⃞

10.3 Case study: A detailed look at early hominin species
(doc-36149) ⃞
Case study: A detailed look at members of the genus
Homo (doc-36150) ⃞

Teacher-led videos

Exam questions — Topic 10 ⃞

10.2 Sample problem 1 Comparing skulls of hominins
and hominoids (tlvd-1808) ⃞

10.3 Sample problem 2 Determining hominoid species
from their limb structure (tlvd-1809) ⃞

10.3 Sample problem 3 Analysing Homo fossils
(tlvd-1812) ⃞

10.4 Sample problem 4 Exploring the migration of
Aboriginal and Torres Strait Islander peoples
(tlvd-1813) ⃞

Video eLessons

10.3 Changes in hominin skulls (eles-4632) ⃞
10.5 Mitochondrial DNA (eles-4204) ⃞

Interactivities

10.3 Hominin skulls (int-0241) ⃞
Hominin limb structure (int-8330) ⃞

Weblinks

10.2 Humans are primates ⃞
Hominid and hominin — what’s the difference? ⃞
Australian Museum Human Evolution resources ⃞

10.3 Australian Museum — Hominin skulls ⃞
10.4 Human lineage over time ⃞

Human evolution timeline interactive ⃞
New species of ancient human discovered in the
Philippines ⃞
Ancient girl’s parents were two different species ⃞
DNA reveals first look at enigmatic human relative ⃞

10.5 The Great Human Migration ⃞
Aboriginal Australian mitochondrial genome variation ⃞
Australian Institute of Aboriginal and Torres Strait
Islander Studies ⃞

Exam question booklet

10.1 Exam question booklet — Topic 10 (eqb-0021) ⃞

Teacher resources

There are many resources available exclusively for
teachers online.

To access these online resources, log on to www.jacplus.com.au
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