
This chapter covers AS 91606 (Biology 3.6). Trends in human evolution include both biological evolution 
and cultural evolution as well as dispersal patterns of hominins. New discoveries are being made in this 
fi eld every year and major fi ndings are published in the media – it is essential that you should be aware of 
these fi ndings (e.g. in 2015 a new hominin species based on analysis of bones was found in the Rising Star 
caves in South Africa and named Homo naledi – analysis of these fossils and where they fi t into hominin 
evolution is ongoing).

Candidates need to study AS 91905 (Biology 3.5) in conjunction with AS 91606 (Biology 3.6), as the 
processes and patterns of evolution are implicit in the biological evolution of humans.

Trends in the biological evolution of humans include:

• skeletal changes linked to bipedalism

• changes in the skull and endocranial (the volume of the cranium, essentially an indicator of brain 
volume/size) features

• changes in the manipulative ability of the hand.

Trends in the cultural evolution of humans include:

• use of tools – stone, wood, bone

• (controlled) use of fi re

• clothing

• abstract thought – communication, language, art

• food-gathering – hunter-gatherer, domestication of plants and animals

• shelter – caves, temporary and permanent settlements.

Hominids are the group of primates that include the great apes (chimpanzees (common chimp and the 
bonobo), gorillas, orang-utans) and humans; hominins are a subgroup of the hominids that includes all 
living and fossil species belonging to the human lineage. A distinguishing feature of all hominins is bipedalism 
– all hominin species are adapted for habitual walking on two legs (though the more primitive species retain 
adaptations for arboreal existence such as brachiation). Bipedalism is not just a characteristic of Homo species.

Interpretations of the trends in human evolution need to be based on current scientifi c evidence which is 
widely accepted and presented in peer-reviewed scientifi c publications.

You need to be aware of any new published and accepted fi ndings since the time of writing this book – i.e. keep 
up to date with the latest research results.

Biological evolution results from the transmission of genetic material (DNA/genes/alleles/chromosomes) 
from generation to generation / parents to offspring. New alleles result from (gene) mutations and those 
that enter the gene pool are subject to natural selection (as well as genetic drift). Aspects of human 
biology determined by biological evolution include structural adaptations (e.g. bipedalism; manipulative 
hand, brain development); physiological adaptations (e.g. internal temperature regulation); instinctive 
behavioural adaptations such as refl exes (see Question Five: DNA analysis in human evolution, page 101). 
Biological evolution tends to be slow, with the rate determined by genetic change and natural selection. As 
modern-day humans now have considerable control over the natural environment (we no longer adapt to 
our environment but adapt the environment to suit us), selection pressures/natural selection have largely 
been removed, and biological evolution is currently not a major aspect of our biology.
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Cultural evolution results from the transmission of learning/knowledge from one generation to another and 
within generations. Knowledge results from higher-level thinking and is stored as memory as well as in 
written form and is transmitted by language – both written and spoken. Knowledge includes ideas, beliefs, 
customs, values – both of individuals and societies – and can be both individual and collective. Aspects 
of human lifestyle resulting from cultural evolution include tool technology, controlled use of fi re, food-
gathering techniques, settlements and farming, language and communication, politics, spirituality, art, 
music, science and maths. Cultural evolution tends to be rapid and has accelerated greatly (and continues 
to do so) with information technology becoming a huge factor in recent years.

Cultural evolution, however, depends on a complex brain and an ability to learn and communicate; these are the 
result of biological evolution.

Biological evolution
 Bipedalism
Bipedalism developed at least 4.2 mya (maybe as early as 6 mya) and it is likely that it was the driving 
force for our subsequent evolution; bipedalism evolved before the expansion of the cranium and brain (all 
early hominins have small cranial capacity / small brains). Comparisons of our skeleton with that of living 
chimps and gorillas (which are habitually quadrupedal) indicate the changes associated with bipedalism. 
In the fossil record, early hominins (e.g. australopithecines) typically display ape-like features as well as 
bipedal features. Bipedal adaptations include centralisation of foramen magnum, reduction of nuchal crest, 
changes in shapes of ribcage (cone to fl attened barrel), spine (curved to S-shape) and pelvis (long to bowl), 
elongation of lower limbs relative to arms, increase in valgus angle of femur-knee joint, enlargement of 
lateral femoral condyle to prevent sideways movement of knee joint, changes to foot (big toe no longer 
opposable but forward facing in line with other toes, development of longitudinal arch).

Skeletal changes took place in the:

• head and skull (internal and external)

• shoulder joint

• spine from the neck down (i.e. postcranial)

• hip joint and femur

• hand

• knee joint

• ankle and foot 

The development of bipedalism coincided with a period of climate change – became cooler and 
drier – with habitat changing from dense forests to grasslands and woods. The possible advantages of 
bipedalism for early hominins include height advantage (more likely to spot predators and appeared more 
menacing/intimidating); more effi cient long-distance locomotion (e.g. for hunting); freeing of hands from 
movement allowed hands to be used – e.g. for driving off predators by throwing objects and intimidation, 
carrying food; carrying infants; manufacture/use/transport of tools (came later with cultural evolution); 
thermoregulation (reduction in body surface exposed to the sun and maximum body area exposed to 
cooling breezes (with consequent reduction in body hair and increase in density of sweat glands) so less 
likely to overheat in strong sun allowing greater diurnal activity such as hunting (with further research, 
these ideas may need modifi cation)). Note that bipedalism has also resulted in some disadvantages, 
including increased curvature of the back (has resulted in (often chronic) lower back anatomical problems / 
pain); more stress on hips and knee joints that may result in chronic problems / pain; stress on arch in foot 
resulting in (chronic) pain; ‘fl at feet’; varicose veins, especially in legs (often associated with long periods of 
standing); birth diffi culties as birth canal (vagina) through pelvis is narrow and human babies have a large 
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brain case (cause of high mortality in days prior to modern medical technology, and still a problem in some 
areas of the world); offspring are born largely helpless, and have a long period of infant dependency on 
mother/parents (advantage of this is increased learning opportunities).

Manipulative hand
It is likely that the greatest advantage from habitual bipedalism was the freeing of the hands from 
association with movement, allowing the development of our specialised grasping hand with its precision 
grip. This has allowed manipulation of objects of all shapes and sizes, especially tools. Key feature is the 
fully opposable thumb – human thumb is relatively longer than that of apes and early hominins, and this, 
coupled with the fl exible structure of the wrist, allows the thumb to be brought across the hand so that 
it can touch the tip of every fi nger. All primates have a ‘power grip’, but only humans are capable of the 
‘precision grip’, which allows control of delicate movements in handling all objects. The hands lost the 
distinctive curve seen in early hominins and apes, as movement by brachiation no longer occurred – 
straight hands selected for in precision grip.

Skull and endocranial features
Changes in the skull and brain are related to both biological and cultural evolution and are associated 
with bipedalism (see page 82 centralisation of foramen magnum, reduction of nuchal crest, changes in 
shapes of ribcage); changes in diet, including the impact of fi re/cooking (dates back to Homo erectus about 
1.5 mya), and the increase in size and complexity of the brain (a trend throughout the human lineage, 
especially later Homo).
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Changes associated with diet include the following.

• Smaller jaws, reduction in sagittal crest, reduction in zygomatic arch – resulting from reduction in 
tough, fi brous vegetarian diet and change to more omnivorous diet with softer material – especially 
when cooking of food became common (e.g. meat is tenderised by cooking). No need for large jaws 
and large chewing muscles and their bony attachments (selected against, as waste of energy and 
materials in their development and maintenance).
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• Smaller (especially molars) and more uniform teeth (in smaller jaw), again refl ecting the transition from 
tough vegetarian diet to omnivorous cooked diet. (Also reduction in sexual dimorphism with associated 
reduction in size of canines used in threat displays by males.) Jaws became less prognathic (i.e. less 
protruding) and face became fl atter. Jaw shape became circular (parabolic) rather than U-shaped. 
Diastema vanished. Pronounced chin in H. sapiens only.

Changes associated with the brain include the following.

• Increase in size/volume (as seen in the endocranial volume, usually given in cubic centimetres (cm3)) of 
the brain – from approx. 400 cm3 in early hominins to approx. 1 400 cm3 in H. sapiens).

• Increase in complexity and specialisation of the brain, especially the part of the forebrain called the 
cerebrum. The outer layer of the cerebrum (cerebral cortex) is folded extensively in modern humans. 
This is the area of the brain associated with the complex processes concerned with reasoning, problem 
solving, abstract thought (e.g. maths, art), imagination, communication (e.g. language). This area is 
also associated with sensory perceptions – sight, smell, touch, taste, hearing. The cerebellum is the part 
of the brain associated with balance and muscular co-ordination (in humans this is related to the fi ne 
movements and co-ordination needed for the precision grip).

• Presence of Broca’s area which is associated with organisation of sounds into speech, and Wernicke’s 
area which is associated with interpretation of speech. Endocasts of early fossil hominins are examined 
for the telltale bulges associated with these two areas, as they provide evidence for speech.

Broca’s area

Wernicke’s area

cerebrum

cerebellum

Improvements in brain size and complexity and functioning are related to improvements in diet both in 
quantity and quality – our brain, about 2% of our body mass, requires about 20% of the total energy 
needed to maintain the body at rest. This increase in quantity and quality of diet was the result of several 
linked developments, including freeing the hands in bipedalism, stone tool development and use, more 
effective hunting and processing of food, cooking (cooking releases more nutrients from food). More 
meat in the diet from greater hunting success supplied more protein and fat for brain growth and energy 
supplies. Addition of fi sh and shellfi sh (coastal African populations) to the diet further added protein, and, 
in particular, omega-3 oils to the diet. Brain development was fuelled by higher nutrients and energy. 
Having a larger, more complex brain allowed people to reason, learn and communicate more effectively – 
this would have improved stone tool technology which would have further led to improved diet from more 
effective hunting, gathering, processing, which would have further promoted brain development – this is 
one of the positive feedback loops that has occurred linking biological and cultural evolution in hominins.

Hominin lineage – summary
The fossil record for hominins is extensive but very fragmented. Remains of hominins have been found 
throughout Africa, Asia, Europe; often accompanied by the remains of other animals (e.g. prey mammals), 
and, for more recent hominins, stone tools. The most common and important fossils are skulls or skull 
fragments (including teeth). Leg bones, especially the knee joint, are important for determining bipedalism. 
Dating methods for fossils have got more extensive and accurate over the years, and include location in 
strata, presence of index fossils, radiocarbon dating, K-Ar dating. More recently, genome analysis using 
DNA sequencing of both mtDNA (can be used as a molecular clock providing evidence of relationships, 
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ancestry, lineages, time lines so is important in determining phylogenetic trees) and nuclear DNA 
(Y chromosome analysis important in providing evidence for relationships and lineages). At the time of 
writing, the genomes of gorillas, chimpanzees, Neanderthals, Denisovans, and modern humans (H. sapiens) 
have all been sequenced, and are being extensively analysed to provide evidence for our biological 
evolution (see Question Five: DNA analysis in human evolution, page 101).

Comparisons of fossils and DNA (when available) are made to identify species (some sources give over 20 
different hominin species …) and determine relationships. It is the interpretation of the fossil fi ndings that 
differs within the scientifi c community, and debate is ongoing.

• Does a new fossil fi nd belong to a described species (i.e. variations displayed are within the range of 
natural variation recoded in a described species) or is it a new species (i.e. variations displayed are 
outside the range of natural variation recorded in a described species)?

• Which species are ancestral to others in the hominin lineage(s)? Which are common ancestors? Where 
and when? For example, recent fi ndings in Dmanisi, Georgia, have fuelled the debate as to whether the 
fossils found throughout Europe and Asia and Africa dating to about 1.8 mya are different species (e.g. 
H. erectus, H. heidelbergensis, H. antecessor, H. rudolfensis, H. ergaster) or belong to the one species – 
H. erectus.

  Scientists tend to be either lumpers (those who group fossil fi ndings into one or a few species) or 
splitters (those who see small variations in new fi nds as indicating a new species – hence identify large 
numbers of species).

Following is a summary of the most widely held interpretations of the fossil fi ndings at the time of writing. 
Don’t get bogged down by details, but focus on the trends shown over the past 6 mya for:

• biological evolution – bipedalism, manipulative hand, skull and endocranium / brain

• cultural evolution – stone tool technologies, structure of societies, use of fi re, abstract thought, 
communication and language.

Earliest hominins identifi ed are Sahelanthropus tchadensis (lived about 7 mya ago in Chad, central Africa), 
and Orrorin tugenensis (‘millennium man’ – lived about 6 mya in Kenya, east Africa); fossil fi nds are mainly 
skull fragments and there is insuffi cient evidence to confi rm presence of bipedalism, brains were small 
(about 350 cm3).

Ardipithecus ramidus (‘Ardi’) – lived about 4.4 mya in Ethiopia (east Africa). Both cranial and post-cranial 
fossils display a mixture of ape-like features (brain about 350 cm3; long arm bones, foot with opposable big 
toe, relatively large canines) and human-like features. Foramen magnum is relatively far forward, the fi rst 
defi nite indicator of bipedalism in hominin evolution, but arm and foot structure suggests Ardi also had an 
arboreal lifestyle.

 Australopithecines
All fossil fi ndings are in Africa, most in east Africa. The number of genera (some identify just one genus, 
Australopithecus; others include Paranthropus, with two or three species) and species (up to 6+ named 
at time of writing) identifi ed as australopithecines varies depending on how scientists interpret the fossil 
record. With some variations, the australopithecines were characterised by being bipedal; had a small 
brain (about 350–600 cm3, so not much larger than that of a modern chimpanzee); small stature (average 
height of 1.2–1.5 m and weight of 30–50 kg, with variation also resulting from sexual dimorphism within 
a species); dentition more similar to that of later hominins / modern humans than to that of apes (in 
particular, canines were reduced and non-protruding).

A. anamensis (lived about 4 mya in Kenya, east Africa); A. afarensis (lived about 3–3.7mya in Ethiopia, 
east Africa – including a 40% complete skeleton ‘Lucy’ that provided conclusive evidence of bipedalism); 
A. africanus (lived about 3.0–2.5 mya ago in South Africa), are known as the gracile australopithecines, as 
their skull and skeletal structure indicate a slender form.
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Australopithecus robustus / Paranthropus robustus and P. boisei (also P. aethiopicus) are known as the robust 
australopithecines, as their skull and skeletal structure indicate a large, stout, stocky (i.e. robust) form. These 
robust forms were specialised herbivores and had very large jaws, molars, skull ridges (sagittal and nuchal 
crests, brow ridges, zygomatic arch) as adaptations for eating tough, fi brous plant material (including nuts). 
It is likely that they were an evolutionary side-branch (lived between 2.6–1.2 mya) that became extinct, 
while A. anamensis and A. afarensis are usually considered to be ancestral to Homo.

More recent fi ndings include A. garhi (lived about 2.5 mya in Ethiopia). Fossil fi ndings include skull 
fragments, cranium (brain size about 450 cm3), teeth which show a mixture of Australopithecus and 
Homo characteristics. The most signifi cant fi ndings associated with this fossil are primitive, shaped tools 
resembling Oldowan pebble tools, suggesting such tools may have been made and used by A. garhi – 
dated to 2.5 mya, a similar time frame to the tools found with H. habilis.

A. sediba (lived about 1.95–1.78 mya in South Africa) – at the time of writing, scientists believe A. sediba 
could be a pivotal species in hominin evolution, as it has a mosaic of features from both Australopithecus 
and Homo genera. Structure of hands and feet strongly suggest adapted for tree climbing. This, together 
with teeth comparisons with other hominins, suggests there may have been two distinct ancient groups 
of australopithecines – one in East Africa (includes A. afarensis) and the other in South Africa (includes 
A. africanus and A. sediba). The group in South Africa may have been the one that ultimately led to the 
Homo line and modern humans.

Trends within the Australopithecus genus include:

• an increase in cranial capacity, height and weight (bipedalism evolved before large cranial capacity)

• increasing centrality of foramen magnum and adaptation of lower limbs for bipedalism (spine, pelvis, 
legs, feet)

• loss of diastema, increasingly ‘U’-shaped tooth row, smaller canines, reduction in prognathism

• higher forehead, smaller brow ridges.

Homo
Evolution of the genus Homo occurred in the Palaeolithic era (the ‘stone age’), and is characterised by 
biological and cultural evolution, both of which infl uenced each other in a positive feedback loop (earlier 
hominins are almost entirely the product of biological evolution). In the approx. 2.5 million years of Homo 
evolution, stature got taller (and so heavier), the brain both signifi cantly enlarged and got more complex, 
movement was completely and habitually bipedal; the hand developed a precision grip. Stone tools were 
manufactured; hunting using tools developed, allowing for the hunter-gatherer lifestyle. Controlled use 
of fi re developed. Social organisation became increasingly complex, associated with the development of 
speech and therefore the increased ability to communicate.

The number of identifi ed species in the Homo genus varies greatly, depending on the interpretation of fossil 
remains by scientists (and is much more varied than for the australopithecines). Following is a summary 
of the most widely held interpretations of the fossil fi ndings at the time of writing, and includes the four 
‘milestone’ species (habilis, erectus, neanderthalensis, sapiens) and the main associated species. Be aware of any 
new published and accepted fi ndings that modify this account, especially if derived from genome analysis. 
In 2016, researchers announced the discovery of a new member of the Homo genus, which they named 
Homo naledi. This was based on the discovery of over 1 500 bones in the Rising Star Cave in South Africa near 
the location of A. sediba fossils. Like A. sediba, the H. naledi fossils display a mosaic of primitive and modern 
features. The fossils have not been able to be dated, therefore their placement in the Homo genus and their 
positioning in the hominin lineage are uncertain and the subject of much debate.

H. habilis (‘handy man’) – lived about 2.3–1.4 mya in Africa. Virtually a transitional form between the 
australopithecines and later Homo, as it had an australopithecine-type body (arms disproportionately long) 
but a more human-like face (less protruding). Stature was small, with a height of about 1.3 m; weight 
about 37 kg. Brain was about 550–680 cm3, larger than any australopithecine – therefore, intelligence and 
social organisation were likely to have been more advanced. Made Oldowan stone tools (details of stone-
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 Dispersal patterns
Homo erectus
Homo erectus (diverged from H. habilis about 1.9–1.8 mya) was the fi rst hominin to leave Africa – occurred 
early in their evolution. Dispersal was relatively rapid – took only about 200 000 years for H. erectus to appear 
in Asia and 300 000 years to appear in Europe. Migration was possibly linked to climate change in Africa – 
which resulted in cooler, drier climate with open savannah and a reduction in suitable food supplies.

 Homo sapiens
‘Out of Africa’ is the most widely accepted theory describing the origins and dispersal of modern 
H. sapiens. It is also known as the (recent) Out-of-Africa model; recent single-origin hypothesis (RSOH); 
replacement hypothesis; recent African origin (RAO).

Based on the fossil record (dating evidence, comparing anatomical features) and DNA analysis, the key 
aspects of ‘Out of Africa’ are:

• archaic H. sapiens evolved into anatomically modern H. sapiens solely in Africa (200 000 to 150 000 ya)

• members of one branch of H. sapiens left Africa between 125 000 and 60 000 ya; the earliest successful 
(i.e. those who left living descendants) migration time is widely accepted as being 60 000 ya

• these migrants over time replaced earlier human populations – such as H. erectus, H. neanderthalensis – 
in Europe and Asia

• the theory in respect of the recent single origin of modern humans (being in East Africa (Rift Valley 
location)) is the most widely accepted by the scientifi c community at the time of writing

• regional differences in H. sapiens (e.g. skin colour, eye colour, hair colour and texture) developed after 
H. sapiens emerged from Africa; although there appears to be much diversity within phenotypes of 
H. sapiens, this is superfi cial, as there are few differences in DNA.

The main competing theory of human origins and dispersal is the ‘Multiregional origin of modern 
humans’, which maintains that after H. erectus left Africa and dispersed, regional populations of them 
slowly evolved into modern humans. Regional, geographically isolated populations adapted to their 
environment through natural selection. Gene fl ow existed between adjacent populations and this mixing of 
alleles prevented speciation (no reproductive isolation). Therefore, all modern humans are descended from 
H. erectus who left Africa about 2 mya; there has been a single, continuous, human species since then.

Flow of genes around the globe
Routes of migration
Disputed routes of migration
Time Homo sapiens reached the area (thousand years ago)
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After H. sapiens left Africa 65 000 ya, they spread across the globe
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 Self-check Question
1. Origins of modern humans

  The debate about the origins of modern humans has traditionally focused on two different views – the 
Multiregional model and an Out-of-Africa model. The diagrams below present some information about 
each of the two models. There is increasing evidence in favour of the Out-of-Africa model.

African origin African origin

Multiregional model Replacement (Out-of-Africa) model

Modern Homo sapiens Modern Homo sapiens

Europe EuropeAfrica AfricaAsia Asia

ExtinctExtinct

gene flow gene flow

0.5 million
years ago

1.0 million
years ago

Modern Homo sapiens evolved 
simultaneously in Europe, Africa and Asia. 
Gene flow was maintained between all 
populations.

Modern Homo sapiens evolved in Africa and 
spread out, replacing all existing hominin 
populations. Any differences between modern 
human populations evolved only very ‘recently’.

Compare these two models of hominin dispersal from Africa and analyse the evidence to show why 
the Out-of-Africa model is the one now accepted by the majority of scientists.

Ans. p. 129
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Cultural evolution

 Stone tool technology

Oldowan tools

The oldest stone tools are known as Oldowan tools (also known 
as ‘pebble tools’), are associated with H. habilis and date to 2.6–
1.7 mya, though recent evidence indicates it is likely that A. garhi 
made stone tools (as tools have been found with their fossil remains) 
and possibly even A. afarensis (as the bones of animals found with 
their fossil remains appear to have the sort of cut marks on them 
that a stone tool would make – if this could be confi rmed, it would 
push the earliest known manufacture and use of stone tools back to 
about 3.5 mya). The tools were made from river stones by striking 
fl akes off one side of a pebble to produce a cutting edge. Probably 
used as choppers and hammers to crack marrow bones, cut and 
soften meat, cut plant material, possibly work wood.

An Acheulean handaxe in
side and face view

Tool culture developed as brain expansion and complexity allowed 
early hominins to visualise the (end product) tool and its potential 
use, then manufacture the product (using trial and error). Coupled 
with this was the increasing dexterity of the hand and its grip. 
Cultural evolution was starting to provide selection pressures for 
biological evolution and H. erectus (over all their range) showed 
greater expertise in tool manufacture than H. habilis. H. erectus is 
associated with Acheulean tools (occur from about 1.5 mya to 
150 000 ya; the later tools display more extensive working than the 
earlier tools). The typical Acheulean tool was a fl attened hand axe 
produced by striking multiple fl akes off a central core resulting in a 
bifacial tool with a characteristic tear-drop, oval, or disc shape. They 
were likely to have been multi-purpose tools – e.g. for cutting up 
carcasses, scraping and cutting hides, cutting and breaking up wood.

Mousterian tools, used by 
Neanderthal people

Mousterian tools (occur from about 200 000 ya to 30 000 ya) are 
associated with H. neanderthalensis. These tools are more varied 
(over 60 different kinds have been recognised) and sophisticated 
than Acheulean tools, as they were made from fl akes that had been 
struck from a core whereas Acheulean (and Oldowan) tools used the 
core itself (after fl akes had been struck off it). Uses include blades, 
points, chisels, scrapers, spear tips (which were attached to wooden 
handles).

Upper Palaeolithic tools (occur from about 40 000 ya to present) are associated with H. sapiens. These 
tools were much more fi nely made, with more cutting edge per amount of stone used; included use of 
other materials such as bone antlers/wood/ivory, and these were often combined to make composite 
tools. Perforation was possible with these materials, so needles and fi sh hooks (e.g. of bone) could be 
made; sewing was possible. Tools were made for the express purpose of making other tools – e.g. the burin, 
a chisel-like tool. Throughout the period there was a great increase in the range and variety of tools, with 
an increase in the pace of change. Between 40 000 and 11 000 ya in Europe, there was a recognisable 
succession of tool cultures, each with increasingly complex tools.
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Top and side view of a bifacial, leaf-
shaped point (e.g. spearhead)

Top and side view of a blade 
fl ake (e.g. knife, scraper)

harpoon

fi sh hook

bone needle

and side view of a bifacial, leaf-

Tools of the Upper Palaeolithic

Clothing and shelters
Early hominins would have made use of caves for protection and shelter, with entrances guarded. Tool 
development, together with brain development, saw the use of temporary shelters made from, for 
example, rocks, wood, mud and hides/skins; tools enabled the preparation of the skins and the ability to 
join them together and to other objects using needles and sinews. Composite dwellings became possible. 
These would have been temporary as dictated by the (largely) nomadic hunter-gatherer lifestyle. Permanent 
shelters in the form of houses on farms and villages developed as H. sapiens adopted a settled lifestyle with 
domestication of animals and raising of crops (about 10 000 ya). This would have been contingent on the 
development of the sophisticated tools needed to build the houses and the mental ability to envisage and 
plan them. This would also have needed effective language and communication skills for the co-operative 
activities needed.

Clothing was essential as hominins dispersed from the warm climate of Africa into the colder European 
regions; Neanderthals made large numbers of stone scrapers for preparation of hides needed for clothing 
(and hide shelters); sapiens developed needles needed to sew hides together to make sophisticated clothing 
– this was likely an important contributing factor for the widespread dispersal of H. sapiens throughout 
Europe, (northern) Asia and then the rest of the world.

Controlled use of fi re
Evidence for the (controlled) use of fi re comes from hearths. These were small areas, often indicated by a 
ring of stones and the presence of charcoal. In these areas, the substrate shows signs of being chemically 
altered by heat from fi re. Charred bones of animals – from cooking – also likely to be present. This evidence, 
associated with H. erectus, would have been an important factor in allowing their dispersal from Africa into 
(colder) Europe. Recent evidence dating to 1 mya indicates that erectus may have been able to light fi res as 
well as control them. Being able to light fi res characterises both H. neanderthalensis and H. sapiens, who were 
able to light fi res using iron pyrites and tinder (essential to be able to light fi res for warmth in Europe).

Being able to light and control fi re was a milestone in hominin evolution, as it produced many advantages for 
their lifestyle and had a fl ow-on effect to both biological and cultural evolution.

Advantages of fi re include being able to disperse to and then live in cold climates; reduction in danger from 
predators; drive prey into traps/ravines; process tools (e.g. harden spear tips); extend period of activity 
into night-time, allowing more time to socialise and make items such as tools and clothing; cooking made 
food softer and more digestible, increasing range of food that could be eaten as well as killing potentially 
harmful bacteria. Diet improved greatly, improving overall health and allowing the development of a large, 
complex brain.
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 Chapter 1:  Evolutionary patterns and 
processes

 Self-check Questions
1. Environmental factors

 •  Geographical isolation – stopping gene fl ow/isolating 
gene pool.

 • Changing environment so new selection pressures.
 • Different adaptations selected for.

 •  Micro-evolution occurs as gene/allele frequencies 
change in the gene pool.

 Biological factors

  Changes in organisms’ structures/physiology/behaviour lead to 
reproductive isolation, as breeding is no longer possible with 
the ancestral population / other populations of the species.

 •  Behavioural changes mean no longer able to recognise 
mating partners / courtship is no longer possible/
successful.

 • Structural changes stop successful mating.

 •  Physiological changes mean no longer compatible in 
body chemistry or processes, such that fertilisation is no 
longer possible / zygote not viable / chromosomes can’t 
pair up – infertility may result.

  Reproductive isolation means no gene fl ow between 
populations, so the gene pool is now isolated from all others. 
Breeding between genetically related populations is no 
longer possible so no production of fertile offspring; so, by 
defi nition, a new species has come into existence.

 Speciation has occurred.

2. • Natural selection is operating on the phenotypes.

 •  Similar environments favour similar phenotypes/
adaptations.

 •  In colder climates, reduced SA:Vol ratios are 
advantageous in retaining body heat; therefore, shorter 
legs / larger bodies are adaptations to reducing heat loss 
in the cooler regions of the USA and Europe.

 • Parallel evolution in operation.

  Could also suggest a founder effect based on the small initial 
population of sparrows in America and a probable reduced 
genetic biodiversity compared with the European sparrows.

3. •  Amphibians produce large numbers of eggs/offspring 
annually; cane toads are particularly prolifi c.

 •  Large numbers of toads and no natural predators 
suggests intraspecifi c competition for resources, 
especially food.

 •  Migration to new areas is a strategy for reducing 
competition; fi rst migrants to arrive in a new 
environment are the fi rst to access resources/food it 
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offers – gives them competitive advantage.

 •  Toads able to move/migrate faster (i.e. more powerful 
legs) will occur through natural selection. These toads 
are the fi ttest, so will contribute more to the gene 
pool, passing on their genes for the powerful legs – the 
frequency of the alleles for this will increase.

 •  As there are large numbers of toads and a high rate of 
reproduction, evolution will be rapid.

4. •  Sexual selection is a special type of natural selection; the 
female (typically) acts as the selecting agent in that she 
selects the male with whom she will mate. The supply-
and-demand economics of sperm and egg production 
means that it is almost always the female who does the 
selecting.

 •  Selection is made on the basis of the male that is most 
showy/beautiful, strongest/biggest, has the best song/
call, occupies the best/biggest territory.

 •  Such males are the best providers – healthiest, strongest, 
best adapted, have the ‘best’ genes.

 •  Such males can therefore provide the female with 
the most care and protection, the best resources, the 
healthiest offspring, most help in raising offspring. They 
are therefore the fi ttest.

 •  All these attributes enhance the survival of the female 
and her offspring – this is ‘what she wants’.

 •  Mutations arise through changes in the DNA which 
create new alleles. Those that occur in the production of 
gametes will enter the gene pool. Alleles which enhance 
sexual selection through changes in colour/length/size/
song/strength/etc. will be selected for and so increase in 
frequency in the gene pool.

 •  Evolution through sexual selection is rapid compared 
with other selecting agents, especially in species where a 
few males each breeding season get to mate with most 
of the females (e.g. birds with leks). Their alleles will 
dominate the gene pool of the next generation. Because 
of this, sexual selection can be an important factor in the 
(micro)evolution of a species.

 •  However, sexual selection can decrease the fi tness of 
males if their size/colour/length/etc. makes it more 
diffi cult for them to move/fl y/feed/escape predators/etc. 
– this will restrict the possible range of phenotype(s).

5. •  Founder effect – alleles present in this small group are 
unlikely to be representative of the country of origin 
(England), so allele frequency will differ and some alleles 
may not be present in this small gene pool.

 •  Genetic drift is likely to occur, as the founder population 
is small.

 •  The normally rare allele for blindness will occur at a much 
higher frequency in this small population, as inbreeding 
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will increase the chances of homozygous recessive 
genotypes occurring, so the incidence of blindness will 
become (more/relatively) common in the Tristan da 
Cunha population.

 •  The loss of 15 men from the small population likely 
caused a bottleneck, with further loss of alleles/changes 
in allele frequency. This would have further have 
promoted genetic drift.

 • The emigration would also have promoted genetic drift.

 •  Mutations occurring will increase in frequency rapidly if 
benefi cial.

 •  Founder effect / bottleneck effect / genetic drift / 
inbreeding / emigration of the small population all act to 
change allele frequencies.

 •  Any future migration occurring (immigration/emigration) 
will produce gene fl ow. As the population is small, any 
such migration is likely to have a signifi cant effect on 
allele frequencies.

 •  Overall, lack of genetic biodiversity compared with 
large mainland populations.

Scholarship Questions

 Question One: Fish antifreeze
 Your answer needs to discuss the relevant patterns and processes 
associated with the evolution of both the Arctic (the artic cod) and 
the Antarctic fi sh (the Bald notothen and the Threadfi n pithead).

Patterns
•  Antarctic fi sh – all present-day fi sh possess the AFGP gene, 

indicating common ancestry. Thus divergent evolution 
and adaptive radiation have occurred, as it appears that one 
ancestral fi sh gave rise to many different species (>100 today). 
Species have spread out to occupy many different niches, e.g. 
Bald notothen and Threadfi n pithead.

•  Arctic and Antarctic fi sh – convergent (or parallel) evolution, 
as Arctic/Antarctic fi sh not related / diverged a very long 
time ago and have independently acquired the AFGP gene/
mutation.

•  Arctic and Antarctic fi sh – gene for AFGP analogous for the 
two groups, as gene is in different location in genome but 
has the same sequence of amino acids to presumably allow 
for the same function.

Processes
•  Mutation occurred independently in both groups of fi sh at or 

prior to / around the time of the cooling of the polar waters. 
Likely silent/neutral mutation until waters became suffi ciently 
cool to make AFGP an advantage.

•  Natural selection – the cold water acted as selection agent; 
those fi sh without AFGP allele did not survive, those with it 
had a survival advantage.

•  Frequency of allele – fi sh with allele survived and 
reproduced; allele became established and increased in 
frequency in gene pool.

•  Vacant niches – in Antarctic, mass extinction of fi sh species 
without the AFGP gene as water cooled provided many 
available niches for the notothenoid fi sh which possessed the 
gene. 

•  Speciation – in notothenoids, speciation occurred as 
they spread out and adapted to the new niches, reducing 
competition (e.g. Bald notothenoid and Threadfi n pithead). 
As fi sh diverged, reproductive isolating mechanisms saw 
formation of many different species. Note: No data available 
for Arctic cod.
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 Question Two: Hebe speciation
 Your answer needs to address all fi ve bullet points. Careful 
reading of the resource material is needed as there is a large 
amount of complex data provided. It is essential that you support 
your answer with relevant examples selected from the table of 
Hebe species.

Selection pressures

•  Moisture and temperature are important selection pressures. 
Temperatures become lower as altitude increases, so alpine 
colder than lowlands. Alps cause barrier to winds from west, 
such that the land west of the Alps is wetter (and cooler) 
than on the eastern side (drier and warmer). Colder and 
drier conditions select plants with smaller leaves, hence the 
whipcord Hebe are found in the drier and alpine/subalpine 
regions. Larger leaves are favoured in shadier and wetter 
areas, hence shrub-like forms are found on the lower slopes 
and forests (e.g. H. salicifolia, H. cockayniana).

Mutations – aneuploidy and polyploidy

•  Ancestral form was closest to H. cupressoides, so most likely 
has n = 21. Therefore, forms with n = 20 are likely result of 
aneuploidy (e.g. H. stricta, H. salicifolia).

•  Species with doubling or tripling of the chromosomes (e.g. 
H. dilatata (n = 60); H. ochracea (n = 62); H. gracillima 
(n = 40)) all suggest polyploidy has occurred (possibly 
together with aneuploidy).

•  These differences in chromosome number between 
species suggest reproductive isolation has occurred, hence 
speciation.

Genetic drift and founder effect

•  Founder effect – a small and genetically unrepresentative 
population has become isolated and does not represent the 
main population in its genetic constitution. Because there was 
only one introduction of Hebe to NZ, all subsequent species 
have arisen from this gene pool. Therefore, NZ Hebes are a 
small and genetically unrepresentative population compared 
with the original ancestral Australian population. Also this 
may have happened in NZ when a small group of Hebe 
became isolated from the rest of the species (e.g. possibly 
H. stricta, found only in the North Island).

•  Genetic drift – change in allele frequency (loss of allele(s) 
from population / fi xation of an allele) due to chance events 
in a small, isolated population. No obvious illustration of this 
in the named species, but highly likely it occurred, as small 
populations became geographically separate in the course of 
their evolution.

Adaptive radiation and convergence

•  It is probable that there were two large radiations forming 
many species from the ancestral founder population. First 
coincided with main environmental changes (caused by 
mountain uplift) causing evolution of the 5 species of whipcord 
Hebe. Second coincided with periods of glacial and interglacial 
periods – the largest radiation, as many new niches became 
available, resulting in the many species of larger-leafed forms 
(e.g. H. dilatata, H. venustula, H. gracillima).

•  Convergence occurs when species from different evolutionary 
backgrounds have developed similar features as a result 
of similar selection pressures from similar environments. If 
whipcord Hebes were the early forms, then development of 
larger-leafed lowland forms would show convergence with 
other larger-leafed plants also found in the other lowland 
areas (e.g. H. topiara and H. gracillima).

Sympatric and allopatric speciation

•  Development of new species without geographic isolation 
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