
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 confirmed, 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 
flakes 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 flattened hand axe 
produced by striking multiple flakes 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 flakes that had been 
struck from a core whereas Acheulean (and Oldowan) tools used the 
core itself (after flakes 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 finely 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 fish 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 
flake (e.g. knife, scraper)

harpoon

fish hook

bone needle

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 fire
Evidence for the (controlled) use of fire 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 fire. 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 fires as 
well as control them. Being able to light fires characterises both H. neanderthalensis and H. sapiens, who were 
able to light fires using iron pyrites and tinder (essential to be able to light fires for warmth in Europe).

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

Advantages of fire 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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Abstract thought: communication and language
Abstract thought results from the increasing size and complexity of the brain, including the presence of 
Broca’s and Wernicke’s areas (both needed for speech). Also needed to speak is the presence of the larynx 
(‘voice box’), which operates together with the pharynx (throat), mouth and tongue to form words (the 
tongue is essential for effective speech – try forming words without using your tongue …).

The development of spoken language was another milestone in hominin evolution (and subsequently followed 
many years later by the development of written language). Communication became much more effective, 
resulting in a great improvement in the ability to plan and co-ordinate activities; early humans could much 
more effectively work together, co-operating in activities such as hunting, gathering food, designing and 
manufacturing tools, building dwellings, sharing ideas and making decisions, establishing and maintaining 
complex societies. Evidence from the Neanderthal lifestyle suggests that they must have had a reasonably 
complex language.

Biological and cultural evolution had reached the stage with Neanderthals and H. sapiens that art and 
aesthetics became possible. There is some suggestion Neanderthals may have made ornaments, but there 
is conclusive evidence that they ritually buried their dead – skeletons were intact with a definite body 
positioning and orientation, presence of pollen grains (likely from flower gifts), presence of animals bones 
(likely from food gifts), presence of tools; all suggesting not only a care for people and respect for the dead, 
but a belief in an afterlife (i.e. a spiritual dimension to their lifestyle). Cave paintings occurred with early 
H. sapiens as well as the first figurines (small clay figures made from a mixture of powered bone and clay 
and baked hard by strong heat), dating back to about 30 000 ya.

Food gathering
Hominins progressed from the hunter-gatherer lifestyle to a settled lifestyle based around the domestication 
and farming of animals and the cultivation of crops. For millions of years, hominins had a nomadic 
hunter-gatherer lifestyle, spending a large part of each day foraging for plant foods, hunting animals, 
and scavenging carcasses. The small groups or clans moved as resources ran out and numbers increased. 
Hunting became more successful as stone tools developed and bigger prey could be killed as hunting 
became more co-operative with increased communication. By 85 000 ya, humans were collecting and 
eating shellfish; by 70 000 ya, humans were using barbed points to spear large fish; by 16 000 ya (or 
earlier), the fish hook had been invented – a milestone invention in human evolution, as it resulted in a rich 
source of readily available food in large quantities.

One of the most important milestones in human evolution came around 12 000 to 10 000 ya when 
H. sapiens made the transition from being nomads to becoming settled farmers – they began to build 
permanent dwellings, farm animals, and cultivate crops. They discovered they could control the breeding 
and growth of certain plants (e.g. wheat, barley, maize, rice) and animals (e.g. dogs, sheep, cattle, pigs, 
goats, horses) – the milestone of selective breeding had arrived. Humans began to control their environment. 
The development of agriculture and settlements resulted in great advantages for humans, as well as 
some serious disadvantages. However, the advantages of the settled farming lifestyle outweighed the 
disadvantages, resulting in it gradually replacing the hunter-gather lifestyle (which is now only found in 
certain areas of the world).

Advantages included a (more) dependable source of food with surplus stored and/or traded (for needed 
resources). Improved diet resulted in improved health, survival, life expectancy (with flow-on effect to 
cultural evolution). This was enhanced when dairy farming began in Europe and milk became part of 
the diet. Time spent in gathering food was greatly reduced, which allowed for job specialisation and 
‘downtime’ for thought, reflection, socialisation, planning, art, tool technology, etc. The supply of hides 
and wool increased, so increasing production of clothing, containers, tools, housing. Animals (e.g. horses, 
cattle) could be used for transport, facilitating movement of people and goods. However, the increased 
density of crops (in particular) and animals resulted in greatly increased incidence and spread of disease and 
an increase in pests (e.g. crop herbivores) and parasites (e.g. ticks, lice, intestinal worms). The increased 
density of people increased spread of disease through populations (epidemics), exacerbated by increases 
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human waste/sewage. The supply of food can be seasonal with ‘boom’ (e.g. spring and autumn harvest) 
and ‘bust’ (e.g. winter) periods, so requiring careful storage and supply. Adverse weather events such as 
droughts, floods, fires, severe cold can have catastrophic effects on the supply of food (e.g. crop failure).

Linking of biological and cultural evolution
Biological and cultural evolution have influenced each other over the course of our evolutionary history. 
Biological evolution can be considered to be both a cause and a consequence of cultural evolution, and vice 
versa. Interlinking can be summarised if human evolution is considered in terms of three distinct phases.

Phase 1 – natural selection predominates. Early humans (up to H. erectus) have little control over 
environment, subject to same selective forces as any other organism. Differential reproductive success 
ensures at least some offspring survive, but several extinctions occurred. Little significant increase in cranial 
capacity and cognitive abilities reflects little selection for these features.

Phase 2 – cultural evolution starts to impact. Humans (H. erectus up to early H. sapiens) learn how to 
manipulate the environment to a certain degree – manufacture of increasingly sophisticated tools, 
controlled use of fire, selective breeding of plants and animals confer distinct advantages over other 
animals. Improvements in diet enabled brain growth, control of fire enabled expansion of range, social 
interaction, domestication ensured regular food supply.

Significant increases in cranial capacity and cognitive abilities, including language, abstract thought, ability 
to plan ahead, etc. occurred during this phase. Size of brain limited by disadvantages associated with birth 
process. Increases could be biological in origin (i.e. genetic mutation(s) resulting in larger, more complex 
brain), or driven by culture (i.e. those with bigger and complex brain able to make ‘better’ tools, etc. so are 
selected for – care needed here not to take a Lamarckian approach relating brain growth to need).

Phase 3 – humans controlling selection. Humans producing genetic variation (or lack of) through (modern) 
DNA technologies. Environment manipulated to extent that many species have become, or are about 
to become, extinct (directly and indirectly) as a result. Large-scale environmental changes as a result of 
human activities (e.g. global warming). Population explosions as a result of elimination/reduction of many 
microbial diseases, and individuals afflicted with certain disorders that were previously eliminated (death at 
a young age or did not reproduce) now contributing to the gene pool.

Hominins have been subjected to same evolutionary forces as any other organism. 

• Genetic drift – considerable amounts of time would have been characterised by small, isolated 
populations subject to the effects of genetic drift.

• Bottlenecks – some scientists think there are several points in history where ancestral human populations 
decreased to very small numbers, e.g. analysis of SNPs (Single Nucleotide Polymorphisms) suggests 
large-scale population collapse of modern humans towards the end of the Pleistocene, followed by post-
Pleistocene recovery.

• Speciation – expansion of range, climatic and geographical changes would have resulted in allopatric 
speciation at numerous points during human evolution.

• Changing selection pressures – as a result of climate change, range expansion, competition from other 
organisms, including other hominins.

Is human biological evolution still occurring? There are arguments for and against. For example, 
populations in developing countries are still subject to environmental selective forces, populations that have 
adopted a more ‘Western’ lifestyle tend to be genetically predisposed to ‘Western’ diseases, consequently 
have much higher rates of obesity and related health problems (CHD, diabetes), and die at relatively young 
ages (e.g. Inuits); strong selection for alleles that confer resistance to certain diseases, e.g. HIV and malaria 
in African countries.

Advanced medical and DNA technologies may be (at least temporarily) causing a relaxation of selection 
pressures in developed countries, e.g. gene therapy performed at the embryo stage to correct genetic 
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disorders, selection of gender of a child. But new selection pressures may arise as humans continue to effect 
large-scale changes, e.g. population growth due to more individuals surviving and reproducing, increasing 
consumption of resources, climate change and pollution as a result of human activities, antibiotic-resistent 
pathogens.

Self-check Questions

1. In his book, Adam’s Curse, the author Bryan Sykes points out that human ancestors 13 000 years ago 
lived a life that was far more similar to the life led by their remote ancestors 2 000 000 years ago 
than it was to the life led by present-day humans. Although there were about 100 000 generations 
of humans in those approximately two million years, our ancestors remained hunter-gatherers 
throughout that time. And although there have been only 500 generations or so since the end of 
the Ice Age, the rate of change that human society has undergone in those 13 000 years has been 
phenomenal. As an example, Sykes compares the hand axe, which ‘remained unchanged in design 
or manufacture for 300 000 years’, and the laptop computer, stating, ‘my 2-year-old laptop is 
already out of date’. 

‘What could have triggered such extreme and rapid change? … Most agree that the deciding 
development was the invention of agriculture. Once we had gained control over our food supply, 
the rest followed.’

Bryan Sykes, Adam’s Curse. Bantam Press, 2003, p. 281.

Evaluate the role of agriculture in producing such a ‘extreme and rapid change’ in the lifestyle of 
H. sapiens.

2. ‘In humans, cultural evolution has not replaced biological evolution, but has added to it.’

Discuss this statement.

Ans. p. 140
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3. Humans have adapted their environment to their genes more frequently than their genes to their 
environment.

Discuss this statement in relation to human evolutionary history.

Scholarship Questions
The following question and those later in the chapter are all from Scholarship exams. For each question, 
analyse both the resource material and what the question asks of you. Then plan your answer in the space 
provided. In your plan, use relevant biological concepts to briefly (e.g. bullet points, table, flow chart, or 
similar) explain the relevant aspects of the resource material/topic. Arrange your bullet points, or table, 
etc. into a logical order that will best address the question. Discuss your plan with your classmates and/
or teacher then use your own paper to write an extended scientific essay using your plan, turning it into a 
discussion that links descriptions and explanations to form a comprehensive, logical answer. Use examples 
from the resource material and your own biological knowledge to support your explanations. Your essay is 
likely to take 4–5 sides of A4 paper. Give your completed essay to your teacher for their feedback.
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Question One: The peopling of Australia 
The Pleistocene continent of Sahul encompassed the present-day landmasses of Australia, New Guinea, and 
Tasmania. These were separated by rising sea levels approximately 8 000 years ago. 

Sunda 
(Southeast Asia and 

island Southeast Asia)

Sahul 
(Australia, New Guinea 

and Tasmania)

Tasmania 

Flores

Luzon

1

3

2 

4

5
6
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Figure 1. Oldest archaeological sites 
in island Southeast Asia and Sahul. 
Numbered black circles represent site 
locations associated with H. sapiens: 

1. Niah Cave c. 45 kya 

2. Wajak c. 45 kya 

3. Tabon Cave c. 47 kya 

4.  Maros–Pangkep c. 40 kya 

5. Laili 44.6 kya 

6. Kosipe 49 kya 

7. Madjedbebe, northern Australia 65 kya 

8. Lida Ajer Cave, Sumatra 73–63 kya

Modern coastline indicated. c = circa, kya = thousand years ago. 

Adapted from Norman, K., et al., Quaternary Science Reviews, vol. 180 (2018) and O’Connell, J. & Allen, J., (2007), ‘Pre-LGM Sahul (Pleistocene 

Australia-New Guinea) and the Archaeology of Early Modern Humans’ 

Approximately 65 000 years ago, Late Pleistocene ocean levels decreased to depths second only to that of 
the Last Glacial Maximum. 

There is strong evidence of human occupation in Australia and elsewhere in Sahul dating back to 
approximately 47 000 years. However, recent archaeological evidence is suggesting a much earlier arrival. 
Establishing when Homo sapiens first arrived in Sahul provides valuable information on human evolution 
and dispersal. 

1. Madjedbebe evidence 

Archaeological work from Madjedbebe in northern Australia reported evidence of human occupation at 
approximately 65 000 years ago; far earlier than other evidence has previously indicated. Artefacts include 
a grindstone, hearths, silcrete flakes, and the oldest known edge-ground hatchets. The occupants used 
ochre ‘crayons’ and other pigments, including one of the oldest known examples of reflective micaceous 
pigment. 

2. Sumatra evidence

Teeth from H. sapiens found on Sumatra (part of the Pleistocene continent of Sunda) have been dated to 
between 73 000 and 63 000 years old.

Year 2019
Ans. p. 140
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3. Sporormiella evidence

The fungi Sporormiella depends on ingestion by herbivores to complete its life cycle as it sporulates in their 
dung. Sporormiella have been shown to be reliable markers of Pleistocene megafaunal biomass. Researchers 
measured the number of Sporormiella from a marine sediment core recovered 100 km offshore from south-
western Australia. The results are shown in Figure 4. During this time the climate varied from warm, wet 
interglacial periods to arid glacial periods. 
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Figure 2. Sporormiella percentage over time. The timing of major environmental change in the record 
approximately 70 000 years ago is indicated by blue shading, and regional extinction of megafauna from 
45 000 to 43 000 years ago in south-western Australia by red shading. 

Adapted from van der Kaars, S. et al., Nature Communications, vol. 8 (2017)

4. Genyornis evidence

Genyornis newtoni is an extinct Australian megafaunal flightless bird, estimated to have had a mass of up 
to 200 kg. Analysis of over 200 sites has determined that burnt Genyornis eggshell only occurred between 
approximately 53 900 and 43 400 years ago. The oldest burnt emu (Dromaius novaehollandiae) eggshells 
are dated to the same time period as burnt Genyornis eggshell, and persist to modern time.

5. Other evidence

Aboriginal Australians, Papua New Guineans, and some related populations in Melanesia and island 
Southeast Asia carry 3–5% Denisovan admixture. This interbreeding occurred with at least two genetically 
divergent groups of Denisovans; one about 50 000 years ago, and a second as recently as 15 000 years 
ago. It is estimated that all non-Africans carry approximately 2% Neanderthal ancestry. 

Homo floresiensis seems to have disappeared from its habitat in island Southeast Asia approximately 60 000 
to 50 000 years ago. Homo luzonensis was present on Luzon Island in the Philippines before 50 000 years 
ago. A considerable sea crossing has always been necessary to reach Luzon and Flores from the mainland, 
even during the lowest sea level periods of the Quaternary period. 

(Note: Due to copyright restrictions, three images from the exam question have been omitted from this 
workbook. The integrity of the information provided is not affected.)

Question

Analyse the information provided in the resource material, and integrate it with your biological 
knowledge to:

• discuss the evolutionary and ecological implications of the dispersal of Homo sapiens to Sahul

• give your justified opinion on the timing of Homo sapiens dispersal to Sahul.
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Question Two: Jebel Irhoud fossils
The timing and location of the emergence of Homo sapiens is an important aid in the understanding of 
human evolution.

Genetic models suggest H. sapiens, Neanderthals, and Denisovans diverged from a common ancestor 
approximately 500 000 years ago.

Hominin fossils have recently been discovered from Jebel Irhoud in Morocco. The remains include a skull 
(Figure 1c), mandible, maxilla, femur, and teeth. A tooth has been dated to between 254 000 and 318 000 
years old.

Figure 1: Skull-shape differences over time

(a) (b) (c) (d)

~430 000-year-old 
skull found in Sima 
de los Huesos, Spain, 
considered to represent 
early Neanderthal

~50 000-year-old skull 
from La Ferrassie, 
France, an example of a 
late Neanderthal

~315 000-year-old skull 
from Jebel Irhoud in 
Morocco

~20 000-year-old 
H. sapiens fossil from 
Abri Pataud, France

Found in the same layer as the Jebel Irhoud fossils are charcoal and Middle Stone Age tools (similar to 
Eurasian Middle Palaeolithic tools) dominated by Levallois technology (Figure 3). No Acheulean technology 
has been found. These tools have been dated to between 281 000 and 349 000 years old. Most of the 
tools are flint from a site over 20 km away. Animal remains are mainly gazelle, but also include zebra, 
wildebeest, hartebeest, leopards, lions, and coprolites from hyena. These species are also found in east 
Africa. Approximately a quarter of the bones have been burnt. Some gazelle bones contain cut-marks and 
have percussion notches.

The features of the Jebel Irhoud skull resemble those of other skulls of similar age 
such as the ~259 000 ± 35 000 years-old Florisbad skull from South Africa, which 
was also associated with Middle Stone Age tools.

Florisbad skull
The age reported for Homo naledi (Table 1) is between 236 000 and 335 000 years old.

Around 330 000-years ago the Saharan desert in Africa briefly became vegetated due to climate change.

A different group of researchers has sequenced the genome of a juvenile male named Ballito Bay boy who 
lived in South Africa approximately 2 000 years ago. They determined that his ancestors on the H. sapiens 
lineage split from those of some other present-day African populations approximately 350 000 to 260 000 
years ago.

Year 2018
Ans. p. 141

108  Scholarship Biology: Chapter 4

 978-1-988586-39-7 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.

C
H

A
PTER

 4

Schol Bio AME 2020.indb   108Schol Bio AME 2020.indb   108 11/06/20   12:07 PM11/06/20   12:07 PM



 978-1-988586-39-7 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.

Chapter 1:  Evolutionary patterns and 
processes

Self-check Questions
1. Environmental factors

 •  Geographical isolation – stopping gene flow/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 flow 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 
definition, 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 diversity compared with the European sparrows.

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

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

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

p. 9

 •  Toads able to move/migrate faster (i.e. more powerful 
legs) will occur through natural selection. These toads 
are the fittest, 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 fittest.

 •  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 fitness of 
males if their size/colour/length/etc. makes it more 
difficult for them to move/fly/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 
will increase the chances of homozygous recessive 
genotypes occurring, so the incidence of blindness will 
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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 
beneficial.

 •  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 flow. As the population is small, any 
such migration is likely to have a significant effect on 
allele frequencies.

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

Scholarship Questions

Question One: Catfish and cichlids
Your answer needs to address both bullet points (BPs). In the first 
BP you need to discuss both the evolutionary and the ecological 
processes that have contributed to the reproductive success and 
fitness of both the cichlid species (Simochromis diagramma and 
Haplochromis aeneocolor). In the second BP you need to evaluate 
the costs and/or benefits to both cichlid species and the catfish of 
maintaining these behaviours and relationships.

You will need to interpret the table and graphs provided in the 
resource material and provide data from these to support your 
answer.

Reproductive success is determined by the number of offspring 
produced (in current and subsequent generations).

Fitness refers to differential reproductive success – fitter individuals 
leave comparatively more offspring than less fit individuals.

Evolutionary and ecological processes that may act to determine 
the differences in reproductive success and fitness outcomes for the 
two cichlid species S. diagramma (SD) and H. aeneocolor (HA) 
could include the following. 

•	 Catfish and cichlid SD co-inhabit Lake Tanganyika and over 
time have co-evolved to ensure reproductive success for each 
species.

•	 Catfish is a brood parasite, laying eggs that another species 
(cichlid SD) incubates until hatching. This adaptation 
increases the reproductive success of the catfish, and therefore 
is selected for. Catfish that display brood parasitism had 
increased reproductive success, and therefore the alleles for 
this behaviour increased in frequency in the gene pool – these 
individuals were fitter.

•	 Brood parasitism reduced reproductive success in the cichlid 
SD, as the hatching catfish ate the cichlid embryos. This 
resulted in selection pressure for the cichlids to reject catfish 
eggs. Those that learnt to reject the catfish eggs were selected 
for, with consequent increased reproductive success. (Fig. 2a 
>80% of SD cichlids from Lake Tanganyika reject catfish 
eggs, compared with ~10% of HA cichlids from Lake George, 
where the catfish is not found.) These individuals were fitter, 
and therefore the frequency of their alleles increased in the 
gene pool.

•	 Co-evolution has occurred between the catfish and the 
cichlid SD in Lake Tanganyika, ensuring both species have 
sufficient reproductive success for the populations to survive:
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 –  catfish eggs occur in 5.5% of cichlid SD broods in 
Lake Tanganyika (Table 1) with ~10% of catfish broods 
surviving (Fig. 2c)

 –  while cichlid SD reject close to 50% of their own eggs 
during the process of rejecting catfish eggs (Fig. 2b), 
sufficient broods/offspring survive to continue the SD 
population.

•	 In comparison, cichlid HA does not co-inhabit with catfish 
either in Lake George or Lake Victoria (Table 1), and therefore 
has not co-evolved with the catfish. Therefore, there has been 
no selection pressure to evolve the behaviour to reject catfish 
eggs. As a result, when HA cichlids are exposed to catfish 
brood parasitism, only those previously exposed to catfish 
will reject the catfish eggs, and this is in comparatively small 
numbers (~10% compared with the ~80% of the SD cichlids 
that inhabit Lake Tanganyika – Fig. 2a). Consequently, a high 
percentage of catfish brood survives (~80% ) compared with 
the numbers of catfish brood surviving when co-habiting 
with cichlid SD (~10%). While this greatly improves the 
reproductive success of the catfish, it greatly reduces the 
reproductive success of the cichlid HA.

The costs and/or benefits to each of the three species could 
include the following.

Catfish

•	 Benefits relate to the behaviour of brood parasitism in which 
the cichlid SD incubates the catfish eggs. The eggs / catfish 
offspring benefit by being incubated in a warm, oxygenated 
environment that is free from predation. The cichlid eggs also 
provide the catfish hatchlings with a source of food. These 
factors greatly increase the survival rate of the young catfish. 
Adult catfish that display brood parasitism benefit by reduced 
chance of predation when compared with adults that have to 
guard their eggs until they hatch. Adults also have more time 
to forage/feed, so have increased nutrition and energy levels, 
which increases health/survival. Catfish that display brood 
parasitism have increased reproductive success, and therefore 
are ‘fitter’ than catfish that do not display brood parasitism.

•	 Costs relate to the development of egg rejection behaviour 
by the cichlid SD. The rejection of catfish eggs results in fewer 
catfish eggs being incubated and fewer young hatching. 
Therefore, the reproductive success of the catfish has been 
reduced.

Cichlid S. diagramma

•	 Benefits – no benefit to the cichlid.

•	 Costs – brood parasitism behaviour by the catfish reduces 
overall reproductive success of the cichlid compared with 
absence of brood parasitism. While the development of the 
behaviour of rejecting the catfish eggs results in reduced 
catfish eggs incubated, in the process the cichlid also rejects a 
significant amount of its own eggs (SD rejects just under 50% 
of its own eggs – Fig. 2b). Therefore, brood parasitism by the 
catfish reduces the reproductive success of the cichlid overall, 
but the impact is less than if the cichlid did not reject the 
catfish eggs.

Cichlid H. aeneocolor 

•	 Benefits – no benefit to the cichlid.

•	 Costs – very high when the catfish is introduced to the 
habitat of the cichlid, as the cichlid rejects very few of the 
catfish eggs (~10% by ‘experienced’ cichlids only – Fig. 2a). 
In doing so, the cichlid also rejects ~10% of its own eggs – 
Fig. 2b. As a result, ~80% of the catfish survive, suggesting 
that very few of the young cichlid survive. Therefore, the 
reproductive success of the cichlid in the presence of the 
catfish will be very low.
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