
This chapter covers AS 91603 (Biology 3.3); candidates are expected to have background knowledge from 
AS 91158 (Biology 2.6).

AS 91604 (Biology 3.4) considers the ways in which animals (only) respond to maintain a stable internal 
environment despite fluctuations in the external (abiotic) environment – i.e. the process of homeostasis. 
Only one of five control systems (selected from body temperature, blood pressure, osmotic balance, 
level of blood glucose, levels and balances of respiratory gases) is analysed. While aspects of homeostatic 
control are generic, each of the control systems is unique in structure and function. In the considered 
opinion of the author, the content of AS 91604 (Biology 3.4) does not lend itself to the current format 
of the Scholarship Biology exam nor the emphasis of the Biology Performance Standard on concepts of 
ecology, genetics, evolution. Therefore, AS 91604 (Biology 3.4) has not been included in this book.

The responses of both plants and animals to their external environment include:

• orientation in space – tropisms and nastic movements (plants); taxes, kineses, homing, migration 
(animals)

• orientation in time – annual, daily, lunar, tidal rhythms

• interspecific relationships – competition, mutualism, exploitation (herbivory, predation, parasitism)

• intraspecific relationships – competition, territoriality, hierarchical behaviour, co-operative interactions, 
reproductive behaviours.

The external environment includes both biotic and abiotic factors. It is essential that you know how and 
why a response occurs – essentially, this is explaining why the responses are adaptations to the organism’s 
ecological niche. A thorough knowledge of important ecological concepts is required.

Biological communities and the ecological niche
Ecology studies the relationships between organisms and their environment (biotic and abiotic). An 
organism is any living thing. A species is a group of organisms that interbreed to produce fertile offspring. 
Members of a species belong to the same gene pool and are reproductively isolated from other species. 
A population is a group of individuals of the same species that live together in the same area at the same 
time. A biological community is all the organisms that live within a defined area (such as a lake, forest, beach, 
grassland) and their inter-relationships (biotic factors). An ecosystem consists of a biological community 
together with its physical environment (abiotic factors). A managed ecosystem is one that is set up and 
controlled by humans, usually in the form of a type of farm. The organisms in a natural ecosystem are 
subject to natural selection; the organisms in a managed ecosystem are not subject to natural selection, 
as humans control the external environmental factors (e.g. biological and chemical control of pests (using 
pesticides) and weeds (using herbicides); control of supply of water, nutrients, light intensity, temperature) 
and also control which organisms will breed.

The availability of food and the actions of herbivores and predators are important in determining the 
presence and abundance of organisms in a (natural) biological community. In particular, predation is 
an important factor in controlling the size and density of populations of prey species. Organisms can be 
classified as producers, consumers, decomposers. Producers are able to synthesise organic compounds (‘food’) 
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from other chemicals using an energy source; most common are the green plants that use solar energy 
to combine carbon dioxide and water into carbohydrates in the process of photosynthesis. Consumers are 
unable to make their own food, so they depend on other organisms to supply their organic compounds. 
There are various groups of consumers, including herbivores, carnivores, omnivores, parasites, scavengers, 
carrion feeders, filter feeders, detritus feeders. Decomposers are also unable to make their own food; 
decomposers are certain species of fungi (includes moulds) and bacteria that feed on waste products and 
dead bodies, breaking them down (decomposition). This process releases the chemicals from the wastes 
and bodies into the soil which become nutrients for other life forms such as plants (nutrients obtained via 
the roots).

Producers start the food chains that exist in a biological community; producers are eaten by herbivores 
which in turn are eaten by carnivores. Food chains typically cross-link to form complex food webs within 
a community. Reduction in numbers or removal of a link in a food chain can have severe consequences 
on other organisms in the chain/web (e.g. food source removed or greatly reduced, predator reduced or 
removed). Similarly, the addition of a new organisms to the chain/link can have consequences for the rest 
of the chain (e.g. addition of a competitor, herbivore, predator). Chemicals entering the food chain can 
accumulate as they progress up the food chain/web. This occurs most obviously with toxins such as lead 
(Pb), and pesticides such as DDT, and neonicotinoids. It is the top carnivores/predators that accumulate 
the highest levels of those toxins in their tissues, and the effects can be very harmful, even lethal (refer to 
question on Californian condors (page ix)).

Environmental factors may be divided into abiotic (non-living or physical factors) and biotic (living) factors. 
Abiotic factors include temperature, light intensity, humidity, oxygen, carbon dioxide, minerals/nutrients, 
substrate, salinity, wind speed, pH, water. For any organism, certain abiotic factors play a more important 
role than others in its survival, and members of a species can only inhabit areas where the abiotic factors are 
within the range of physiological tolerance of the organisms. Biotic factors are the influences and interactions 
with other living organisms. These include competition (both intraspecific and interspecific), exploitation 
(herbivory, predation, parasitism), mutualism.

To be successful, all organisms need to survive and reproduce, contributing their alleles to the gene pool. 
The responses of plants and animals are adaptations for survival and reproduction, through:

• finding favourable conditions and avoiding unfavourable conditions

• ensuring supplies of oxygen, water, nutrients, energy, warmth

• reducing competition (both intraspecific and interspecific)

• avoiding predators / reducing herbivory

• finding a mate of the same species.

Organisms occupy an ecological niche. The niche is a combination of where the organism lives (its habitat) 
and how it lives there (its adaptations – structural, behavioural, physiological, life cycle). The niche reflects 
the role that the organism performs in the biological community that it is a member of. Each species has a 
unique niche.

• The fundamental niche for an organism is the niche that it would occupy if all the necessary 
environmental factors were present. The limits to the fundamental niche are set by the limits of an 
organism’s physiological tolerance to the abiotic factors (e.g. temperature, pH, salinity, type of substrate, 
light intensity, nutrient levels) of the environment.

• The realised niche is the actual niche that the organism occupies. It is not as extensive as the 
fundamental niche, with boundaries typically set by the biotic factors (e.g. predation, interspecific 
competition) of the environment. (Refer to question on barnacles page 38.)

Where different species overlap, interspecific competition occurs. The greater the overlap, the greater 
the competition. If the niches are sufficiently similar, Gause’s competitive exclusion principle applies in 
which one species outcompetes and so eliminates the other species. Such competition provides strong selection 
pressures for individuals to adapt to occupy slightly different niches, enhancing survival – e.g. evolution of beaks 
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amongst Darwin’s finches on the Galapagos Islands with subsequent niche differentiation was the result of 
intense interspecific competition for food.

The niche may change during an organism’s life cycle (e.g. in the case of insects and amphibians that 
undergo metamorphosis such that the adult lives in a different habitat, has a different form, eats different 
food, display different adaptations from the juvenile form (e.g. butterfly and caterpillar; frog and tadpole)). 
This decreases intraspecific competition.

Different (typically unrelated) species living in similar habitats are exposed to similar environmental factors, 
so are subject to similar selection pressures (i.e. natural selection). Therefore, they evolve to have similar 
adaptations and to occupy similar niches. Such species are known as ecological equivalents (and also display 
convergent or parallel evolution). A common example of this is seen with sharks (cartilaginous fish) and 
dolphins (mammals), both of which occupy a similar marine habitat and are exposed to similar selection 
pressures – therefore they have evolved similar shapes (streamlining for effective swimming) and structures 
(e.g. tail fins/flukes for propulsion).

Mako shark Common bottlenose dolphin 

Empty or vacant niches – refers to the situation when an organism moves into a new environment and 
niches are ‘available’, or when existing organisms become extinct so their niches are now available to be 
‘filled’. The habitat offers new opportunities to organisms moving in; natural selection will operate to adapt 
the organisms to the habitat. Organisms evolve to ‘fill’ these niches as they adapt to the environment 
(through natural selection) and the opportunities (e.g. new food sources) the new environment offers. 
(Refer to question on New Zealand bats, page 30.) When humans introduce a species into a new country or 
area, the species may fill empty niches by exploiting opportunities (e.g. new food sources) not available in 
its original country. In doing so, the species often becomes a pest (e.g. possums, stoats in New Zealand).

Scholarship Question
Both the following question and all other questions in this chapter are 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 or 5 sides of A4 paper. Give your completed essay to your teacher 
for their feedback.
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Question One: Ecological niche of barnacles
Barnacles are filter feeders that populate the coastlines of countries around the world. Fertilisation is 
external, and microscopic larvae develop. The larvae live for a time as plankton in the surface layer of the 
sea before settling and cementing onto rocks, where they metamorphose into the sessile adults.

The adults of two species of barnacle, Chthamalus stellatus and Balanus balanoides, are found on rocks in 
the inter-tidal zone of exposed shores in Scotland. Chthamalus, the smaller of the two barnacle species, is 
found in the upper tidal zone, whilst the larger Balanus extends to the low-tide mark. If Balanus is absent, 
Chthamalus can grow throughout the inter-tidal zone.

Predators of the adult barnacles are found throughout and below the inter-tidal zone. Predatory starfish are 
predominantly found below the low-tide mark, whilst predatory whelks and fish may feed in the intertidal zone.

Algae are dominant below the low-tide mark.

Chthamalus

Balanus

Niche range

Chthamalus

Balanus

High tide

Low tide

Ocean

Fundamental 
niches

Realised 
niches

Discuss how different biotic and abiotic factors act to determine the fundamental and realised niches 
of these two species, Chthamalus stellatus and Balanus balanoides.

Year 2007
ans. p. 134
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Orientation responses – timing
The environment displays regular cycles based on the movement of the Earth and moon – e.g. Earth rotates 
on its axis every 24 hours (a day), causing day and night; the tilted Earth orbits the Sun every 365.25 
days (a year), causing seasonal changes in day length and temperature; the gravitational pull of the moon 
orbiting the Earth causes tides on Earth (with approximately 12 hours between successive high tides and 
low tides).

Organisms use environmental cues to set their activity patterns/rhythms. Daily, tidal, lunar, annual rhythms 
are entrained by these cues acting on the internal (‘biological’) clock, so an organism’s behaviour assumes 
the period of the environmental factor. The periodicity of the rhythm (known as the free-running period) only 
becomes apparent in the absence of the environmental factor (i.e. in constant conditions). These rhythms 
are endogenous, and include the following.

• Circatidal rhythm – response exhibits a period of about 12 hours/tide. ‘circa’
means 
about

• Circadian rhythm – response exhibits a period of about 24 hours/day.

• Circasemilunar rhythm – response exhibits a period of about 15 days.

• Circalunar rhythm – response exhibits a period of about 30 days/month.

• Circannual rhythm – response exhibits a period of about 365 days/year).

In contrast, tidal, daily, semilunar, lunar and annual rhythms are all dependent on the environmental cues 
that entrain the rhythm – thus they assume the period of the environmental factor. 

Endogenous timing responses are innate (i.e. genetically controlled – ‘instinctive’ responses) and controlled 
by an internal (biological) clock. The clock indicates to the organism time for onset (and offset) of 
the activity; clock set by environmental cues called zeitgebers, e.g. onset of day or night, changes in 
photoperiod, phases of the moon, increases and decreases in environmental temperature. In activities such 
as annual migrations and hibernations, the clock may indicate need to physiologically prepare for the 
activity, e.g.:

• moulting and replacing of feathers, especially flight feathers

• development of breeding colouration

• deposition of fat layers

• maturing of the sex organs.

In travel over long distances, a clock allows an animal to compensate for movement of navigation aids such 
as sun and stars, so animal is able to stay on course. Changes in seasons produce corresponding changes in 
zeitgebers. For example, daybreak is later in winter than it is in summer, so diurnal animals in winter start 
activity later than they do in summer – the clock is reset to the new time of daybreak (see Fig. 3 in the 
question on New Zealand bats, page 30).

Activity patterns may be recorded on an actogram. When all zeitgebers are removed such that organism is 
in constant environmental conditions, onset of activity tends to move forwards (or backwards) from day to 
day. Period of the activity under these conditions is called the free-running period – may be greater or less 
than 24 hours (seen on actogram as start of activity moving forwards or backwards). If constant conditions 
persist, activity pattern typically breaks down and activity becomes arrhythmic. However, if a zeitgeber is 
reintroduced (e.g. onset/offset of light), then onset of the activity will phase shift, i.e. move forward (or 
backward) a small amount each day until onset of activity becomes synchronised with the new zeitgeber. 
The activity is now entrained to the zeitgeber. To test whether activity patterns are under endogenous 
(internal) or exogenous (external) control, it is necessary to expose an organism to constant conditions 
(i.e. remove all possible zeitgebers) and observe whether the activity pattern continues. If it continues in 
its normal pattern (but with a free-running period), then the activity is under endogenous control (i.e. an 
internal clock is acting).
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The adaptive significance of endogenous control of activity is it allows an organism to predict onset 
of favourable environmental conditions (e.g. daytime for diurnal animals; night-time for nocturnal 
animals); may also allow organism to prepare for the activity (e.g. migration and hibernation). This allows 
organism not only to avoid unfavourable conditions, but to take maximum advantage of the favourable 
conditions. For example:

• animals can predict incoming tide so can begin feeding straight away – allows maximum feeding time 
(circatidal activity)

• animals can predict daybreak – able to begin searching for food and therefore maximise feeding time 
and hence success (circadian activity)

• animals can predict spring high tides of the full moon – maximising chances of successful reproduction 
utilising high tides (circalunar activity)

• plants can predict the best time of year for flowering – flowers mature and ovules/pollen ripen in 
favourable conditions and when pollinators are active (circannual activity); this facilitates successful 
fertilisation, hence successful reproduction.

Therefore, activities are synchronised with:

• favourable environmental conditions, so facilitating successful feeding/avoidance of predators/
dehydration/reproduction, etc.

• other members of the species, so facilitating successful mating and hence reproduction. 
Synchronisation may also be with other species (e.g. flowers opening when their pollinators – such as 
bees – are active, ensuring successful pollination/mating for one and successful feeding for the other – 
an example of co-evolution, in which adaptations of one species provides stimulus (acts as a selection 
pressure) for a comparable adaptation in another species).

Self-check Question
The following question (and those that occur 
later in the chapter) are for you to test your 
knowledge and write short discussions on 
aspects of plant and animal responses. Lines 
are provided for your answers. It is suggested 
that you use these lines for bullet points to 
cover the biological content, then use your 
own paper to write the bullet points into a 
fuller discussion – this could take 1–2 pages.

1. The diagram is an actogram of the 
activity of a cockroach under laboratory 
conditions. Recordings were made for 
21 days. Prior to, and including, day one, 
the cockroach was exposed to a 
12:12 L:D regime. On day two, the 
twelve hours of darkness were moved 
earlier by 9 hours. On day 15, the 
cockroach was exposed to continuous 
darkness for the rest of the experimental 
period.

ans. p. 134Light regime
Day 1

Days 2–14

Days 15–21

Day 1

Day 10

Day 15

24 hours

light

light
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Discuss the activity patterns and the changes in them displayed by the cockroach over the 21 days of 
the experiment.

 

 

 

Rhythmic activity in plants
Rhythmic activity in plants is less common than it is in animals. However, some plants display daily rhythms 
in the opening and closing of their flowers (e.g. the night-scented jasmine, pollinated by moths, opens 
at night (and emits a strong perfume) and closes during the day). Annual rhythms are displayed by many 
plants (e.g. production of flowers, loss of leaves by deciduous trees). Many annual rhythms are in response 
to changes in the photoperiod (i.e. the length of daylight during a day / 24-hour period). Flowering in 
plants may be induced by the length of the photoperiod and plants may be placed in one of three groups.

•  Short-day plants (SDPs) are plants that need a period of long nights before they are able to flower – i.e. 
they need a photoperiod of less than a certain critical day length (CDL) before they can flower (e.g. if 
a species has a 10 hours CDL, then it needs a night of 14 hours before it will flower). SDPs flower in 
autumn, winter or early spring – e.g. chrysanthemums, poinsettias, dahlias.

•  Long-day plants (LDPs) are plants that need a period of short nights before they are able to flower – i.e. 
they need a photoperiod of greater than a certain critical day length (CDL) before they can flower (e.g. 
if a species has a 14 hour CDL, then it needs a night of 10 hours before it will flower). LDPs flower in 
summer – e.g. petunias, gladioli, radish.

•  Day-neutral plants – plants that flower independently of the length of photoperiod (e.g. carnations). Many 
plant species that we identify as ‘weeds’ are day-neutral plants.

The ability of plants to respond to the photoperiod is controlled by a light-sensitive pigment called 
phytochrome. Phytochrome can exist in two interchangeable states:

• Pred (or Pr) that absorbs red light (wavelength 665 nm) and is the inactive form of phytochrome

• Pfar-red (or Pfr) that absorbs far-red light (wavelength 725 nm) and is the active form of phytochrome.

Red light (present during daylight) converts phytochrome to Pfar-red, while far-red light (present during 
darkness) converts phytochrome to Pred. During the night, Pfar-red slowly converts to Pred – it is believed 
that this slow conversion may act as a clock for the plant. Therefore, when the day is long enough Pfar-red 
accumulates and long-day plants flower. When the night is long enough, Pred accumulates and short-day 
plants flower.

 978-1-990038-30-3 © Copying or scanning from ESA books is subject to the provisions of the Copyright Act 1994.
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Orientation responses – space

Orientation
Orientation responses are innate. tropisms and nastic movements are exhibited by plants. taxes and 
kineses are exhibited by animals (or any organism capable of movement such as protists, also the sperm of 
various species).

tropisms are growth responses towards (positive) or away from (negative) an external stimulus. Direction of 
stimulus determines direction of the movement. Stimulus may be light (phototropism); water (hydrotropism); 
chemicals (chemotropism); gravity (geotropism or gravitropism); touch (thigmotropism).

Tropic responses are controlled by the hormone auxin.

taxes are movements towards (positive) or away from (negative) an external stimulus. Direction of 
stimulus determines direction of the movement. Same stimuli and therefore same prefixes apply as for 
tropisms. Taxes are rapid movements.

Nastic movements are movements of parts of a plant (e.g. leaves) in response to changes in intensity of 
an environmental stimulus and not its direction. Therefore, a nastic response is not a directional response 
towards or away from the stimulus, so terms ‘positive’ or ‘negative’ do not apply. Nastic responses recorded 
to changes in intensity of temperature (thermonasty, as in opening and closing of the flowers of some 
species); touch (haptonasty, as in closing of leaves of Venus fly traps when insects touch them; also collapse 
of Mimosa leaves when touched); light (photonasty, as in opening of flowers of some species at dusk). 
Nastic movements are rapid, tropisms are slow.

Kineses are movements of animals (and other motile organisms, e.g. protists) in response to changes in 
intensity of a stimulus. Therefore a kineses is not a directional response, so terms ‘positive’ or ‘negative’ 
do not apply. In kineses, rate of movement changes in response to change in the stimulus (or rate of 
turning of the movement) – e.g. movement of slaters when exposed to the light when the bark that they 
are huddling under is disturbed.

adaptive significance of majority of responses is to move organism into favourable conditions (and out 
of unfavourable/harmful ones) – e.g. plant stems growing towards light maximise rate of photosynthesis; 
slaters moving back into dark (and damp) conditions reduce dehydration; opening of evening primrose 
flowers at night attracts night-active pollinators (e.g. moths).

homing – response in which an animal regularly returns to a nest site (such as a place to spend the night), 
or a breeding nest/colony. To do this successfully, the animal must be able to navigate – methods include:

• sun compass

• star patterns

• polarised light patterns

• landmarks

• Earth’s magnetic field

• water currents

• chemical trails.

If the navigation is over a long distance, an internal (biological) clock is necessary to compensate for changes in 
movement of sun and stars to allow the animal to travel a straight course.

Migration – movement of members of a species from one geographical location to another (isolated) 
geographical location. Typically, migration is an annual cycle, with organisms migrating between breeding 
and feeding grounds in two different parts of the world (e.g. bar-tailed godwit breeds in Siberia or Alaska 
then migrates to NZ or Australia to feeding grounds) or within a country (e.g. wrybill breeds in South 
Island river valleys, then migrates to feeding grounds of northern sheltered harbours in North Island). 
For long-distance migrations to have evolved and to continue to exist, (adaptive) advantages must outweigh 
disadvantages.
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Scholarship Questions

Question Two: The blackcaps
Blackcaps are small songbirds found throughout Europe. 
A large population of blackcaps inhabits the forests of 
Germany. 

These blackcaps have typically migrated southwest over 
two mountain ranges to overwinter in Spain, where they 
feed on fruits and berries. However, since the 1960s, 
blackcaps have been seen in Britain after migrating 
northwest from Germany. The number of blackcaps 
migrating to Britain has increased and today about 
10% of the German population migrate there, instead 
of to Spain. In Britain, the blackcaps feed on birdseed 
provided by local bird-lovers. 

In spring the birds from both Britain and Spain leave at the same time to fly back to Germany to the same 
breeding grounds. On arrival they select a mate for that season and breed. 

Hybridisation has been recorded between the two 
groups (those that fly to Britain and those that fly to 
Spain) but is very rare. These hybrids migrate in a 
direction about halfway between the routes of their 
parents. 

Scientists have found that the migratory behaviour of 
the two groups is causing them to evolve separately and 
already genetic differences are evident. For example, 
the British group has narrower, longer beaks and also 
rounder wings (increases ability to manoeuvre). Also the 
British migrants have browner backs and beaks while the 
Spanish migrants are greyer.

Discuss reasons for the change in migratory behaviour and the impact this is having on the evolution of 
these blackcaps.

Year 2012
ans. p. 134

Germany
summer

Spain
winter

Britain
winter
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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 
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