
The Assessment Specifications for Scholarship Biology state that candidates must ‘analyse biological 
contexts and use ecological, genetic, and evolutionary concepts to integrate biological knowledge and 
skills into an extended answer’. It is therefore essential that all Scholarship candidates have a confident 
knowledge of genetics from the following.

• Level 1 Science – AS 90948 (Science 1.9 ‘Demonstrate understanding of biological ideas relating to 
genetic variation’).

• Level 2 Biology – both AS 91157 (Biology 2.5 ‘Demonstrate understanding of genetic variation and 
change’) and AS 91159 (Biology 2.7 ‘Demonstrate understanding of gene expression’).

• Level 3 Biology – AS 91607 (Biology 3.7 ‘Demonstrate understanding of human manipulations of 
genetic transfer and its biological implications’). From the content of AS 91607, you need to have 
a confident knowledge of how the following genetic manipulations are carried out and which 
biological situations they are used in, and be able to analyse the biological implications from using that 
manipulation in any given situation:

– selective breeding
– whole organism cloning
– transgenesis.

Background
Genes are the units of inheritance, found on the chromosomes and made of the molecule DNA. 
Chromosomes exist as homologous pairs. Genes found at the same locus on a homologous pair of 
chromosomes have the genetic code (the sequence of bases on the DNA molecule) for the same characteristic. 
Genes that occur on the same chromosome are said to be linked as they are inherited together (unless 
crossing over occurs to separate them). Alleles are different forms of a gene (have slightly different base 
sequences of DNA) and determine the particular traits or variations of the characteristic. A gene is that length 
of DNA that has the code for a particular protein (or polypeptide), with a sequence of three bases (a triplet) 
coding for an amino acid. The code is transcribed onto mRNA (codons match triplets) in the nucleus of the 
cell then translated into polypeptide chains of proteins by the ribosomes and tRNA (anticodons of tRNA match 
codons of mRNA at the ribosomes) in the cytoplasm of the cell. Translation ends when one of the three ‘stop’ 
codons occurs on the mRNA strand and the complete polypeptide chain becomes (part of) an actual protein.

Enzymes are an essential group of proteins which act as biological catalysts controlling each and every step 
in metabolic pathways. Enzymes are specific in their action – i.e. each enzyme catalyses only one type 
of reaction. A metabolic pathway is a series of enzyme-controlled steps in which a reactant (or substrate) 
is converted into a product which becomes the reactant for the next step in the pathway until an end 
product is reached. For example, part of the metabolic pathway for the synthesis of the essential amino acid 
phenylalanine is as follows:

Enzyme 1

Chorismate Prephenate Phenylpyruvate Phenylalanine

Enzyme 2 Enzyme 3
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Metabolic pathways are linked into networks through shared substrates; there are many complex pathways 
for carbohydrate, lipid and protein metabolism. Each reaction in a pathway is controlled by a specific enzyme 
which is the product of an expressed gene.

Gene mutations occur randomly in DNA during replication with a base in a triplet being deleted, inserted, 
or substituted for another base (whole triplets may be deleted or duplicated too). Mutations occur 
spontaneously and not as a result of a perceived need in an individual. Substitution is usually the least harmful 
of the gene mutations, as it may not cause a change in the amino acid sequence (from code degeneracy), 
or a different amino acid may not affect the biological function of the protein (e.g. for an enzyme, the 
active site for catalysis is unaffected). However, the different amino acid may result in the protein not 
being able to carry out its biological function (e.g. if the active site of the enzyme is affected). Deletion 
and insertion are typically the most damaging mutations, as they produce a reading frameshift, so that all 
triplets, hence all amino acids, after the site of the mutation are affected – with the usual outcome being 
early termination (if a ‘stop’ codon results) and therefore typically no functional protein is formed. If the 
protein is an enzyme which has a catalytic function damaged by the mutation, then the metabolic pathway 
it operates in will cease at this step and the product prior to the step will accumulate while the product(s) 
after the step will not be formed, resulting in a deficiency. For example, in the preceding (see page 61) 
metabolic pathway for the production of phenylalanine, if Enzyme 1 is not produced or not functional as a 
result of a mutation in the gene that encodes it, then the substrate chorismate will accumulate while there 
will be a deficiency of prephenate, phenylpyruvate, and phenylalanine.

Gene mutations form new alleles so provide the raw material for evolution. To be inherited, a gene mutation 
must occur during the formation of the gametes (not in the gamete), and that gamete must be fertilised and 
form a zygote – the new allele now becomes subject to natural selection. Beneficial/favourable mutations 
expressed in the genotype (i.e. produce adaptations that enhance fitness) will be selected for, so will increase 
in frequency in the gene pool while harmful/unfavourable mutations expressed in the genotype will be 
selected against and will not become established in the gene pool. Neutral (or ‘silent’) mutations will not be 
selected either for or against, and their frequency in the gene pool will be determined by chance / genetic 
drift. While mutated alleles are typically recessive, they can be dominant (see question on Munchkin cats 
page 70); dominant alleles are always expressed in the phenotype when present in the genotype. Mutated 
recessive alleles may be ‘carried’ in heterozygous phenotypes and not expressed until occurring together in 
the homozygous genotype (see question on condors, page ix, question on bulldogs, page 74).

DNA in the genome can be recognised as coding or non-coding. Coding DNA is that part that has the 
genes which code for proteins (humans have about 30 000 genes), while non-coding DNA is that part that 
has the ‘switches’ which turn genes ‘on’ or ‘off’ (this part of DNA has previously been called ‘junk’ DNA); 
i.e. non-coding DNA determines which genes are expressed (‘turned on’) or not expressed (‘turned off’) at 
any one time. Gene mutations can occur in both coding and non-coding regions; those occurring in non-
coding regions may alter gene expression by causing a change in the ‘switches’. For example, a mutation 
in the non-coding region of DNA associated with switching off the gene that codes for the enzyme lactase 
(which catalyses the breakdown of lactose – the sugar in milk) when a baby is weaned has resulted in the 
production of lactase into adulthood (the gene is still expressed), allowing adults to digest the lactose in 
milk throughout their lives (see question on Lactase persistence, page 105).

Alleles for a gene may display complete dominance, co-dominance, incomplete dominance. The 
genotype is determined by which two alleles are present at the locus of the gene; their expression results 
in the phenotype. If both alleles are the same, the individual has a homozygous genotype; if the two 
alleles are different, the individual has a heterozygous genotype. Individuals which are homozygous are 
pure breeders as they can only pass on the one type of allele to their offspring; individuals which are 
heterozygous are non-pure breeders as they can pass on either (and different) alleles to their offspring.

• Complete dominance occurs when the presence of one allele (the dominant allele) in the genotype 
masks the presence of the other allele (the recessive allele), so that the dominant allele is always 
expressed when present in the genotype. For example, in a cross between red × white, all the offspring 
would be red if red was the dominant allele (and vice versa).
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• Incomplete dominance occurs when neither allele is dominant, therefore both contribute information to 
the offspring which tends to be an intermediate (or blend) between the two parents. For example, in a cross 
between red × white, all the offspring would be pink, the intermediate colour between red and white.

• Co-dominance occurs when both alleles are dominant so that both are expressed in the offspring. For 
example, in a cross between red × white, all the offspring would be red and white (broken colour or 
patches of both colours).

It is important not to confuse dominance with commonness – e.g. an allele does not become ‘more 
dominant’ in the population; however, it may become ‘more common’ in the population. How common an 
allele is in the gene pool (i.e. its frequency) is determined by natural selection. If an allele gives an individual 
an adaptive advantage, then the allele is selected for as the individual has increased fitness and will increase 
in frequency in the gene pool (become more common).

Multiple alleles occurs when there are more than two possible alleles for any particular gene (e.g. the ABO 
inheritance of human blood groups has three alleles IA, IB and i, in which IA and IB are co-dominant while 
i is recessive to both IA and IB). Lethal alleles occur when an individual inherits a (typically) homozygous 
recessive genotype resulting in a phenotype that means that the individual does not survive, usually dying 
as an embryo or in the early years of the life (see the chondrodystrophy allele/genotype in the question on 
condors on page ix).

Genetically modified organisms (GMOs) are organisms that have had their genetic material modified 
in some specific way by humans to meet our needs and demands – e.g. inserting a foreign gene (from 
another species) into the genome of an individual in transgenesis.

Genetic manipulation refers to the different ways/techniques that humans may use to deliberately alter 
the genetic composition of organisms to produce organisms with characteristics that we desire. Specifically, 
AS 91607 (Biology 3.7) considers the manipulations of selective breeding, transgenesis, whole 
organism cloning, and various ways in which we can manipulate the expression of genes. Each of these 
manipulations (dependent on the case study) may have specific biological implications (often negative) in 
any/all of the following areas:

• ecosystems

• genetic diversity

• health and survival of populations

• evolution of populations.

When discussing biological implications, you need to take into account that humans selectively 
breed organisms for our purposes and they are contained within managed ecosystems. We control the 
environment in managed ecosystems, so remove (natural) selection pressures from acting on the plants and 
animals we are breeding and cultivating. Therefore, evolution is being controlled by humans – in contrast 
to natural ecosystems, in which organisms remain subject to natural selection.

Modification of expression of existing genes
Each cell switches on, or expresses, only a fraction of its genes. Genes are 
switched on and off during development of the individual – e.g. a stem 
cell becomes a functional muscle cell instead of a functional neuron. The 
same genome can produce strikingly different body shapes (known as 
phenotypic plasticity) – this is seen in the very different body forms of a 
larval and adult butterfly of the same species. These differences in body 
forms are the result of gene expression.

Gene regulation most commonly occurs at the level of transcription. 
Methylation of DNA (adding the methyl group, CH3) is a common method 
of switching a gene off (the gene is not transcribed, so is silenced) so that 
it is not expressed in the genotype. The extent of methylation (heavy Larva, pupa and adult monarch 

butterfly (Danaus plexippus)
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methylation will switch off a gene) is a factor in epigenetics – the regulation of gene expression by factors 
in the internal environment such as levels of nutrients (from diet), hormones, temperature. Scientists can 
therefore modify the internal environment of an organism and switch off a gene, preventing it being 
expressed (also known as gene knockdown) – e.g. New Zealand AgResearch scientists have been able to 
‘knockdown’ the gene in cows that produces the protein BLG, resulting in milk that lacks this protein (BLG 
provokes an allergic reaction in some babies).

Biological implications may include:

• (unexpected) results from the effects on the expression of other genes – these effects may be 
harmful or beneficial to the individuals (e.g. milk with higher than normal casein levels produced by 
‘knockdown’ cows may have a positive effect on their calves if the milk is more nutritious so the calves 
grow faster/bigger or are healthier than other calves (or the opposite if the higher casein levels have a 
negative effect on the calves))

• effects on biodiversity from the presence of these organisms in natural ecosystems is likely to be similar 
to those from the presence of selectively bred and/or transgenic organisms (see the sections that follow 
for more information on this).

Selective breeding
In natural selection, environmental factor(s) determine which phenotype(s) will be successful, breed and 
pass on their successful alleles to the next generation (these are the fittest individuals). These successful 
alleles increase in frequency in the gene pool (at the expense of the unsuccessful alleles, which decrease). 
In artificial selection, humans select the phenotypes of individuals that will breed, and it is the alleles from 
these individuals that will increase in frequency in the gene pool – commonly known as selective breeding. 
Individuals with desirable traits are bred together to increase the chance of the offspring having the same 
desirable traits. (Be aware that selective breeding does not cause mutations; mutations occur spontaneously 
during DNA replication.) Homozygous genotypes are developed by inbreeding and test crossing to produce 
pure breeders. As a result, most domestic species of animal (e.g. cattle, sheep, horses, cats, dogs) have many 
different breeds. Selective breeding can be carried out by anyone, without specialised equipment, but it 
involves trial and error so takes (a long) time (and money) and the outcome is not guaranteed. Genome 
analysis (which involves determining the locus and base sequence of all an individual’s genes) is now 
being used as a tool in selective breeding to identify individuals with desirable traits, which are then bred 
together. This greatly increases the success rate of producing offspring with the desirable alleles/traits. Both 
artificial insemination (AI) and embryo transfer are also used to facilitate selective breeding programmes.

Biological implications may include the following.

• Inbreeding is the breeding of closely related individuals (e.g. siblings). It is often done by humans with 
domesticated species to increase the chances of the offspring inheriting desirable alleles. However, this 
also increases the chances of bringing together harmful recessive alleles (e.g. from gene mutations) 
which reduces the fitness of the species/breed/cultivar/variety (known as inbreeding depression). 
The individual has a homozygous recessive genotype resulting in a genetic disorder (e.g. question 
on bulldogs, page 74). To reduce inbreeding depression and reduce/eliminate genetic disorders, 
outbreeding (breeding with an unrelated individual / individual from another breed) is needed. The 
offspring may display hybrid vigour (i.e. has characteristics that are superior to those of the parents so 
has improved fitness).

Note the difference between inbreeding and interbreeding in this context. Inbreeding is the 
breeding of closely related individuals, while interbreeding is the breeding of individuals from different 
breeds or species (i.e. are not closely related) resulting in hybrid offspring.
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Hip dysplasia in a Labrador retriever; left hip  
(right side of X-ray) is worse – head of femur does not 
fit completely in socket of pelvis, so is easily displaced.

Normal hips – head of femur 
fits snuggly in socket of pelvis.

Hybrid vigour is seen in the coywolf –  
a cross between coyote and wolf with some 
dog genes too; highly successful, displays 
behavioural traits of both ancestors and has 
spread rapidly and extensively along the 
eastern seaboard of North America.

• Reduction in genetic diversity – as the range of alleles in the gene pool is reduced, the species/breed is 
more at risk of the spread of disease; increased chance of extinction, especially in monocultures (e.g. 
Cavendish bananas).

• Selectively bred organisms, if released (by accident or design) from managed ecosystems into natural 
ecosystems, may outcompete wild types, so reducing the biodiversity of ecosystems with flow-on 
effects through food chains.

• Selectively bred organisms in managed ecosystems have their evolution controlled by humans and not 
by natural selection. Their evolution can be much faster than in nature – e.g. large number of different 
breeds within animal species, large number of varieties/cultivars within plant species (especially when 
combined with modern genetic manipulations such as genome analysis (embryos) and transgenesis).

• Selectively bred and managed organisms are typically much healthier and live longer (greater breeding 
opportunities) than those in natural ecosystems, as they are supplied with all nutrients needed, predators 
and pests are controlled, shelter provided.

Scholarship Question
Both the following 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: Selective breeding of bananas
‘Banana’ is the common name for the plants and the fruit of the genus Musa. It is the fourth most 
important food crop in the world after rice, maize and wheat. Banana plants reproduce asexually by sprouts 
or suckers. The fruit of the modern-day banana are seedless, but ‘wild’ banana species produce seeds.

Many different species of banana exist today, all of which are descended from one or other of the ‘wild’ 
Asian species: 

  Musa acuminata (AA: 2n = 22) 

  Musa balbisiana (BB: 2n = 22) 

both of which can reproduce sexually and asexually.

Fruits of ‘wild’ bananas have numerous large, hard seeds.

Today there are a number of different banana cultivars (cultivated varieties) within each different species.

Examples of modern-day cultivars found in six different species of banana

Species Genome Cultivars

AA Sucrier

Jari Buaya

AAA Gros Michel

Grande Naine

Cavendish

BB Abuhon

Chuoi Hot Qua Lep

AB Njalipoovan

ABB Awak

Pelipita

AABB Kluai Ngoen

Year 2009
Ans. p. 126
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Cultivars of banana species showing variation in size and colours when ripe 

Export bananas are popular, partly because they are produced all year round and can be picked when 
unripe. Ripening of fruit is stimulated by ethylene gas, which is produced in, and released from, the cells of 
the fruit. When unripe bananas reach their destination, they are placed in special airtight rooms, which are 
then filled with ethylene gas to induce ripening.

Ripened Cavendish bananas in a New Zealand grocery shop

Discuss the following.

•   The sequence of events and processes that have resulted in the three different species of banana 
with the following genomes, arising from the original ‘wild’ species of banana: 

  AAA 

  AB 

  ABB 

 Use annotated flow diagrams to support your answers.

•   The genetic processes that could have occurred to produce the different cultivars of Gros Michel, 
Grande Naine and Cavendish within the one species of the AAA genome.
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planning page
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Transgenesis
transgenesis is the transferring of gene(s) from one species into another species (not within a species). Using 
restriction enzymes, the gene of interest (or foreign gene) is removed from the DNA of the organism that 
contains it and then cloned using vectors such as bacterial plasmids. The DNA of the plasmid is cut using 
the same restriction enzyme, and the foreign gene is inserted into this DNA using the enzyme ligase 
(ligation) – this plasmid DNA is now recombinant DNA. This technique is used in making dicotyledon plants 
transgenic using the bacterium Agrobacterium tumefaciens. However, other methods such as protoplast 
fusion and ‘gene guns’ are usually needed to get the foreign gene into monocotyledon crop plants to 
make them transgenic. In animals, pro-nuclear or ‘micro’ injection is used (there are other techniques) 
in which the foreign DNA is injected directly into the ovum of the host prior to fertilisation so that the 
zygote that forms has the foreign gene/DNA. In all these cases, the foreign gene may now be expressed in 
the phenotype of the host organism, but currently the success rate is low, especially in animals. Biological 
implications may include the following.

• Risk of horizontal gene transfer from transgenic organisms in managed ecosystems into organisms in 
natural ecosystems – especially if transgenic organisms are released (deliberately or accidentally) into the 
wild – may have a significant effect on composition and biodiversity of natural ecosystems, especially if 
transgenic organisms outcompete wild organisms. If horizontal gene transfer occurs between herbicide-
resistant transgenic plant species and weed species, the weeds then cannot be controlled by herbicides 
and so are likely to ‘take over’ managed and natural ecosystems with huge reduction in biodiversity.

• Organisms are often made transgenic so that they grow faster, bigger, stronger and/or produce more 
offspring than wild types, therefore may outcompete the wild types if released into natural ecosystems 
with subsequent reduction in biodiversity.

• When transgenesis is combined with selective breeding, the biological implications of selective breeding 
may also applicable (see page 64); similarly cloning (see below).

Cloning (whole organism)
Cloning produces genetically identical organisms rapidly. It involves growing a whole organism from one 
or a few cells, and is designed to quickly and efficiently get many identical copies of organisms which 
have desirable traits, especially organisms made transgenic. The resulting cloned populations lack genetic 
variation compared with other populations of that species. As with transgenesis, plants are easier to clone 
than animals. In plant tissue culture, individual cells or a small piece of tissue (the explant) are removed from 
the plant to be cloned and placed on a sterile medium containing nutrients and hormones. Cell division 
and growth are stimulated, and a mass of unspecialised cells develops (a callus). Treatment with growth 
hormones results in the callus developing into a seedling which is then planted out. In animals, somatic 
cell(s) are removed from the animal to be cloned, as well as an unfertilised ovum, which is then enucleated. 
The somatic cell and ovum, placed together on a medium, are subjected to an electrical pulse that causes 
the two cells to fuse. A further electrical pulse causes the fused cells to begin division (mitosis). After a few 
days of growth, the mass of cells is transplanted into the uterus of a suitable surrogate mother, where the 
embryo develops and is born like any normal animal. Biological implications may include the following.

• Cloning produces individuals that are genetically identical (including gender), so a population of cloned 
individuals lacks genetic diversity so all are similarly prone to the effects of environmental change – 
especially introduction of (new) pathogens and parasites. Therefore, at greater risk of extinction.

• Any genetic disorder (recessive homozygous genotype with harmful alleles from gene mutations) 
within the genome of the parent will be present in the cloned offspring.

• When cloning is combined with transgenesis and/or selective breeding, the biological implications of 
these manipulations may also be applicable (see above and page 64).
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Scholarship Questions

Question Two: Munchkin cats
In 1983 a woman in America discovered a pregnant cat with very short legs (see below). The short legs 
were later found to be the result of a mutated allele, which caused the shortening and bowing of the long 
bones. A similar effect is seen in the corgi and dachshund dog breeds.

When the cat gave birth, half the litter of kittens had the very short legs and half had normal legs. Selective 
breeding was used to establish a population of pure-breeding short-legged cats, as molecular biology 
techniques such as transgenesis and cloning were not yet advanced enough to be used. This breed of cat is 
now known as Munchkin.

A Munchkin cat

a.  Explain how each of the following methods could have been used to produce the Munchkin breed 
from the original female cat:

 i. selective breeding

 ii. genetic manipulation.

b.  Compare and contrast the effectiveness of using selective breeding with genetic manipulation to 
produce a new breed of animal such as the Munchkin cat.

Year 2005
Ans. p. 126
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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 

Answers and explanations
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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 
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: 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 fish (the Bald notothen and the Threadfin pithead).

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

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

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

•  Arctic and Antarctic fish – 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 fish at or 

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

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

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

•  Vacant niches – in Antarctic, mass extinction of fish species 
without the AFGP gene as water cooled provided many available 
niches for the notothenoid fish 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 Threadfin pithead). 
As fish diverged, reproductive isolating mechanisms saw 
formation of many different species. Note: No data available 
for Arctic cod.
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Question Two: New Zealand bat species
 Your answer needs to address both bullet points; the second 
bullet point requires careful analysis of all the graphs provided, 
then application of your biological knowledge to explain the 
relevant factors that allow the two bat species to coexist – this 
draws on aspects of AS 91603 (Biology 3.3).

 Evolutionary processes that have resulted in present-day niche of 
short tailed bat include:

•  presence of available (‘vacant’) niches in NZ as there were 
no natural competitors (i.e. no other bats, mammals) in the 
biological communities at the time of their arrival; bats were 
able to adapt to ‘fill’ these niches

•  bats arriving in NZ (likely blown across the Tasman) were 
geographically isolated from parent/original population, so 
no gene flow between populations

•  different environment provided different selection pressures 
so different/new adaptations selected for

•  occurrence of mutations in gene pool allowed for new 
adaptations, e.g. folding of wings

•  bats were a small founder population with restricted gene 
pool; therefore favourable alleles (from mutations) would 
have spread more rapidly through the gene pool by natural 
selection (also could occur by chance from genetic drift)

•  lack of ground-dwelling competitors and predators (act 
as selecting agents) allowed for development of ground-
dwelling lifestyle

•  ground-dwelling lifestyle further selected for by factors such 
as presence of variety of invertebrates, fruit, pollen, seeds, 
nectar providing an enriched diet; energy savings as reduced 
need to fly (to obtain food) so energy can be used to fuel 
other aspects of biology/lifestyle (e.g. body warmth); rapid 
movement on forest floor; structural development

•  mutualistic relationship (and displays co-evolution) with the 
wood rose, with bats benefitting from nectar obtained from 
wood rose (good source of high-energy food)

•  geographical isolation with no gene flow, different selection 
pressures resulting in different adaptations to fill different niches 
has resulted in allopatric speciation of the short-tailed bat.

 Factors allowing for the co-existence of the two bat species in 
New Zealand

 The niches of the two species of bat overlap, therefore 
interspecific competition occurs. For the species to co-exist, 
their niches must have become sufficiently differentiated that 
competition is not so severe that Gause’s competitive exclusion 
principle applies – if two species have identical niches or their 
niches sufficiently overlap, then one species will out-compete and 
eliminate the other. The ways in which the niches have become 
differentiated to reduce completion (from the data provided in 
the resource material plus explanation) follow.

•  Habitat differentiation – short-tailed bat prefers red beech 
(55 passes per night) while the long-tailed bat prefers the forest 
edge (110 passes per night) – reduces competition for food.

•  Food preferences – short-tailed bat has adapted to a 
omnivorous diet / wide range of foods and is mainly ground-
dwelling when feeding; long-tailed bat has adapted to an 
insectivorous diet and feeds in the air (‘hawking’) – reduces 
competition for food/habitat.

•  Roosting positions in the beech forest – short-tailed bat roosts 
low to the ground in trees while the long-tailed bat roosts 
higher in the trees – reduces competition for space/nest sites.

• Activity patterns are different.

  Short-tailed bat emerges about 1.5 hours after sunset (from 
Fig. 3) and its activity has two peaks, one after dusk and 
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