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3.7 Genetics, populations, evolution and 
ecosystems  
3.7.1 Inheritance  

Content 

• The genotype is the genetic constitution of an organism.  
• The phenotype is the expression of this genetic constitution and its interaction with 

the environment.  
• There may be many alleles of a single genes 
• Alleles may be dominant, recessive or codominant.  
• In a diploid organism, the alleles at a specific locus may be either homozygous or 

heterozygous.  
o Monohybrid and dihybrid crosses involving dominant, recessive and 

codominant alleles. 
o Crosses involving sex-linkage, autosomal linkage, multiple alleles and 

epistasis 
• Use of the chi-squared (c2) test to compare the goodness of fit observed phenotypic 

ratios with expected ratios.  

Opportunities for Skills Development 

• Students could investigate genetic ratios using crosses of Drosophila or Fast Plant

 

 
• Students could use information to represent phenotypic ratios in monohybrid and 

dihybrid crosses.  
• Students could show understanding of the probability associated with inheritance.  
• Students could test to investigate the significance of differences between expected and 

observed phenotypic ratios.  

The genotype of an organism is the genetic constitution of the organism. The phenotype, 
then, is the expression of this genetic constitution and its interaction with the environment. 
Essentially, the genotype describes the alleles that an organism has. For example, foot size 
may be determined to be a maximum amount by a given gene, but environmental factors may 
affect this. The phenotype is clearly then the observable or biochemical characteristic of an 
organism, resulting from the interaction between the expression of the genotype and the 
environment.  

A single gene is a length of DNA, so a sequence of nucleotide bases that normally code for a 
particular polypeptide. There are many alleles of a single gene, and the position of a gene on 
a particular DNA molecule is known as the locus. Sometimes a gene has more than two 
allelic forms, the organism is then said to have multiple alleles for the character. Although 
only two alleles can be present in a single organism, so you get something like the ABO 
blood grouping system with more than the usual two distinctive outcomes for blood type. 

Alleles can either be dominant, recessive or codominant, but only one allele of a gene can 
occur at the locus of any one chromosome. However, in diploid organisms the chromosomes 
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occur in pairs called homologous chromosomes, and there are therefore two loci that each 
carry one allele of a particular gene. Organisms can be either homozygous or heterozygous 
for particular alleles, homozygous if the allele is the same, heterozygous being the opposite. 

For a recessive phenotype to be expressed, both alleles must be recessive, so the organism 
must be in homozygous state. Only one allele must be present for a dominant allele to be 
expressed. In some cases, two alleles contribute to the phenotype, this is called codominance. 
So the phenotypes are either a blend of the two features, or have both features present, i.e. A 
and B antigens in blood group AB.  

Genetic crosses can be used to cross dominant, recessive and codominant alleles in 
monohybrid and dihybrid crosses. Genetic crosses only give probabilities, and the results will 
usually always differ from the predicted results. This is because the fusion of gametes is 
based on a probability, so it is purely chance as to which gametes fuse. Moreover, 
chromosomes arrange themselves at random on the equator during meiosis, so the alleles 
have the same probability of finding themselves in one of the daughter cells. In larger 
samples the results will near the theoretical values.  

Monohybrid inheritance is the inheritance of a single gene, and was demonstrated by 
Mendel when he studied inheritance of pod colour in peas. An example of monohybrid 
inheritance involving two heterozygous green pods Gg is shown below. 

 

 

 

 

 

 

 

 

 

 

Dihybrid inheritance involves inheritance of two characters, determined by two different 
genes located on different chromosomes. This was another experiment that Mendel carried 
out, and in this experiment he looked at seed shape and seed colour. The theoretical results of 
this experiment are shown below  
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Mendel produced a theoretical ratio of 9:3:3:1, and this led him to formulate his law of 
independent assortment: that each member of a pair of alleles may combine randomly with 
either of another pair.   

Codominance is where both alleles are expressed in the phenotype. This phenomenon occurs 
in snapdragon plants, as one allele codes for an enzyme catalyzing the formation of a red 
pigment in flowers, whilst the other allele codes for an altered enzyme that lacks this catalytic 
activity and so does not produce the pigment. Usually this would only give two phenotypes, 
but due to codominance you are able to get three possible phenotypes. Homozygous plants 
are not affected by this, but heterozygous plants will show characteristics of both alleles, in 
this case a mixture of red and white, thus a pink colour.  

When writing codominant alleles, you use superscripts on letter to represent the gene ie CW 
or CR.  

Multiple alleles are when a gene has more than two alleles. The human ABO blood system is 
an example. You have three alleles denoted by the symbols IA, IB and IO. The superscript A 
represents the production of antigen A, the B represents the production of antigen B and the 
O represents a blood type which does not lead to the production of either antigen. However, 
there are still only two that can be present in an individual at any one time, as there are only 
two homologous chromosomes. Within this system IA and IB are codominant alleles, and IO is 
recessive to both. 

Gene linkage: any two genes found on the same chromosomes are said to be linked, and the 
general rule is genes found on the same chromosome form a linkage group.  
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Autosomes are chromosomes other than the sex chromosomes. Thus autosomal linkage is the 
linkage of genes on chromosomes other than the homologous pair of sex chromosomes. If 
you take a situation where crossing over does not occur, all of the linked genes stay together 
during meiosis, so pass into gametes together. They do not follow Mendel’s Law of 
independent assortment.   

If two genes are linked, provided there is no crossing over, there will be only two possible 
combinations of the alleles in the gametes.  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Another phenomenon that occurs is an inheritance that involves genes linked on the sex 
chromosomes (X and Y). Any gene found on the X or Y chromosome is said to be sex-
linked. Females have the genotype XX and males XY. The Y chromosome is a much shorter 
chromosome; therefore, the Y chromosome does not carry as much genetic material as the X 
chromosome. Characteristics that are controlled by recessive alleles found on the part of the 
X chromosome that has no homologous partner portion (due to the size of the Y 
chromosome) appear more frequently in males. This is because there will be no homologous 
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portion on the Y chromosome that might have the dominant allele, in the presence of which 
the recessive allele does not express itself.  

An X-linked genetic disorder is one that is caused by a defective allele on the X chromosome. 
An example of this is haemophilia. This disorder leads to inability to clot blood, and there 
may also be excessive internal bleeding especially at the joints. The condition is almost 
entirely exclusive to males, as females will usually die with the onset of menstruation at 
puberty. 

One cause of haemophilia is a recessive allele with an altered sequence of DNA nucleotide 
bases that then codes for a faulty protein which does not function. Thus the functional protein 
which would lead to blood clotting is not produced. Although production of this protein from 
genetically modified organisms has now been accomplished so people with the disorder can 
be treated.  

Males are only able to obtain their X chromosomes from their mothers, so males will always 
inherit this disease from their mothers. Fathers are able to pass this disease to their daughters 
via the X chromosome, but not to their sons. Pedigree charts can be used to track the 
inheritance of the disorder. 

Epistasis arises when the allele of one gene affects/masks the expressions of another in a 
phenotype. This occurs in mice, as several genes determine their coat colour.  

• Gene A controls the distribution of a black pigment called melanin in hairs, and 
therefore whether they are banded or not. The dominant allele ‘A’ of this gene leads 
to hairs that have black bands while the recessive allele ‘a’ produces uniform black 
hairs when it is present 

• The gene B controls the colour of the coat by determining or otherwise, the 
expression of gene A. The dominant allele B leads to the production of melanin while 
the recessive allele b leads to no pigment and any hair will therefore be white when it 
is present with another recessive allele. 

This also occurs in plants, but acting by determining the enzymes in a biochemical pathway. 
Suppose a plant produces a red pigment in its petals using the following biochemical 
pathway. 

 

The production of enzymes A and B is coded for by genes A and B respectively. Dominant 
alleles of each gene code for a functional enzyme, while recessive alleles code for a non-
functional enzyme. If the alleles of either gene are recessive, then that enzyme will be non-
functional and the pathway cannot be completed. This affects the other gene in that, even if it 
is functional and produces its enzyme, its effects cannot be expressed because no pigment can 
be manufactured.  

The chi-squared (c2) test is used to test the null hypothesis. The null hypothesis is used to 
examine the results of scientific investigation and is based on the assumption that there will 
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be no statistically significant difference between sets of observations, any difference being 
due to chance only.  

If you tossed a coin 100 times the expected results would be 50 heads 50 tails, however the 
actual results are very likely to be different to this. Thus you could use the null hypothesis 
that there is no difference between the number of times it lands heads and the number of 
times it lands tails. However, first you must make sure: 

• The sample size must be relatively large, over 20 
• The data must fall into discrete categories 
• Only raw counts and not percentages, rates, etc, can be used 
• It is used to compare experimental results with theoretical ones. 

The formula used is shown below: 

 

 

 

 
The number of degrees of freedom must then be found, which is one less than the number of 
categories. The value obtained from the equation can then be used in the chi-squared 
distribution table to determine whether any deviation from the expected results is significant 
or not.  

An example of a table that can be used is shown below: 

Take for instance a situation where you had a chi-squared value of 1.0, and one degree of 
freedom. This value lies between the values 0.45 and 1.32, so we can see the value lies 
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between 50% and 25%. This means the probability that chance alone could have produced 
these produced the deviations is between 50% and 25%.  

In the chi-squared test the critical value is p = 0.05, this is the attribution to chance accepted 
by statisticians. This means that the probability that the deviation is due to chance is equal to 
or greater than 5%, the deviation is said to be not significant and the null hypothesis would be 
accepted. If the deviation is less than 5% then the deviation is said to be significant.  

The chi-squared test is very useful in genetics, take for example a test like Mendel’s. You 
could use this test to interpret results and prove that results were not significantly different to 
an expected ratio of say 9:3:3:1. Thus you could see whether the deviation was significant 
enough for the results to be due to chance or not.  
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3.7.2 Populations 

Content 

• Species exist as one or more populations.  
• A population as a group of organisms of the same species occupying a particular 

space at a particular time that can potentially interbreed.  
• The concepts of gene pool and allele frequency.  
• The Hardy–Weinberg principle provides a mathematical model, which predicts that 

allele frequencies will not change from generation to generation. The conditions 
under which the principle applies.  

• The frequency of alleles, genotypes and phenotypes in a population can be calculated 
using the Hardy–Weinberg equation: p2 + 2pq + q2 

• here p is the frequency of one (usually the dominant) allele and q is the frequency of 
the other (usually recessive) allele of the gene.  

Species exist as one or more populations, where a population if a group of organisms of the 
same species occupying a particular space at a particular time that can potentially interbreed. 

All of the alleles of all the genes of all the individuals in a population at a given time are 
known as the gene pool. The number of times an allele occurs within the gene pool is 
referred to as the allelic frequency. 

If a population has 10,000 people, there will be twice as many alleles in the gene pool of a 
particular gene ie the allele for cystic fibrosis. F would be the probability of not having cystic 
fibrosis and f for having it. We can use the Hardy Weinberg principle to find the allele 
frequency of given populations. 

The Hardy Weinberg equation to provide a mathematical model, which predicts allele 
frequencies will not change from generation to generation. This is one of the conditions in 
which this principle applies. This condition is met if: 

• No mutations arise 
• The population is isolated, ie there is no flow of alleles into or out of the population 
• There is no selection, so alleles are equally likely to be passed on to the next 

generation 
• The population is large 
• Mating within the population if random 

Although these conditions are, in practice, never truly met, the principle is still useful when 
studying gene frequencies.  

For example, a dominant allele F and recessive allele f, the probability of F will be p, and of f 
will be q. We know that p + q = 1.0 because there are only two alleles so their probability 
must be 100%. Thus AA + Aa + aA + aa = 1.0, otherwise written as p2 + 2pq + q2. Usually 
you will take p as the dominant allele and q as the recessive allele but the order does not 
matter. 
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If we know that in a population, the percentage of people that have the recessive phenotype is 
12%, then we know that f2 = q2 = 0.12, thus q = 0.34, so p = 0.66 then you can substitute 
these values into the equation to find for example the heterozygous population (2pq), or the 
homozygous dominant population (p2).  
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3.7.3 Evolution may lead to speciation  
 

Content 

• Individuals within a population of a species may show a wide range of variation in 
phenotype. This is due to genetic and environmental factors. The primary source of 
genetic variation is mutation. Meiosis and the random fertilisation of gametes during 
sexual reproduction produce further genetic variation.  

• Predation, disease and competition for the means of survival result in differential 
survival and reproduction, ie natural selection.  

• Those organisms with phenotypes providing selective advantages are likely to 
produce more offspring and pass on their favourable alleles to the next generation. 
The effect of this differential reproductive success on the allele frequencies within a 
gene pool.  

• The effects of stabilising, directional and disruptive selection. Evolution as a change 
in the allele frequencies in a population.  

• Reproductive separation of two populations can result in the accumulation of 
difference in their gene pools. New species arise when these genetic differences lead 
to an inability of members of the populations to interbreed and produce fertile 
offspring. In this way, new species arise from existing species.  

• Allopatric and sympatric speciation. The importance of genetic drift in causing 
changes in allele frequency in small populations.  

• Students should be able to:  
o Explain why individuals within a population of a species may show a wide 

range of variation in phenotype  
o Explain why genetic drift is important only in small populations  
o Explain how natural selection and isolation may result in change in the allele 

and phenotype frequency and lead to the formation of a new species  
o Explain how evolutionary change over a long period of time has resulted in a 

great diversity of species.  

Individuals within a population of a species may show a wide range of variation in 
phenotype. This is due to genetic and environmental factors. The primary source of genetic 
variation is mutation. Meiosis and the random fertilisation of gametes during sexual 
reproduction produce further genetic variation.  

Every organism is subjected to a process of selection, based on its suitability for survival 
under the conditions that exist at the time. The environmental pressures limiting the 
population of a species are called selection pressures. These pressures include predations, 
disease and competition. They vary from time to time, and from place to place.  

These pressures determined the frequency of alleles within a gene pool. A gene pool is the 
total number of all the alleles of all the genes of all the individuals within a particular 
population at a given time. 

The process of evolution by natural selection depends upon factors including:  

• Organisms produce more offspring than can be supported by the available supply of 
food, light, space etc. 
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• There is genetic variety within the populations of all species 
• A variety of phenotypes that selection operates against 

All species have the potential to increase in number exponentially, only if for examples, they 
are not predated, do not suffer from disease or competition, and the climate is appropriate. 
Thus in nature, populations rarely increase at such rate. Certain species have evolved high 
reproductive rates in order to ensure a large population survives and is able to breed and 
produce the next generation. This compensates for high death rates from predation, 
competition for food, extreme weather, natural disasters etc. Although on the contrary, some 
species have evolved lower reproductive rates, with very good parental care to ensure the 
offspring survive.  

Where there are too many offspring for the available resources, there will be intraspecific 
competition (competition within individuals of the same species). This can be as a result of 
over-production, and can lead to natural selection where the best suited individuals to the 
environment will survive and pass on their alleles. This could be that they are best suited to 
escaping predators, obtaining light or resistant to disease. Thus favourable alleles for the 
environment will be passed on. This does ultimately depend on individuals of a population 
being genetically different from each other in the first place.  

Variation plays a vital role in natural selection. Populations that show little genetic variation 
are more susceptible to disease, climate changes etc. This is because there is a smaller gene 
pool, so a smaller chance that certain individuals will carry a more suitable allele 
combination. Variation provides potential for populations to evolve and adapt to new 
circumstances.  

To summarise, predation, disease and competition for the means of survival result in 
differential survival and reproduction, ie natural selection. Those organisms with phenotypes 
providing selective advantages are likely to produce more offspring and pass on their 
favourable alleles to the next generation. 

Evolution can be defined as the change in allele frequencies in a population. 

There are three main types of selection: 

• Stabilising selection preserves the average phenotypes (phenotypes around the mean 
of the normally distributed phenotypes) of a population, and can be looked at as 
selection against the extreme phenotypes. 

• Directional selection changes the phenotype of a population by favouring phenotypes 
that vary in one direction from the mean of a population. Ie it is selection for one 
extreme phenotype. 

• Disruptive selection favours phenotypes that are extreme, as opposed to those with 
phenotypes around the mean. 

Stabilising selection tends to eliminate the extremes of a phenotype range within a 
population, thus with it, the capacity for evolutionary change (reduces the size of the gene 
pool). It usually occurs in areas that have fairly constant environmental conditions over a 
long period of time. It means that the average phenotype becomes most common. The mean 
remains the same, with fewer individuals at either extreme.  
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Directional selection occurs when there are a range of genetically different individuals in 
respect of any one phenotype. The continuous variation amongst these individuals forms a 
normal distribution curve. This curve has a mean that represents the optimum value for 
phenotypic character under the existing conditions. If environmental conditions change, so 
will the optimum value for survival. Thus certain individuals either left or right of the mean 
will possess the new optimum phenotypic character, and the mean will shift, hence 
‘directional’. Antibiotic resistance is an example of directional selection. 
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Disruptive selection is the opposite of stabilising selection. It favours extreme phenotypes at 
the expense of intermediate phenotypes. It is least common of the three types of selection, 
bust most important for bringing about evolutionary change. It occurs when a factor such as 
temperature, will take two distinct forms. For example, different temperature ranges during 
summer and during winter. An example is the ‘coho’, a type of salmon. Small males are able 
to sneak up to females in spawning grounds, and large males are fierce competitors, thus 
intermediate sized males are at a disadvantage. 

 

 

 

 

Reproductive separation of two populations can result in the accumulation of difference 
in their gene pools. New species arise when these genetic differences lead to an inability 
of members of the populations to interbreed and produce fertile offspring. In this way, 
new species arise from existing species.  

Certain organisms have two or more distinct forms. They are genetically distinct but exist 
within the same interbreeding population. This is called polymorphism. An example is the 
peppered moth. It existed almost entirely in its natural light form until the middle of the 
nineteenth century, as around this time a black variety arose by a mutation. These black 
mutant moths had an advantage as they were less likely to be predated on their usual, darker 
coloured habitat. Thus the lighter coloured moth was more likely to be predated, and so the 
darker coloured moth rose to prominence in an example of selective predation favouring 
individuals at one extreme. It illustrates directional selection. The melanic form is selected in 
industrial areas (covered in soot and darker material), whereas the lighter form is selected for 
rural areas. However they could still interbreed, so were still part of the same species. 

Now, the effect of differential reproductive success will be discussed. Those organisms best 
suited to their environment are more likely to pass on their favourable alleles to the next 
generation. This has effects on the allelic frequencies within a gene pool.  

 

Allelic frequencies and how selection affects them... 
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In theory, any sexually mature individual in a population is capable or breeding with another. 
This means that the alleles of any individual organism may be combined with the alleles of 
any other. The alleles that all of the genes of all of the individuals at a given time is called the 
gene pool. The number of times an allele occurs is called allelic frequency.  

Allelic frequency is affected by selection, and selection is due to environmental factors. Thus 
environmental changes affect the probability of an allele being passed on in a population, 
hence its frequency of occurrence within the gene pool. Environmental factors affect the 
frequency of a mutant allele already present in a gene pool. 

Evolution can be defined as the change in allele frequencies in a population. 

Speciation: it is the evolution of a new species from existing ones. A species is a group of 
individuals that have a common ancestry and so share the same genes, but different alleles 
and so are a capable of breeding to produce fertile offspring. Members of species are 
reproductively separated from other species. 

The most common way a new species is formed is through the reproductive selection that 
occurs as a result of genetic change due to natural selection (which is as a result of 
environmental factors). Within a species there are one or more populations. Species tend 
usually to only breed within their respective population, but are able to breed with other 
populations.  

If two populations became isolated from one another, then they would undergo mutations that 
would hold different advantages in their respective areas. Thus the two populations will 
become genetically different, and so each of the populations will experience selection 
pressures because of the different environments. Natural selection will lead to changes in the 
allelic frequency of each population. The different phenotypes that each combination of 
alleles produce will be subject to selection pressure that will lead to each population 
becoming adapted to its local environment. 

This is called adaptive radiation and so changes the allelic frequencies, which is otherwise 
termed as evolution. As a result of these genetic differences, it may turn out that the isolated 
populations will become unable to interbreed successfully, so result in two separate species. 
Each population would have its own gene pool. 

Genetic drift: this is something that can take place in small populations as there will be a 
smaller variety of alleles (lower genetic diversity). As there are only a small number of 
alleles in the population, there is not an equal chance of each allele being passed on. This 
means that those that are passed on quickly affect the whole population if their frequency is 
high. Any mutation to one of these alleles that is selectively favoured will also more quickly 
affect the whole population because its frequency will be high. The effects of genetic drift 
will be greater and the population will change relatively quickly as a result, making it more 
likely to develop into separate species. In large populations, effects of a mutant allele will be 
diluted because its frequency is far less in the much larger gene pool. The effects of genetic 
drift are likely to be less, and the development of new species slower.  



Marksphysicshelp 15 

‘Genetic drift occurs when the allele frequency of a population changes due to a chance 
occurrence, such as a natural disaster. 

In this instance, all the squirrels are equally as likely to die in the forest fire, so the change in 
allele frequency occurs due to chance rather than fitness.’ 

There are two type of speciation: 

• Allopatric 
• Sympatric 

Allopatric speciation means different countries, and describes the form of speciation 
whereby populations become geographically separated (thus isolated). This may be as a result 
of a barrier such as an ocean, mountain etc.  

If the environmental conditions vary either side of the battier, then natural selection will 
influence the two populations differently, resulting in adaptations to local conditions. It leads 
to reproductive separation and eventually separate species over time.  

Sympatric speciation means the same country, describing the form of speciation that results 
within a population in the same area leading to them becoming reproductively separated. A 
likely example of sympatric speciation taking place is the apple maggot fly. Originally this 
insect only laid its eggs inside the fruit of hawthorns, which are native to North America. 
When apple trees were introduced, the fly started to lay its eggs in apples as well. Females 
tend to lay their eggs on a type of fruit in which they developed, and males tend to look fro 
mates on the type of fruit in which they developed. So flies raised in hawthorns usually mate 
with each other and vice versa. The two populations have not yet become separate species, 
but mutations have led to genetic differences. 
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AQA Jan 2011 Unit 4 Q8c 
Question: 

Changes in ecosystems can lead to speciation. In Southern California 10 000 years ago a 
number of interconnecting lakes contained a single species of pupfish. Increasing 
temperatures caused evaporation and the formation of separate, smaller lakes and streams. 
This led to the formation of a number of different species of pupfish. Explain how these 
different species evolved.  

Answer: 

1. Geographical isolation;  
2. Separate gene pools / no interbreeding (between populations);  
3. Variation due to mutation;  
4. Different environmental/abiotic/biotic conditions / selection pressures;  
5. Selection for different/advantageous, features/characteristics/mutation/ /allele;  
6. Differential reproductive success / (selected) organisms survive and reproduce;  
7. Leads to change in allele frequency;  
8. Occurs over a long period of time;  
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AQA June 2015 Unit 4 Q8a 
Question: 

On islands in the Caribbean, there are almost 150 species of lizards belonging to the genus 
Anolis. Scientists believe that these species evolved from two species found on mainland 
USA. Explain how the Caribbean species could have evolved.  

Answer: 

1. Geographical isolation;  
2. Separate gene pools / no interbreeding/gene flow (between populations);  
3. Variation due to mutation;  
4. Different selection pressures / different abiotic/biotic conditions/ 

environments/habitats;  
5. Different(ial) reproductive success / selected organisms (survive and) reproduce;  
6. Leads to change/increase in allele frequency;  

AQA June 2013 Unit 4 Q6a 
The Amazonian forest today contains a very high diversity of bird species.  

• Over the last 2 000 000 years, long periods of dry climate caused this forest to 
separate into a number of smaller forests.  

• Different plant communities developed in each of these smaller forests.  
• Each time the climate became wetter again, the smaller forests grew in size and 

merged to reform the Amazonian forest.  

Question: 

Use the information provided to explain how a very high diversity of bird species has 
developed in the Amazonian forest.  

Answer: 

1. No interbreeding / gene pools are separate / geographic(al) isolation;  
2. Mutation;  
3. Different selection pressures / different foods/niches/habitats;  
4. Adapted organisms survive and breed / differential reproductive success;  
5. Change/increase in allele frequency/frequencies;  
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AQA Jan 2012 Unit 4 
 

Question: 

The population of trees in the forest evolved adaptations to the mountain environment. Use 
your knowledge of selection to explain how. 

Answer: 

1. Variation in original colonisers / mutations took place;  
2. Some better (adapted for) survival (in mountains);  
3. Greater reproductive success;  
4. Allele frequencies change;  

EXAM TIP: 

ADAPTATIONS COULD HAVE EVOLVED FROM MUTATIONS OR INITIAL 
GENETIC VARIATION IN COLONISERS! 

THINK ABOUT REPRODUCTIVE SUCCESS WHEN TALKING ABOUT 
EVOLUTION BY SELECTION! 

KEY TERM: ALLELE FREQUENCIES!!! 
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3.7.4 Populations in ecosystems  
 

Content 

• Populations of different species form a community. A community and the non-living 
components of its environment together form an ecosystem. Ecosystems can range in 
size from the very small to the very large.  

• Within a habitat, a species occupies a niche governed by adaptation to both abiotic 
and biotic conditions.  

• An ecosystem supports a certain size of population of a species, called the carrying 
capacity. This population size can vary as a result of:  

o the effect of abiotic factors  
o interactions between organisms: interspecific and intraspecific competition 

and predation.  
• The size of a population can be estimated using:  

o randomly placed quadrats, or quadrats along a belt transect, for slow-moving 
or non-motile organisms  

o the mark-release-recapture method for motile organisms. The assumptions 
made when using the mark-release-recapture method.  

• Ecosystems are dynamic systems.  
• Primary succession, from colonisation by pioneer species to climax community.  
• At each stage in succession, certain species may be recognised which change the 

environment so that it becomes more suitable for other species with different 
adaptations. The new species may change the environment in such a way that it 
becomes less suitable for the previous species.  

• Changes that organisms produce in their abiotic environment can result in a less 
hostile environment and change biodiversity.  

• Conservation of habitats frequently involves management of succession.  
• Students should be able to:  
• Show understanding of the need to manage the conflict between human needs and 

conservation in order to maintain the sustainability of natural resources  
• Evaluate evidence and data concerning issues relating to the conservation of species 

and habitats and consider convicting evidence  
• Use given data to calculate the size of a population estimated using the mark-release-

recapture method.  

Populations of different species form a community. A community and the non-living 
components of its environment together form an ecosystem. Ecosystems can range in size 
from the very small to the very large. 

Within a habitat, a species occupies a niche governed by adaptation to both abiotic and biotic 
conditions.  

Ecology is the study of the inter-relationships between organisms and their environment. The 
environment includes both abiotic and biotic factors like competition and predation.  
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Ecosystems are dynamic systems made up of a community and all the non-living factors of 
its environment. Ecosystems can range in size from very small to very large. Within an 
ecosystem there are two major processes to consider: 

• The flow of energy through the system 
• The cycling of elements within the system.  

A freshwater pond is an example of an ecosystem. It has its own community of plants to 
collect the necessary sunlight energy to supply the organisms within it. Nutrients such as 
nitrate ions and phosphate ions are recycled within the pond/lake. Within ecosystems there 
are a number of species. Each species is made of up a group of individuals that make up a 
population. 

A population if a group of individuals of one species that occupy a habitat at the same time, 
and are able to interbreed. 

An ecosystem supports a certain size of population of a species, called the carrying capacity. 
This population size can vary as a result of:  

o the effect of abiotic factors  
o interactions between organisms: interspecific and intraspecific competition 

and predation.  

Population size can vary as a result of abiotic factors, and interaction between organisms like 
intraspecific and interspecific competition.  

Populations of different species form a community. A community is defined as all of the 
populations of different species living and interacting in a particular place at a particular time.  

A habitat is the place where an organism usually lives an is characterised by physical 
conditions and the other types of organisms present. Within ecosystems there will be multiple 
habitats. Within habitats you will find smaller units with their own microclimate, these called 
microhabitats. For example mud at the bottom of a stream may be a microhabitat for a 
bloodworm, or a crevice on the bark of an oak tree for a lichen. 

Ecological niche: a niche describes how an organism fits into the environment. A niche 
refers to where an organism lives and what it does there. It includes all of the biotic and 
abiotic conditions to which an organism is adapted in order to survive, reproduce and 
maintain a viable population. Some species will appear very similar, but their nesting habitats 
or other aspects of their behaviour will be different, or they may show different levels of 
tolerance to environmental factor such as pollutant or a shortage of oxygen/nitrates. No two 
species occupy exactly the same niche, and this is known as the competitive exclusion 
principle. 

The size of any population is eventually determined by a limiting factor. A species is only 
able to live within a certain range of abiotic factors, and this range differs from species to 
species. If there are no limiting factors, a population will grow in size. Although as a 
population grows in size, limiting factors may arise as a result of the population becoming so 
large that there is no longer enough variety and a high enough quantity of food to support it. 
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Or if other species may be introduced (interspecific competition) which results in the 
population size being limited.  

Both biotic and abiotic factors influence the rate of growth and size of population. 

To summarise, no population will grow indefinitely because certain factors will limit growth. 
Availability of food, light, water, oxygen, shelter, accumulation of toxic waste, disease and 
predators are all limiting factors. Each ecosystem has its carrying capacity which can be 
sustained over a long period of time, and is determined by these factors. 

Abiotic factors: 

• Temperature. This can affect rate of enzyme activity, or denature enzymes which can 
inhibit vital metabolic reactions required for survival. At temperatures that are 
deviated from the optimum, enzymes work less efficiently. Also if temperatures 
deviate from optimum conditions, then more energy is expended by these organisms 
to maintain a normal body temperature. This leaves less energy for growth and so 
they mature more slowly and the reproductive rate slows. Carrying capacity is thus 
reduced. 

• Light. This is the ultimate source of energy for ecosystems, and a basic necessity for 
life. The rate of photosynthesis increases as light intensity increase, so a greater rate 
means plants grow faster and produce more spores/seeds. Therefore carrying capacity 
may be increased, so the carrying capacity of animals that feed on these plants will be 
increased. 

• pH. This affects enzyme action as each enzyme has its optimum pH for normal 
functioning. 

• Water and humidity. Where water is scarce, populations are small and consist only of 
species well adapted to dry conditions. Humidity affects the transpiration rates of 
plants and the evaporation of water from the bodies of animals. Again, in dry air 
conditions, the populations of species adapted to tolerate low humidity will be larger 
than those without the adaptations. 

As a general rule, when any abiotic factor is below the optimum for a population, fewer 
individuals are able to survive because their adaptations are not suited to conditions. If no 
individuals have adaptations to survival, the populations become extinct. 

Where two or more individuals share any resource ie light, food, oxygen, that is insufficient 
to satisfy all of their requirements, then competitions results. Competition between member 
of the same species is called intraspecific, and between different species is called 
interspecific. 

Intraspecific: 

Occurs when individuals of the same species are competing for resources such as food, water 
etc. The availability of these resources determines the size of the population. Examples of 
intraspecific competition are: 

• Robins competing for breeding territory. Female birds usually only attracted to males 
with breeding territories. Each territory will supply for only one family of birds, so 
when food gets scarce territories become wider to find food. So then there are fewer 
territories in a given area. 
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• Oak trees compete for resources like light, water, minerals. Therefore, the oak trees 
with restricted availability will then die, so over time the population will reduce to a 
few large dominant oaks. 

• Limpets competing for algae, which is their main food. The more algae available, the 
larger the population of limpets. 

 

Interspecific 

Occurs when individuals of different species compete for the same resources like food, light, 
water etc. One species will usually have the advantage over the other species, and so this 
population will gradually decrease in size over time. If conditions remained the same, one of 
the species would be completely removed. This is called competitive exclusion principle. 

This principle says that where two species are competing for limited resources, the one that 
uses these resources most effectively will ultimately eliminate the other. No two species are 
able to occupy a niche indefinitely with finite resources (limiting factor). If two species of sea 
birds appear to occupy the same niche, eat fish from the sea and nest on the same type of cliff 
face, it could be thought that they were in competition. However, if they are eating different 
types of fish then they occupy different niches.  

Therefore, competition has an affect on populations by having an impact on birth and death 
rates. For example, a decrease in food supply could lead to individuals dying of starvation 
thus directly reducing population size. The opposite can be said for a high population, having 
positive impacts on probability of offspring production due to higher survival rates, and thus 
shows increase in population size.  

One type of interspecific relationship is the predator-prey relationship. A predator is an 
organism that feeds on another organism, namely the prey. Predators have evolved to become 
better at capturing their prey ie faster movement or camouflage. Likewise, prey have evolved 
to become equally adept at avoiding predators.  

Predation occurs when one organism is consumed by another. Evidence collected regarding 
predators and prey and their behaviour is usually quite limited because it does not represent 
natural conditions and what happens in the wild. However, it is also difficult to obtain data on 
natural populations as it is not possible to count all the individuals in a natural population. Its 
size can only be estimated from sampling and surveys. Therefore neither technique provides 
complete accuracy. 

The predator-prey relationship affects population size such that: 

• Predators eat prey, so reduce the population of prey 
• With fewer prey available, the predators are in greater competition with each other for 

the prey that are left 
• The predator population is reduced as some individuals are unable to obtain enough 

prey for their survival or to reproduce 
• With fewer predators left, fewer prey are eaten and so more survive and are able to 

reproduce 
• The prey population increases 
• With more prey now available as food, the predator population in turn increase. 
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In natural ecosystems, organism eat a range of foods and so the fluctuations in population 
size are not usually as severe as what is shown on the graph below. 

 

 

 

 

 

 

 

Disease and climatic factors also play a part in the cyclic fluctuations of a population. These 
periodic population crashes are important in evolution as there is a selection pressure which 
means that those individuals who are able to escape predators, or withstand disease or an 
adverse climate, are more likely to survive and reproduce. The population therefore evolves 
to be better adapted to the prevailing conditions. 

The size of a population can be estimated using:  

• Randomly placed quadrats, or quadrats along a belt transect, for slow-moving or 
non-motile organisms  

• The mark-release-recapture method for motile organisms. The assumptions made 
when using the mark-release-recapture method.  

In studying a habitat, it is often necessary to count the number of individuals of a species in a 
given space. This is known as abundance. It is pretty much impossible to count every single 
organism, it would be time consuming and damaging to the environment. So only small 
samples are used to study a habitat in detail. As long as these samples are representative of 
the habitat as a whole, any conclusion drawn from these findings will be reliable. The ways 
of sampling habitats are outlined above.  

Quadrats: 

A point quadrat as shown below. 
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A point quadrat consists of a horizontal bar supported by two legs. At set intervals along the 
bar are ten holes, through each of which a long pin may be dropped, and each species that the 
pin touches recorded.  

Or frame quadrat. 

 

 

 

 

 

 

 

 

Has equally sized subdivisions. Often designed so that it can be folded to make it easier for 
transport.  

Three factors to think about when using quadrats: 

1. The size of quadrat to use. This will depend on the size of the plants/animals being 
counted and how they are distributed within the area. Larger species require larger 
quadrats. Where a population is not evenly distributed throughout the area, a large 
number of small quadrats will give more representative results than a small number of 
large ones. 

2. The number of sample quadrats to record within the study area. The larger number = 
more reliable. It is time consuming to record the number so a balance must be met 
between the reliability and time available. The greater number of species present in the 
area being studied, the greater the number of quadrats required to produce reliable results 
for a valid conclusion. 

3. The position of each quadrat within the study area. Random sampling must be used. 

Sampling randomly to avoid bias and ensure reliability of data. Lay out a tape measure at 
right angles, along two sides of the study area. Obtain a series of coordinates using a random 
number generator taken from a table or generated by a computer. Place a quadrat at the 
intersection of each pair of coordinates and record the species within it. 

Belt transects can be used for systematic sampling. This is particularly important where a 
gradual change in the communities of plants and animals has taken place. For example, in the 
distribution of organisms along a line of succession ie sand dunes by the edge of the sea into 
woodland. Belt transects can be made by stretching a spring or tape across the ground in a 
straight line. Frame quadrats can be laid down alongside the line and the species within 
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recorded. It is then moved down its own length along the line and the process repeated. This 
gives a record of species in a continuous belt. 

Measuring abundance: random sampling with quadrats and counting along transects are 
used to obtain measured of abundance of individuals within a species within a given area. For 
species that don’t move around, it can be measured in several ways, depending on the size of 
the species being counted and the habitat. For example: 
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AQA Jan 2011 Unit 4 Q8a 
Question: 

Succession occurs in natural ecosystems. Describe and explain how succession occurs. 

Answer: 

1. (Colonisation by) pioneer (species);  
2. Change in environment / example of change caused by organisms present;  
3. Enables other species to colonise/survive. 
4. Change in diversity/biodiversity; 
5. Stability increases / less hostile environment;  
6. Climax community;  
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Source: Kerboodle Biology Textbook 
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AQA June 2015 Unit 4 Q8b 
Question: 

‘Anolis sagrei is a species of lizard that is found on some of the smallest Caribbean islands. 
Describe how you could use the mark-release-recapture method to estimate the number of 
Anolis sagrei on one of these islands.’ 

Answer: 

1. ‘Capture/collect sample, mark and release;  
2. Method of marking does not harm lizard/make it more visible to predators;  
3. Leave sufficient time for lizards to (randomly) distribute (on island) before collecting 

a second sample;  
4. (Population=) number in first sample × number in second sample divided by number 

of marked lizards in second sample/number recaptured;  

 

AQA June 2014 Unit 4 Q3ab 
Farmland previously used for growing crops was left for 30 years and developed into 
woodland. During this period, ecologists recorded an increase in the diversity of birds in the 
area.  

Question: 

Name the process that resulted in the development of woodland from farmland.  

Answer: 

Succession 

Question: 

Explain the increase in the diversity of birds as the woodland developed.  

Answer: 

1. Greater variety/diversity of plants/insects / more plant/insect species;  
2. More food sources / more varieties of food;  
3. Greater variety/more habitats/niches 
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AQA Jan 2013 Unit 2 Q4a 
Question: 

What is intraspecific competition? 

Answer: 

Competition within the same species 

 

AQA June 2013 Unit 4 Q2c 
Algae are photosynthesising organisms. Some algae grow on rocky shores. 
A scientist investigated succession involving different species of algae. He placed concrete 
blocks on a rocky shore. At regular intervals over 2 years, he recorded the percentage cover 
of algal species on the blocks. His results are shown in the graph 

 

 

 

 

 

 

 

Question: 

Name the pioneer species   

Answer: 

Ulva lactuca  

Question: 

The scientist used percentage cover rather than frequency to record the abundance of algae 
present. Suggest why.  

Answer: 
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Difficult/too many/too many to count / individual organisms not identifiable / too small to 
identify / grows in clumps;  

 

Question: 

Some scientists reviewing this investigation were concerned about the validity of the results 
because of the use of concrete blocks. 
Suggest one reason why these scientists were concerned about using concrete blocks for the 
growth of algae.  

Answer: 

Any described feature of concrete eg texture / flat / composition chemicals / nutrients etc;  

Question: 

Use the results of this investigation to describe and explain the process of succession.  

Answer: 

1. Pioneer species/Ulva increases then decreases;  
2. Principle of a species changing the conditions / a species makes the conditions less 

hostile;  
3. New/named species better competitor / previous/named/pioneer species outcompeted;  
4. G. coulteri/Gelidium increases and other/named species decreases  

 

AQA Jan 2012 Unit 4 
Question: 

Ecologists studied a community of fish in a lake. 

Explain what is meant by a community. 

Answer: 

All the fish/all the species/all the populations/all the organisms  
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AQA Jan 2012 Unit 4 
Question: 

The ecologists found that each species of fish had adaptations to its niche. One of these 
adaptations was the shape of its mouth.  

Suggest how the shape of mouth is an adaptation to its niche.  

Answer: 

1. With different mouth eats different food / has different way of feeding / specific 
mouth shape for specific food;  

2. Competition between species/interspecific competition is reduced;  

 
AQA Jan 2012 Unit 4 Q3b 

Question: 

Marram grass is a pioneer species that grows on sand dunes. It has long roots and a vertically 
growing stem that grows up through the sand. 
Sand dunes are easily damaged by visitors and are blown by the wind. Planting marram grass 
is useful in helping sand dune ecosystems to recover from damage.  

Use your knowledge of succession to explain how.  

Answer: 

1. Stabilises sand / stops sand shifting;  
2. Forms/improves soil / makes conditions less hostile  

 
 
 
 
 
 

 



Marksphysicshelp 34 

AQA Jan 2011 Unit 4 Q8a 
Question: 

Succession occurs in natural ecosystems. Describe and explain how succession occurs. 

Answer: 

1. (Colonisation by) pioneer (species);  
2. Change in environment / example of change caused by organisms present;  
3. Enables other species to colonise/survive. 
4. Change in diversity/biodiversity; 
5. Stability increases / less hostile environment;  
6. Climax community;  

 
 


