
National 5 Biology 

Unit 3 – Life on Earth  

Summary notes 

 

1. Biodiversity & Distribution of Life 

Perhaps the best place to start in this topic is with Biomes. Biomes are regions of our planet 
which have a particular climate. Biomes with similar climates will also therefore have similar 
animal species (fauna) and plant species (flora). Some of these biomes are shown in the 
image below. 

 

 

 

 

 

 

As you can probably tell, the distribution of biomes on the planet is influenced by two main 
factors: temperature and rainfall. For example, in the image above tropical biomes are 
characterised by high temperature and high rainfall, whereas deserts also have high 
temperature but low rainfall. The flora and fauna which are found in these biomes are 
therefore quite different, but the species found in all desert biomes are similar in their 
adaptions which allows them to survive the extremes of temperature and rainfall. 

Ecosystems 

Biomes consist of ecosystems. An ecosystem is defined as both the organisms living in a 
particular area and the non-living components they interact with. All the organisms in a 
particular ecosystem are known as a community and these organisms interact with each 
other and their environment. There are many different ecosystems on the planet and BBC 
Bitesize is a good place to explore some of them. 

 

The variety of different species in the community of an ecosystem is known as biodiversity. 
Some ecosystems consist of a large variety of species, such as tropical forests, whereas 
others consist of much less variety, such as deserts.  

 

 

Image by barloventomagico 
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The biodiversity in ecosystems is affected by the following three factors: 

Biotic: Biotic factors are the interactions between the living things in an ecosystem. This can 
include grazing and predation. Animals which graze on the plant species in an ecosystem can 
influence which species of plants can survive. Similarly, animal species which predate on 
other animal species can influence which species are present in a particular ecosystem. 

Abiotic: Abiotic factors are the non-living factors in an ecosystem such as temperature, pH 
or moisture levels. Extremes of an abiotic factor can reduce the biodiversity of the ecosystem. 
For example, ecosystems with a very low temperature tend to have low biodiversity. 

Human Influences: Human activity increasingly affects the biodiversity in ecosystems also. 
This can range from pollution to habitat destruction.  

 

 

Image showing deforestation from WikiMedia 
Commons 

 

 

Niche 

The niche of a species is the unique role it plays in a community. In order to determine the 
niche of an organism you need to study both the abiotic and biotic conditions it is associated 
with. Each species in a particular habitat will make use of the available resources in a 
different way and have different interactions with the species present in the community. 
Obviously, factors such as light, temperature and nutrient availability will be important in 
determining the niche of a species, but biological interactions such as predation, competition 
and parasitism are important also.  

Competition: Organisms of a community will compete for the available resources, both within 
species and between different species. Competition between species will affect the niche of 
both species. 

Predation: Predation is when one organism consumes another in order to obtain energy and 
nutrients. The presence or absence of predators and prey will influence the distribution of 
species in a  habitat. 

Parasitism: Parasitism is an interaction between species which provides energy to one, to 
the detriment of the other. The species which is negatively affected is known as the host, and 
is normally not killed by the parasite. The presence or absence of the host species 
will significantly impact upon the survival of the parasite, especially as many parasites have a 
highly specialised niche and can only survive on or in a particular host species.  

We'll return to predation and competition in more detail in the next topic. In the meantime, 
what would be an example of a niche? A good example from a Scottish perspective is the red 
squirrel. Once prevalent throughout the UK, their distribution is now primarily restricted to 
Scotland, the North of England and the West of Ireland as shown in the following maps from 
the Red Squirrel Survival Trust. 
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Image used with 
permission from the 

Red Squirrel Survival 
Trust 

 

 

As you can see from the maps above, grey squirrels are now the dominant species 
throughout much of England and Wales where they outcompete the native red squirrels as 
explained  

2. Energy in Ecosystems 

Species: A species is a group organisms which can reproduce to produce fertile offspring (i.e. 
their offspring can reproduce also).  

Population: A population is the total number of the same species in a particular area. 

Producer: A producer is the organism in a food chain which can make their own energy 
Plants are producers as they use energy from sunlight to produce glucose from carbon 
dioxide through photosynthesis. 

Consumer: Consumers are organisms which are not able to make their own energy and must 
consume other organisms in order to obtain organic molecules. 

Herbivore: Herbivores are animals which only consume plants. 

Carnivore: Carnivores are animals which only consume other animals. 

Omnivore: Omnivores are animals which consume both plants and animals. 

 

Energy 

As you already know, energy flows through food chains from the producer through different 
consumers. The producer, normally a plant, fixes energy into complex organic compounds 
which are used by the plant, and eaten by consumers. These consumers are in turn eaten by 
other consumers and so on. Have you ever wondered though why food chains are never 
longer than three or four species? The explanation is simple. At each stage in a food chain, 
most of the energy obtained by the organism is lost and is not available to the next organism 
in the chain. The reasons for this loss varies depending on the species, but can include the 
energy used by the organism to maintain its body temperature and move. In addition, not all 
of an eaten organism is digested and absorbed by the predator. As a result, at each stage in 
a food chain, only approximately 10% of the available energy is used for growth and passed 
on...meaning approximately 90% of the energy is lost (some of the lost energy in undigested 
materials will be released by decomposers). This means that the total available energy at 
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each stage of the food chain is 90% less than the stage before, which is why there is a limit to 
the length of food chains. This is summarised in the diagram below. 

 

 

 

 

 

 

 

 

 

 

 

 

Let's consider a simple food chain... Oak Tree -> Caterpillar -> Bluetit -> Sparrowhawk. There 
are various ways of visually summarising this food chain. Biologists often use pyramids to 
show the flow of resources through food chains, and these pyramids can be based on 
different measurements. The simplest form of pyramid is a pyramid of numbers. This is 
simply a count of a sample of the organisms of each species in the food chain. This normally 
produces a true pyramid shape as there quite often are a greater number of individuals of the 
species lower down the food chain. As you can see though from our example below, one oak 
tree can support a vast number of caterpillars.  

 

 

 



 5 

We therefore normally do not use numbers to study energy flow in food chains. We can 
instead draw pyramids of biomass, or energy. A pyramid of biomass is a measure of the 
mass of a sample of each species in the food chain in grams in a certain area, whereas a 
pyramid of energy is measured in kJ per area per year. As you can see from the diagram 
above, because the biomass of the oak tree is larger than the combined mass of the 
caterpillars, we now get a true pyramid shape in this case. Pyramids of energy always have a 
true pyramid shape as energy is always lost at each stage of the food chain as explained 
above. 

Nitrogen 

Another important resource which flows through ecosystems in Nitrogen (N). Nitrogen is a key 
component of amino acids, which are the repeating units of proteins, which we now know are 
crucial to all life. Although the air around us consists of about 78% nitrogen gas (N2), plants 
and animals are not able to use this nitrogen directly. We get our nitrogen from eating plants, 
or eating animals which in turn got their nitrogen from plants - but where do plants get their 
nitrogen from? This is where the nitrogen cycle comes in...  

 

 

Image from WikiMedia Commons 
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Perhaps the simplest place to start is with the legumes. The roots of 
the plant on the right belong to a group of plants called legumes. 
Legumes are plants such as beans and peas which contain special 
bacteria. These bacteria live in 'nodules' on the roots of legume 
plants (shown in the image on the right from WikiMedia Commons) 
and are nitrogen-fixing. This means these bacteria can convert 
nitrogen from the air into a form which the plant can then absorb and 
use to produce amino acids and, ultimately, proteins. 

 

Most species of plant do not have root nodules with nitrogen-fixing 
bacteria in them, so where do they get their nitrogen? Most plants need to absorb nitrogen in 
the form of nitrates (NO3). Nitrates are produced by nitrifying bacteria in the soil from 
ammonium (NH4). As shown in the diagram above, this ammonium can come from one of 
two sources. Some of the ammonium comes from nitrogen-fixing bacteria which live freely 
in the soil, but the rest comes from the decomposition of proteins from dead plants and 
animals and their nitrogenous wastes by decomposer bacteria and fungi. Not all of the 
bacteria in the soil are helpful however, some bacteria are denitrifying which means they 
convert nitrates back to nitrogen gas, making the nitrogen unavailable to most plants again. 

 

Competition 

Most ecosystems have limited resources for the communities they support. As a result, 
competition normally occurs between the organisms of a community. The resources 
organisms compete for depend on the species. For example, plants in a particular area will 
compete for light, whereas most animals would not. Resources which organisms will compete 
for include food, water and space. There are two types of competition which you need to 
know about: interspecific and intraspecific. 

Interspecific is the type of competition that you probably most readily think of when 
considering competition. This is the competition between different species in an ecosystem 
for the same resources. We mentioned a good example of this in the previous topic. Red and 
grey squirrels are different species, but they compete for similar resources. This is 
interspecific competition. 

 

 

Grey and Red Squirrels by Heidi Welch 

 



 7 

We don't often consider the other type of competition, but if you think about it it's obvious. 
Members of the same species compete with each other for resources also. In fact, because 
members of the same species compete for exactly the same resources, this form of 
competition can be more intense than interspecific competition. Competition between 
members of the same species is called intraspecific competition. In addition to competing for 
resources such as food, water, etc., members of the same species will also compete with 
each other for a mate. For example, deer will physically compete for a mate. Much 
intraspecific competition does not involve direct fighting and simply involves the competition 
for resources as in interspecific competition. 

 

3. Sampling Techniques 

Sampling 

 

Let's start with sampling. Imagine your were asked to count the number of each of the 
different plant species in a huge field. For most species it's simply impractical to count every 
single individual organism. Instead, we use sampling. Sampling is a way of getting 
a numerical measurement which is an estimate of the actual number. It involves finding the 
average number of organisms of a species in a particular area and then multiplying this by the 
total area being studied. In order for this to work many samples need to be replicated and 
then averaged to ensure the estimate is as reliable a figure as possible. 

The method used to sample the organisms depends on the type of species being studied. For 
plants and animals which don't move much (i.e. limpets) quadrats are normally used. A 
quadrat consists of a wooden or plastic square of a known area (normally 1m

2
) which is 

subdivided into equal sized squares using string. You can see a quadrat being used in the 
image below. 

 

 

Image by flickr.com/photos/sagt 

 

 

 

 

There are different ways of using a quadrat, but the researcher will use a consistent method 
for each replicate. Quadrats are placed at random, normally using randomly generated 
coordinates on a calculator. The researcher then records the presence and abundance of 
each plant or animal species in the quadrat gird. You can see a quadrat in use in the video 
below. 

As already mentioned, quadrats can only be used with organisms which either don't move at 
all, or so slowly that they would't move in the course of recording a replicate. Even with plant 
species, only relatively small species can be sampled with a quadrat. Using quadrats to 
determine a reliable measurement is difficult to do well and many measurements taken with 
quadrats are therefore relatively inaccurate. Sources of error when using quadrats include the 
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difficulty in identifying the species present and deciding whether or not to include a plant 
which is partially present in the grid. Researchers therefore develop and agree consistent set 
of rules to be used in the field. 

If that's how we sample plants and limpets, how do we sample faster moving animals? There 
are many different methods depending on the size and speed of the animal. The one 
technique you need to know about it is the pitfall trap. This is a simple method which is used 
to sample small invertebrates such as insects. There are many different ways of constructing 
a pitfall trap, but they all essentially involve a container buried in the ground up to the level of 
the container opening. The container is filled with a fluid which kills and/or preserves the 
insects such as water or ethanol and a cover is placed over the trap to protect it from rainfall, 
debris and larger animals. One example of pitfall trap is shown in the image below. 

 

Image from WikiMedia Commons 

As with quadrats, pitfall traps are repeated numerous times 
in a particular area in order to obtain a reliable set of results. 
Once again, pitfall traps are limited in use. They can only be 
used with relatively small, non-flying, insects. Sources of 
error when using pitfall traps include having an insufficient 
number of of traps, traps which are the wrong size or not 
placing the traps randomly. 

 

 

Measuring abiotic factors  

 

When studying the species in a habitat it is normally important to record the abiotic factors in 
the ecosystem also. Researchers use a variety of instruments in order to record the abiotic 
factors. The following video explains this in quite some detail. 

You need to know what sort of instrument would be used to measure each of the following 
abiotic factors: 

 

Abiotic Factor Instrument 

Light Intensity Light Meter 

Temperature Thermometer 

pH pH Meter 

Soil Moisture Moisture Meter 

 

 

When measuring abiotic factors it is important that the equipment used is well maintained and 
clean. Researchers will record the abiotic conditions using the same method at each sample 
point in order to reduce sources of error. For example, if recording the temperature whilst 
using quadrats, the temperature will be measured at the same height from the soil each time. 
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As with sampling, numerous measurements are made for each abiotic factor and average 
calculated in order to increase the reliability of the measurements taken. 

 

 

4. Adaptation, Natural Selection & Evolution  
 

Variation 

Variation is a key aspect of evolution. Not only are species different from each other (which 
we'll return to later) but members of a species are different from each other - as we've 
previously discussed when learning about sexual reproduction. But where does this 
variation come from? Sexual reproduction brings about new combinations of alleles, but 
where do alleles come from? Alleles remember are the term we use describe different 
versions of the same gene, how do these different versions come about? The answer is 
mutation. Mutations are changes in the DNA code which occur at random when the DNA is 
being copied before cell division. Some mutations have no effect whatsoever on the protein 
which is produced from the gene in question, however some do. In some cases the mutation 
can result in an altered protein which puts the organism which receives it at a disadvantage 
whereas others can actually provide an advantage to the organism which receives the 
mutated form of the gene. As already mentioned, the mutations themselves are random as 
are the effects they have on the organisms which receive them.  

Mutations in genes can occur spontaneously. In other words, they can and do happen at any 
time at random and without cause. However, some factors are known to increase the rate of 
DNA mutations such as UV and X ray radiation and chemicals. 

 

Natural Selection 

So, now you know where variety comes from, but what has this got to do with evolution? Well, 
variation within a population makes it possible for a population to evolve over time in 
response to changing environmental conditions. The mechanism by which this happens is 
called Natural Selection. Natural Selection is the way in which species have been changing 
since life began on Earth and it depends on the fact that most species produce more offspring 
than the environment can sustain. In other words, because of the large number of offspring 
produced, some will always die. Some of these deaths will be random, but some will be 
influenced by the alleles these individuals possessed. Alleles which decrease the likelihood of 
survival are less likely to be passed onto future generations as the individuals which possess 
them are less likely to survive to reproduction. However, alleles which make the organism 
better adapted to the environmental conditions provide a selective advantage to these 
individuals meaning that they are more likely to survive to reproduce and pass these alleles 
onto their offspring. Therefore, the environmental conditions a population experiences 
influences the frequency of alleles present in the population over time.  
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Image from WikiMedia Commons 

 

 

 

 

 

Peppered moths are a great example of natural selection. 

Speciation 

The process of natural selection described above explains how populations change over time, 
but not how new species arise. A species is a group of genetically similar organisms which 
are able to reproduce to produce fertile offspring. In other words, in order to describe two 
organisms as belonging to the same species they need to be able to breed and produce 
offspring which can themselves breed. The process of creating new species, or speciation, 
involves natural selection but requires something else also - a barrier. If two populations of 
the same species become isolated from one another, they will no longer be able exchange 
alleles. It is also likely if they are isolated that they will be subjected to different changes in 
environmental factors over time. This isolation can result in natural selection following a 
different path in each of the two populations. For some time they will remain members of the 
same species, but can eventually become so genetically different that they would no longer 
be able to reproduce to produce fertile offspring if brought together - at this point they would 
be described as separate species and speciation would have occurred. 

 

5. Human Impact on the Environment 

The population of the planet is increasing rapidly. It hasn't always been this way. Look at the 
graph below and you'll notice that the population of humans on the planet was increasingly at 
a much lower rate until approximately 100 years ago.  

 

Image by Matt 
Lemmon 
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We've recently passed 7 billion people and we're still increasing in number. All of these 
people require food. How are we currently feeding the planet? How will we feed the 
population of the planet in the future? These are big pressing issues which many people are 
currently grappling with.  

We currently employ a range of techniques to maximise the yield from our crops to produce 
as much food as possible from the available land. These include the use of fertilisers and 
pesticides and increasingly genetic modification. The approaches used in modern farming to 
maximise yields is often referred to as intensive farming. 

 

 

Image from WikiMedia Commons 

 

 

 

 

 

These techniques are explored in more detail below, including the effects they have on the 
environment. 

 

Fertilisers 

As previously discussed, plants require nitrogen in the form of nitrates in order to produce 
proteins for growth. Fertilisers contain nitrogen in the form of nitrates, as well as other 
nutrients needed for plant growth such as potassium and phosphorous. One way for farmers 
therefore to increase yield is to apply fertilisers to their crops. 

 

 

Spraying Fertilisers by David Martin 

 

 

If however fertiliser leach from the fields they were 
applied into to fresh water ecosystems such as rivers or 
lakes, algal blooms can occur. This is because 
microscopic algae will grow more rapidly with the 
increase in nutrient availability supplied by the fertilisers.  

 



 12 

 

Algal Bloom from WikiMedia Commons 

 

This explosion in algae blocks the light to the other 
plants in the ecosystem causing them to die. 
Bacteria then decompose these dead plants which 
uses up the dissolved oxygen in the water, ultimately 
causing the death of any animals living in the 
ecosystem such as fish.  

 

Pesticides 

 

Pesticides are chemicals which are sprayed onto 
crops to kill other organisms. This can include 
killing insects which would eat the crops, or other 
plants which would compete with the crops. 
Pesticides are another common method in modern 
agriculture which aims to increase yield through 
reducing the proportion of crops which are lost to 
pests.  

Pesticide Spraying from WikiMedia Commons 

 

 

Some pesticides sprayed onto crops can 
accumulate in the bodies of animals over time. As they are passed along food 
chains, toxicity increases and can reach fatal levels. One example of this is DDT. DDT was a 
pesticide which was used widely in the mid-Twentieth Century before 
its ability to accumulate in the tissues of organisms was discovered. Here's a short public 
information film from USA which explains this: 

 

Indicator Species 

One important way in which we can determine whether or not we are polluting an ecosystem 
is the use of indicator species. Indicator species are species that by their presence or 
absence indicate environmental quality or levels of pollution. 
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Biological Control & GM 

 

In order to avoid the pollutant effects of pesticides, farmers can choose to use alternatives 
such as Biological Control and Genetic Modification. Biological Control involves 
deliberately adding a predator or parasite which kills the pest which is damaging the crops. 
For example, rather than spraying a pesticide to kill aphids, farmers can instead introduce 
ladybirds which are predators of aphids.  

 

 

Image by Anderson Mancin 

 

 

 

 

 

An increasingly common alternative to the spraying of chemicals in intensive farming is 
genetic modification. This involves the alteration of the genome of the crop plant which results 
in the crop producing the chemical, such as a pesticide, rather than having to spray it onto the 
growing crops. GM crops are explained in the video below. 

 


