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GRADE 11A: Biology 7 

Ecological relationships and populations 

About this unit 
This unit is the seventh of eight units on biology 
for Grade 11 advanced. 

The unit is designed to guide your planning and 
teaching of biology lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 12A and 
Grade 10A. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already understand 
how energy flows through an ecosystem. They should be able to relate 
pyramids of numbers, biomass and energy to food chains and food webs. 
They should know the roles of micro-organisms in recycling and how they 
function in the carbon and nitrogen cycles. They should know that the 
nitrogen-fixing micro-organisms in root nodules have a mutualistic 
relationship with the host plant. 
 

Expectations 
By the end of the unit, students understand that predation, disease and 
competition result in differential survival rates and reproduction. They 
understand that ecosystems are dynamic and subject to change, and that 
human activities have an impact on the environment. 

Students who progress further know how some organisms are structurally 
and physiologically adapted to their environment and distinguish between 
acclimatisation and adaptation. They understand carrying capacity of a 
habitat and can use population curves. They understand ecological 
colonisation and succession. The know examples of biological control of 
unwanted organisms. They distinguish between environmental preservation 
and conservation and understand the conflicts between nature conservation 
and production. 

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP), whiteboard, video recorder 
• computer simulation of predator–prey relationship 
• computer spreadsheet 
• plant pots (75 mm), compost, radish seeds 
• video clip about animals defending their territory 
• OHT graphs and tables of a variety of data 
• photographs of the Amazon rainforest 
• maps of lichen distribution 
• water sampling nets, white trays, specimen bottles 
• identification keys for organisms of rivers, ponds and canals 
• Internet access  
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• intra-specific competition, inter-specific competition 
• ecological niche 
• competitive exclusion principle 
• myxomatosis, Yersinia pestis 
• Locusta migratoria, Schistocerca gregaria 
• balance of nature 
• desertification 
• global warming 
• acid rain, ozone layer 
• eutrophication 
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Objectives for the unit 

6 hours SUPPORTING STANDARDS CORE STANDARDS 
Grade 11 standards 

EXTENSION STANDARDS 

 11A.16.1 Explain examples of a predator–prey relationship and the possible effects 
on the population size of both the predator and the prey. 

 

 11A.16.2 Explain examples of inter- and intra-specific competition for food and space 
and the effects on the distribution and size of the populations of organisms. 

 

 11A.16.3 Explain how disease affects the size of population of organisms and the 
significance of limiting factors in determining the ultimate size of a 
population. 

12A.14.1 Explain and give examples to illustrate 
the carrying capacity of an 
environment. 

10A.15.1 Describe how the organisms in a 
pyramid of numbers relate to their 
biomass and to energy flow through 
food chains and food webs. 

12A.14.2 Know how to construct and interpret 
population curves for different 
organisms; identify the stages in 
population growth and decline. 

2 hours 

Interactions 
between 
organisms 
 

2 hours 

Ecosystems are 
dynamic 
 

2 hours 

Impact of human 
activities 10A.15.2 Draw energy-flow diagrams to 

illustrate how energy flows through 
an ecosystem. 

11A.16.4 Explain how the diversity and numbers of organisms and the environmental 
factors in an ecosystem form a dynamic relationship that is open to 
disruption. 

12A.14.1 Explain and give examples to illustrate 
the carrying capacity of an 
environment. 

  11A.16.5 Explain examples of short- and long-term human impact on a variety of 
environments. 
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Activities 

Objectives Possible teaching activities Notes School resources 

Provide students with a graph of two population curves displaying the relationship between 
populations of a predator and its prey. Display the same graph on the OHP. Well-documented 
records exist for the relationship between populations of the Canadian lynx (predator) and the 
snow hare (its prey). However, other suitable examples can be substituted or used in addition 
(e.g. fox (predator) and rabbit (its prey), or zooplankton (predator) and phytoplankton (prey)). 

Ask students, in pairs, to analyse and interpret the population curves and write their 
explanation. Invite one or two students to read out their answers to the class. Confirm that they 
explain the cyclic repetitive nature of peaks and troughs which are slightly out of phase. (The 
prey, as the food, begins to increase its population before the predator follows with a similar 
pattern. Then the prey decreases because of increased predation before the predator 
population falls after experiencing a food shortage. The cycle is then repeated.) 

Prepare a suitable graph and OHT.  Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

2 hours 

Interactions between 
organisms 
Explain examples of a 
predator–prey relationship 
and the possible effects on 
the population size of both 
the predator and the prey. 

Explain examples of inter- 
and intra-specific competition 
for food and space and the 
effects on the distribution and 
size of the populations of 
organisms. 

Use a computer simulation of a predator–prey interaction. These simulations allow students to 
alter the parameters of the relationship. For example, the simulation could be set with an 
increased number of predators or prey and the effects observed. If students work individually on 
their own computer, this gives the opportunity to investigate a wide range of variables. 

ICT opportunity: Use of a computer simulation 
to investigate a dynamic relationship. 

 

 

 Let students discuss, in pairs, what they understand by the term competition between 
organisms. Then regroup and organise a class discussion. Clarify the terms inter-specific and 
intra-specific competition as well as identifying the main factors involved in such competition: 
food and space. 

Arrange for students to carry out a practical exercise on intra-specific competition investigating 
the density of seed planting on the productivity of plants. Organise students into pairs and tell 
them to carry out the following procedure.  
• Fill five small plant pots of the same size with the same quantity of compost. 
• Take some radish seeds and plant an increasing number of seeds per pot: one, two, four, six, 

eight seeds per pot, for example. 
• Keep them in a warm light place for three to four weeks, watering carefully with the same 

amount of water in each pot. 
• When young radishes are produced, harvest, wash, dry and weigh them. 
• Record data in a table. 

 
 
 
 

 
 

 

 

• Collate results with those of other pairs of students by using a computer spreadsheet to 
record the data.  

Tell pairs to enter their results in turn as they finish and then give each student a copy of all the 
data later. 

ICT opportunity: Use of a spreadsheet to enter 
data from an investigation. 
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Objectives Possible teaching activities Notes School resources 

Show students a video clip about animals defending their territory. Ask students to study how 
the animals behave in the defence of their territory. Stop the video at intervals to discuss the 
behaviour. 

Birds show both intra-specific and inter-specific territorial behaviour that can be easily observed. 
Such behaviour includes bird song, chasing away competitors or even fighting for control of 
their territory. Get students to talk about their own observations of birds’ territorial behaviour, 
either in the school grounds or surrounding area or in their gardens. Encourage them to keep a 
diary of bird behaviour over a defined time period.  

 
 
 

Enquiry skill 11A.3.1 

 

 

 

 

 

 

 

Give some examples of animals whose population sizes fluctuate rhythmically. For one case 
study, get students to use the library or the Internet to investigate the lemming, a rodent found 
in the Arctic and sub-Arctic whose population size has four-yearly peaks. Ask students to draw 
graphs to show trends and use this to stimulate a teacher-led class discussion. Ask students to 
write a report after the discussion. 

Get students to produce a flow chart of the events in the fluctuations of lemming populations. 

Arrange students into teams and allocate each an 'invading species' (e.g. the crown of thorns 
starfish, which predates upon sea urchins, or the water hyacinth, which has invaded African 
lakes and waterways). Get each team to use the library or the Internet to gather information on 
their species. Tell teams to use the information to prepare and make a presentation on their 
invading species to the rest of the class. 

ICT opportunity: Use of the Internet. 
 
 
 
 

 

ICT opportunity: Use of the Internet. 

 

 

 

 

 

 

 

 

 

 

Introduce students to two key concepts in understanding ecological relationships: 
• the ecological niche; 
• the competitive exclusion principle. 

Tell students to find out about these key concepts from their textbooks or from the library. 

Discuss with students the importance of laboratory investigations: in particular, the classic 
experiments of the Russian biologist Gause in 1934 on competition between several species of 
Paramecium. Tell students to find out about Gauss’s work using the library or the Internet. 

It was these investigations by Gause that led to the competitive exclusion principle.  

The ecological niche is a precise description of 
all the physical, chemical, and biological factors 
that a species needs to survive and reproduce. 

The competitive exclusion principle states that 
‘no two species in the same ecosystem can 
occupy the same ecological niche indefinitely’. 

ICT opportunity: Use of the Internet. 

Enquiry skill 11A.2.1 

 

Another example of the competitive exclusion principle is provided by the introduction of the 
grey squirrel into the UK from North America. Give students details of the data on the 
introduction of the grey squirrel to the UK and ask them to explain the population changes of the 
grey and red squirrels. 

Source details on the populations of the grey 
and red squirrels in the UK from the Internet. 

The red squirrel was the only squirrel species 
living in the UK for thousands of years. Although 
the grey squirrel does not attack the red squirrel, 
the grey seems better able to exploit the niche 
and has spread rapidly through most of the UK; 
the red squirrel has become marginalised. 
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Objectives Possible teaching activities Notes School resources 

Get students to examine case studies of the effect of disease on population numbers. Provide 
data on a population before and after the incidence of a disease and ask students to analyse it 
and write conclusions in each case.  

Tell students to use their textbooks, the library and the Internet to find information about the 
following examples. 

The rabbit and myxomatosis 

Make sure students understand that after its introduction into the UK and then into Australia, the 
population of the European rabbit followed a similar pattern: it grew extremely quickly and 
became a serious agricultural pest. The disease myxomatosis was introduced into both 
countries with devastating consequences for the rabbits: 99% were killed. 

Humans and the plague 

The important point for students to understand here is that the human population of Europe was 
significantly reduced in the Middle Ages by a disease called the plague, which was transmitted 
to people by the bite of a rat flea. The disease was caused by a bacteria called Yersinia pestis 
and was responsible for The Black Death in 1348 and the Great Plague of London in 1665–66. 

 
 
 

ICT opportunity: Use of the Internet. 

 

 2 hours 

Ecosystems are dynamic 
Explain how disease affects 
the size of population of 
organisms and the 
significance of limiting factors 
in determining the ultimate 
size of a population. 

Explain how the diversity and 
numbers of organisms and 
the environmental factors in 
an ecosystem form a 
dynamic relationship that is 
open to disruption. 

 

 Introduce the effect of other limiting factors on populations by getting students to examine the 
case studies outlined below. First ask students to suggest why many populations remain 
relatively constant if censused at about the same time each year – they fluctuate from year to 
year within narrow limits – yet some species show marked cyclical variations. Make sure 
students appreciate that the population will remain the same when the birth rate is equal to the 
death rate unless there is immigration or emigration of the population. 

Great tit populations 

Provide information about the great tit, including graphs, and ask students to discuss: 
• the shape of each graph; 
• the conditions that distinguish the nests producing most offspring from those producing least 

offspring. 

Locust populations 

Ask students to find data from textbooks, the library and the Internet about the population 
changes of locusts (or provide selected data). They could investigate either one or both of the 
economically important species of locusts: the migratory locust, Locusta migratoria, or the 
desert locust, Schistocerca gregaria. Tell them to find out the conditions that result in the huge 
swarms that migrate long distances and devour all the vegetation on which they settle. 

 
 
 
 
 
 

 
Information on the great tit can be found in: 
G. Monger (ed.) (1986) Nuffield Advanced 
Science: Biology Study Guide 2, Longman, 
pp.488–94. 

 

ICT opportunity: Use of the Internet. 
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Objectives Possible teaching activities Notes School resources 

Discuss with students the dynamic relationship between diversity and numbers of organisms 
and the environmental factors in an ecosystem. Also discuss how this ‘balance of nature’ may 
be disrupted by an addition of a new species into the community or by a significant change in 
an environmental factor. Typical examples for discussion might include the following. 
• The prickly pear cactus, Opuntia sp., introduced into Australia and South America. A garden 

escapee in Australia, the cactus covered over four million hectares of agricultural land at one 
time.  

• The giant kelp, from Japanese waters, which now competes with native seaweeds in the 
waters of the UK and Europe. 

• The cane toad introduced to Australia to control a pest of sugar cane has proved disastrous, 
with the toad devouring many of the rarer native species. The cane toad population is 
growing enormously and is itself becoming a pest. 

 

 

 

 

Ask students to work in pairs or small groups to explore which human activities impact on the 
environment. Then reassemble the class for discussion of each group’s contributions. 

Get students to produce a flow chart showing the impact of humans through time from the 
Stone Age to the present day. Destruction of habitat is probably the single biggest impact on the 
environment made by humans. 

 

 

 

 

 

Ask students to use their textbooks, the library and the Internet to find information about 
examples of long-term impact, including: 
• desertification as a result of climate change, vegetation being cut for fuel and overgrazing; 
• deforestation with loss of species, soil erosion, loss of soil fertility and soil water; 
• global warming; 
• acid rain; 
• destruction of the ozone layer; 
• over-fishing; 
• hunting (e.g. rhinos, tigers, whales); 
• pollution by, for example, chemicals, radioactive waste. 

Provide a series of photographs taken of the same environment over many years to allow 
students to determine the extent of human impact (e.g. aerial photographs of the Amazon 
rainforest). 

Provide a graph displaying the atmospheric levels of carbon dioxide together with another 
displaying the temperature records for the same period. Discuss the graphs. 

Provide maps displaying the atmospheric levels of sulfur dioxide accompanied by information 
on the distribution of lichens (the lichens are well-known indicators of atmospheric pollution). 
Discuss the maps and any correlations. 

ICT opportunity: Use of the Internet. 
 
 
 
 
 
 
 
 
 

Provide suitable photographs, graph and maps. 

 

2 hours 

Impact of human activities 
Explain examples of short- 
and long-term human impact 
on a variety of environments. 

Provide a graph or table displaying the numbers of whales caught by hunters related to the 
number of hours spent hunting. Discuss the significance of this. 

Tell students to use their textbooks, the library and the Internet to find examples of species that 
have become extinct, or are close to extinction, because of human activity (e.g. the dodo of 
Mauritius, the Tasmanian wolf of Australia). 

A suitable graph can be found in M. Roberts, M. 
Reiss and G. Monger (1993), Biology Principles 
and Processes, Nelson.  

ICT opportunity: Use of the Internet. 
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Objectives Possible teaching activities Notes School resources 

Investigate an example of a short-term impact of human activity by conducting a field study 
involving all students working as a team. A good example would be to investigate the effect of a 
sewage outfall on a river community. As a class, collect samples of organisms using nets 
upstream from the outfall and compare these with other samples taken at intervals downstream 
beyond the outfall. Identify the organisms using keys for river organisms. 

If a field study is not possible, then use secondary evidence from textbooks or the library 
instead. Compare and explain graphs displaying the diversity of species found in the river 
community and their populations. 

Alternatively, students might investigate a waterway displaying evidence of eutrophication 
(i.e. one that has become artificially enriched with mineral ions such as nitrates or phosphates) 
and compare it with a body of water that has not been so affected. Let students sample the 
waterway as described above. 

Field work opportunity: Sample a river 
community with appropriate equipment, 
including nets. 
Enquiry skill 11A.1.7 
 

Enquiry skill 11A.1.8 
 
 

 
 
 
 

  

Get students to carry out a laboratory investigation into the effect of sulfur dioxide on plant 
growth as follows: 
• grow six similar pots of plants (e.g. cereals); 
• water each pot with a particular concentration of weak sulfuric acid to simulate acid rain 

caused by sulfur dioxide; 
• observe the appearance of the plants over several weeks of treatment; 
• discuss the results. 

Encourage students to produce a poster displaying the impact of humans on the environment. 
 

Enquiry skill 11A.1.3 
 
 
 

 
 
 

Enquiry skill 11A.3.4 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Explain the population changes displayed in the accompanying graphs showing phytoplankton 
and zooplankton over several years. 

Provide a graph displaying population changes 
of phytoplankton and zooplankton. 

 

Give examples of organisms that display inter-specific competition. Explain competition 
between these organisms by referring to the terms ecological niche and the competitive 
exclusion principle. 

  

Explain how disease affected the population of a named organism.   

Explain what is meant by the balance of nature and how it might be affected by human 
activities. 

  

Explain the factors that regulate the cyclical fluctuations in lemming populations.   

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Examine and explain the graph showing the increase in the human population of the world for 
the last two thousand years. 
 

Provide a graph showing the increase in the 
human population of the world. 
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