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About this Resource Pack
This pack was written by Dr Lauren Gough and Dr Amy Rogers (OPAL East Midlands, University of Nottingham).  It is free to use for teaching purposes and additional electronic copies can be downloaded from www.OPALexplorenature.org/heathlandresources.  This pack contains materials to support a field study in a heathland, one of our most endangered and fragile habitats.  It is primarily aimed at students studying KS5 Biology and Environmental Studies.

The main aim of this resource is for students to understand the impact that roads can have on heathland habitats, both in terms of anthropogenic nitrogen pollution and habitat fragmentation.    

The resource provides practical, scientific investigations without the need to organise a field trip.  The resource is divided into three separate sections (see table below).  You do not need to complete all three sections.  

	Section
	Aim
	Skills & topics covered

	Section A 
	Introducing the case study site: the Devil’s Punch Bowl SSSI
	Nature conservation designations


	Section B
	The effect of anthropogenic nitrogen pollution on heathland vegetation.
	Plant identification

Collecting plant percentage cover data from quadrats

Random and systematic sampling

Bar graphs (clustered)

Interpreting data displayed on graphs

Limitations and sources of error in practical investigations

	Section C
	The effect of habitat fragmentation on heathland
	Scatter plots
Interpreting data displayed on graphs


A separate resource introducing students to heathland habitats is available from Open Air Laboratories (www.OPALexplorenature.org/heathlandresources).  It is recommended that this resource (or aspects of this resource) are used to introduce the students to the heathland habitat before commencing the virtual field trip.  

Resources Available

PowerPoint presentation – introduces students to nitrogen deposition and why it is a problem for heathlands, and leads students through each of the activities including: aims, objectives, data collection, analysis and evaluation.  Tests and questions are included to provide interactive elements.  

Quadrats (online version) – this PowerPoint document contains photographs of quadrats for students to calculate the percentage cover of different plant species (or groups of plant species) at two sub-sites.  Using this resource will require students be able access computers with the PowerPoint software (individual access or one computer between two).

Quadrats (print version) - Photos of quadrats can also be provided as printed sheets.  
Student workbook – gives students questions to work through, including graphical analysis. 

Curriculum Links

	OCR GCE Biology 

	Unit F212: Biodiversity and Evolution (AS) 
	Explain the importance of sampling in measuring the biodiversity of a habitat.  

	
	describe how random samples can be taken when measuring biodiversity.

	
	

	
	Investigate the problems involved in collecting data in the field.  

	
	Measure the species richness of a habitat

	Unit F215: Ecosystems and Sustainability (A2) 
	Biotic and abiotic factors. 

	
	Measure the effect of a changing abiotic factor on the distribution and/or abundance of an organism.  

	
	Assess the limitations of ecological investigations.

	Practical Skills in Biology 1 & 2
	Analyse and interpret data to provide evidence.

	
	Process results quantitatively.

	
	Make and record valid observations

	
	Use scientific knowledge and understanding to suggest explanations for trends and patterns in data.

	
	Identify and explain the main limitations of the data collection strategy.

	
	


	AQA GCE Biology 

	Unit 2: The Variety of Living Organisms (AS) 
	Species diversity. 

	Unit 3: Investigative and Practical Skills in AS Biology (AS) 
	Plotting data as bar charts and scatter graphs.  

	
	Draw valid conclusions, relating explanations to specific aspects of the data collected and applying biological knowledge and understanding. 

	
	Identify the limitations of the techniques used; discuss the effects of these limitations on the reliability and precision of the data and on the conclusions being drawn. 

	Unit 4: Populations and Environment (A2) 
	Investigating populations – the use of percentage cover as a measure of abundance. 

	
	Investigating populations – random sampling with quadrats and counting along transects to obtain quantitative data.

	
	Analyse and interpret data relating to the distribution of organisms.

	
	Appreciate the tentative nature of conclusions that may be drawn from such data.

	
	Variation in population size – the effect of abiotic factors 

	Unit 6: Investigative and Practical Skills in A2 Biology (A2) 
	Collection of reliable quantitative ecological data involving a specific abiotic factor, and percentage cover.  

	
	Identify the limitations of the techniques used; discuss the effects of these limitations on the reliability and precision of the data and on the conclusions being drawn. 


	Edexcel GCE Biology 

	How Science Works
	 Analyse and interpret data to provide evidence, recognising correlations.

	
	Evaluate methodology, evidence and data

	
	

	Unit 3: Practical Biology and Research Skills (AS) 
	Produce and record reliable and valid results.

	
	Present and analyse data – use appropriate methods to analyse results, present data and identify trends, patterns and/or observations.

	Unit 4: The Natural Environmental and Species Survival (A2) 
	Explain that the numbers and distribution of organisms in a habitat are controlled by biotic and abiotic factors.

	
	Describe how to carry out a study on the ecology of a habitat to produce valid and reliable data. 

	
	

	Unit 6: Practical Biology and Research Skills (A2)
	Produce and record reliable and valid results.

	
	Present and analyse data – use appropriate methods to analyse results, present data and identify trends, patterns and/or observations.


	AQA GCE Environmental Studies 

	Unit 1: Wildlife Conservation (AS)
	Conservation in the UK – UK and International protected area designations.

	
	Habitat change.

	
	Introduction to UK habitats.

	
	Threatened habitats in the UK. 

	Unit 1: Life Processes in the Biosphere (AS) 
	Adaptation to the environment. 

	
	Abiotic factors. 

	Unit 1: Practical Skills (AS)
	Random sampling using quadrats

	
	Measuring species percentage cover

	Unit 3: Pollution (A2) 
	Atmospheric pollution 

	Mathematical Requirements
	display and interpret bar charts

	
	Plot and interpret graphs involving two variables, using logarithmic scales where appropriate.


	AQA GCE Geography 

	Unit 3: Contemporary Geographical Issues.  Option 3 – Ecosystems, Change and Challenge.  
	Ecosystems in the British Isles over time. 

	
	Ecosystems issues on a local scale: impact of human activity.

	Skills Checklist
	Bar graphs

	
	Scatter graphs  

	
	Logarithmic scales 


	Edexcel GCE Geography 

	Unit 3: Contested Planet – Biodiversity Under Threat.  
	Biodiversity threats. 


	OCR GCE Geography 

	Unit F763: Environmental Issues – Ecosystems and Environments Under Threat.  
	In what ways are physical environments under threat from human activity. 

	Geographical Skills
	Bar graphs

	
	Scatter graphs  

	
	


Background

What are lowland heathlands?

Lowland heathlands are open habitats, found less than 300m above sea level, and are usually dominated by heather and different species of grass. Shrubs, such as gorse, are frequently present in addition to scattered trees such as birch and oak. Bracken often becomes a pest species within heathlands. Lichens, fungi and mosses are common on the ground. 

Heathlands are typically associated with sandy, acidic, low nutrient soils. Heathland sites may be large open areas or small fragmented patches within a woodland habitat. Heathlands are rare habitats and many are classified as Sites of Special Scientific Interest (SSSI). This means particular care must be taken to avoid damaging sites and you must have land owner permission to carry out any activities on site. 
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Where did they come from and where are they going!

Historically, many heathlands are the result of humans clearing the landscape for agriculture and timber. If left unmanaged, many would gradually undergo succession to form a forest. Many heathlands are managed carefully to maintain them as a heathland. Common management techniques include grazing or mowing to control the percentage cover of grass, rolling or chemically treating bracken to remove it, and tree removal. 

What lives there?

Heathlands contain many species that are endangered or threatened. They are extremely important habitats for spiders and one of the only habitats in the UK that can contain all six of our native reptile species. Particular risks associated with heathlands in some areas include the possibility of encountering adders. A number of critically endangered birds are associated with heathlands, including the nightjar.  Some heathland birds are ground nesting and it would be best to avoid carrying out field trips to a site if birds are nesting there. Disturbance could result in them abandoning their nest.

What’s threatening this rare habitat?

Heathlands have declined rapidly over the last century. For example, Nottinghamshire is thought to have lost over 96% of its heathland during the last 250 years (Clifton and Keymer, 2009).  Heathland is a priority habitat and many landowners are working actively to create more heathland habitats. Threats to heathlands include loss due to human activity (e.g. building housing estates), damage through inappropriate use (e.g. by dirt bike riders and rubbish tippers) and pollution. 

Nitrogen pollution

The main form of pollution threatening heathlands is nitrogen pollution. Nitrogen pollution is pollution caused by nitrogen containing compounds. Nitrogen-pollutants include 

· Nitric Oxide (NO) and Nitrogen Dioxide (NO2) – collectively known as oxides of nitrogen (NOX)  

· Ammonia (NH3) 

Nitrogen pollution is a consequence of human activity e.g. NOX from burning fossil fuels, and NH3 from agricultural practices. 

The amount of readily available nitrogen in the environment would naturally be a highly conserved cycle and normally nitrogen would be a limiting resource in different habitats. Over the last 300 years the amount of available nitrogen has shown huge increases due to an increase in fossil fuel burning and the development of the Haber-Bosch process to fix nitrogen in the air. The effect of nitrogen pollution on the environment is the subject of ongoing research. Nitrogen pollution is thought to have an effect on human health, reacting with haemoglobin in the blood, decreasing the function of the thyroid gland and causing Vitamin A deficiencies. Nitrous oxide is an important greenhouse gas and is thought to be contributing to climate change. The deposition of nitrogen into ecosystems can also affect the way that plants grow. To some plants it acts as a fertiliser and promotes growth. Other plants can become more sensitive to drought, frost and insect attack.  

In heathland habitats, an increase in nitrogen is thought to promote the growth of fast growing species such as grass, bracken and bramble which then out-compete heathland specialists such as heather. 

References
Clifton, S.J. and Keymer, R.J. (2009).  The Lowland Heathlands of the English East Midlands.  Pp 48 – 62 Lowland Heaths: Ecology, History, Restoration and Management.  Journal of Practical Ecology and Conservation Special Series, No. 5. 

Answers to Sections
Section A: Introducing the case study site - Devil’s Punch Bowl SSSI
	A1:
	Nature conservation designations at the Devil’s Punch Bowl

	a)
	Which of the designations aims to protect an area under the European Union Birds Directive?

	SPA

	b)
	Which of the designations is applied to areas of high scenic quality?

	AONB

	c)
	Which of the designations are given to areas of high biological, geological or physiographic importance?

	SSSI


Section B: The effect of anthropogenic nitrogen pollution on heathland vegetation.
Please note that the photos of quadrats provided are not of the Devil’s Punch Bowl SSSI but were taken at a heathland site in Nottinghamshire.  The species present at both sites would be expected to be similar.
	B1
	At what distance from the A3 does the effect of the traffic emissions on the heathland vegetation become minimal?  

	Given that the A3 has an average annual daily traffic volume of 20,000 vehicles, use the graph below to estimate the distance beyond which the effect of A3 traffic emissions on heathland vegetation should be minimal (note that the x-axis is on a logarithmic scale).

	Approximately 90 m (answer will vary depending upon position of best-of-fit line and estimation of value on y-axis).
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B2 Investigating whether the traffic emissions from the A3 affect the plant species composition of the Devil’s Punch Bowl heathland
NB – There is no ‘correct’ answers to questions B2.  Percentage cover estimates will vary between students as it is a subjective measure - this could be demonstrated by asking students to compare the value they wrote down.  The table below provides estimations of the percentage cover of the different species (or group of species) measured to the nearest 5%.
The quadrat photos can be provided to the students electronically (in the separate PowerPoint file) or on paper using the PDF document provided.  If the quadrat photos are provided as a paper resource, there is an accompanying grid (Quadrat template.ppt) which can be printed on OHP transparent paper to aid percentage cover measurements.  
	
	Close to A3
	Far away from A3

	
	Quadrat 1
	Quadrat 2
	Quadrat 3
	Quadrat 4
	Quadrat 5
	Average
	Quadrat 1
	Quadrat 2
	Quadrat 3
	Quadrat 4
	Quadrat 5
	Average

	Dwarf shrubs
	0
	10
	0
	10
	0
	4
	25
	80
	80
	50
	85
	63

	Bracken
	50
	50
	45
	55
	70
	54
	0
	0
	0
	0
	15
	3

	Grasses
	85
	35
	35
	30
	50
	47
	60
	5
	0
	20
	0
	17

	Moss
	5
	5
	5
	0
	15
	6
	10
	10
	20
	30
	15
	17

	Lichen
	0
	0
	0
	0
	0
	0
	5
	10
	0
	0
	0
	3


	B3
	Using the data generated in question B2 plot a bar graph showing the average percentage cover of each species group in the quadrats close to the A3 and far away from the A3.  Either use graphical software (such as Excel) or use the graph paper below.  Make sure you give your graph a title and clearly label both axes.

NB – There is no ‘correct’ answers to questions B3.  Percentage cover estimates will vary between students as it is a subjective measure - this could be demonstrated by asking students to compare the value they wrote down.  
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	B4
	Using the data collected in B2, describe the apparent effect of the A3 on the heathland vegetation, with reference to specific species groups where relevant.


Students may note the following:

· Only quadrats far from the A3 contained lichen, indicating that the air pollution from the traffic is preventing lichen from colonising sites close to the A3.

· Quadrats far from the A3 have more moss.

· Quadrats close to the A3 contain more invasive/fast-growing species (i.e., bracken and grass). 

· Quadrats close to the A3 do not contain as high a cover of dwarf shrubs (notably heather) as quadrats far from the A3,

· The latter two points are consistent with the theory that the traffic on the A3 may be causing nitrogen deposition and an increase in soil fertility at locations close to the road.  This is of concern for the conservation of the heathland habitat in the areas of the site that border the road.

Section C: The effect of habitat fragmentation on heathland

	C1:
	Fragmentation and edge habitat

	Figure 1 shows two heathlands; Heathland 1 is a single continuous habitat, Heathland 2 has been fragmented into two discreet habitats by a road.  Which heathland has a higher proportion of edge habitat?

	The fragmented heathland has the highest proportion of edge habitat.  


C2:  Heathland fragment size and nitrogen deposition
In 2011 a scientist at Nottingham University investigated 12 heathland sites. For each site he recorded the amount of nitrogen deposition the site received and the area of the site.  The data he collected is shown in the table below.  
Plot a scatter graph to show the relationship between the size of the heathland sites and the amount of nitrogen deposition they receive.  Either use graphical software (such as Excel) or use the graph paper provided on page 6.  Make sure you give your graph a title and clearly label both axes.  If drawing the graph in Excel, add a best-fit line through the data (hint: right-click on a data point and choose ‘add trendline’)
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	C3:
	Heathland fragment size and nitrogen deposition

	Using the graph created in C2, what would you expect to happen to the level of nitrogen deposition at a heathland site if it became fragmented into two smaller sites.  Can you explain why?  

	Based on the graph, if one larger heathland site was fragmented into two smaller sites you would expect the level of nitrogen deposition to increase.  This is because of the increase in edge habitat, i.e., the increase in area of the heathland that is immediately adjacent to other land uses.  If these land uses generate nitrogen pollution (e.g., emissions from traffic, fumes from factories or run off from agricultural land) you would expect the amount of nitrogen deposition to increase.  


Virtual Field Trip: Heathlands and Roads 


An investigation into anthropogenic nitrogen deposition and habitat fragmentation





TEACHER’S NOTES AND ANSWER BOOKLET





Typical lowland heath
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