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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 is primarily aimed at students studying KS5 Biology, Geography and Environmental Studies.

This resource aims to provide an introduction to the lowland heathland habitat.  It is based upon the ‘Delegation” exercise described in Paul Ginnis’ book “The Teacher’s Toolkit” and provides a student-led, interactive approach to covering the material.      
Content
This resource contains materials on 5 topics relating to lowland heathlands. These include:

· The biotic components of lowland heathlands (plants and animals)
· The abiotic characteristics of lowland heathlands

· The formation of heathlands, and
· The status of heathlands in the UK and the threats to the habitat.
The materials contain information in a variety of formats including text, videos and images.  More information about the specific materials available is given below (pages 4 – 5).
How to use the resource

1. Set up the five resource stations around the room.

2. Put the students into groups of 5 or 6.
3. Each group has the same objective: to understand and learn all aspects of the topic exhibited around the room – in this case to obtain an understanding of heathland habitats.
4. Each group must decide which student to send to which resource station.  Students (or ‘delegates’!) go to their assigned stations and work to a common deadline to understand the material and make notes to take back to their group.  Students from different groups using the same resource can help each other master the resources, so everyone goes back to their home group with a clear understanding of the material.  
5. Students are given 15-20 minutes to master the resources at their station.

6. After the time is up, the students return to their groups where they take it in turns to teach the other members of their group about their topic (15 minutes).

7. Once they have taught each other, each group could create a poster entitled ‘Why Heathlands are Important” which they present to the rest of the class (5 minutes for each group – to include presentation and any comments from rest of the class).  For a shorter lesson a poster/PowerPoint could be completed for homework and presented the following lesson.  Alternatively students could take part in a short heathland quiz at the end of the lesson rather than create a poster (an example quiz has been provided on the associated PowerPoint).
Alternative ideas

· Different groups could be given different questions to answer/posters to present.  This would mean that all students would have to make sure they fully understood their resource as the question may be more strongly weighted towards their resource than the other team members.  
· When presenting to the rest of the class, other teams should be given the opportunity to comment upon the poster/PowerPoint presentation adding any extra ideas they may have gained from the resources.
· Answers to questions could be provided in envelopes towards the end of the 15 minute period that students have to become familiar with their topic.  This would enable self-assessment and to ensure that they have the correct information for the group discussion.

Curriculum Links

GCSE: Ecology, Interdependence, Bio indicators, Soil Chemistry, Abiotic/Biotic Factors, Human Impact on the Environment, 
A-Level: Abiotic/Biotic Factors, Ecosystems; Interpret Data, UK Habitats, Threatened Habitats, Adaptation to the Environment.

Materials provided
	Topic
	Number of students at the station
	Aim
	Materials provided

	Heathland plants
	1
	Discover the plants species that typically dominate heathlands and discover how they are adapted to the harsh physical environment found in heathlands.    
	Material type: Web challenge

Details:  Students use the internet to find out which plants are commonly found in heathlands and to learn about the adaptations that three particular plant species have to the heathland environment. Students will also look at the differences between vascular plants and moss and lichen and investigate how heathland plants used to be used by humans. 

	Heathland animals
	1
	Find out about the type of animal species that heathlands do and do not support.
	Material type: Web challenge, Graph Interpretation
Details: Students use the internet to find out the difference between uricotelic and ureotelic excretion and explain why certain groups of animals are more commonly found in heathlands that others. Students find out about rare species that are associated with heathland habitats and interpret graphical information about heathland species prioritised for conservation.

	Abiotic environment
	1
	Understand that heathland soils are acidic, with low nitrogen content and tend to be sandy, free draining soils. 
	Material type: Experiment 

Details: Students are presented with a soil sample and asked to measure the following characteristics of the soil:

· pH

· Nitrogen content (test to be set up before lesson)
· Texture.  NB. This requires use of a soil texture chart. A suitable one can be downloaded as a free pdf from the OPAL website 

www.OPALexplorenature.org/sites/default/files/7/file/Field-guide-OPAL-online.pdf  (pages 3-4 of the OPAL Soil and Earthworm survey pdf)

	Formation of heathlands
	1
	Understand how heathlands form and that they are a man-made habitat
	Material type: Video

· ‘Introduction to Coversands heathland- how it was formed and why it is so important’– available from www.OPALeastmidlands.org/heathlandresources follow the link to the Coversands Heathland Project (please note, this video focuses on Lincolnshire, although the principles of formation are similar for all lowland heathlands).  Video duration – 13 minutes.

	Today’s threats
	1-2
	Understand the modern-day threats to the heathland habitat and its ecology, including development, nitrogen pollution and habitat fragmentation.  
	Material type: Web Challenge
· Students use the following websites to help them to list the main threats to heathlands

· www.southdowns.gov.uk/learning/themes-to-study/habitats/heathland/threats-to-heathland
· jncc.defra.gov.uk/page-5942

· ukreate.defra.gov.uk/PDFs/Leaflets/Lowland%20heath.pdf

· www.bbc.co.uk/news/uk-england-13721441 
· www.bbc.co.uk/news/science-environment-13836059
Material type: Graph Interpretation
· The condition of UK lowland heathland sites designated as SSSI or SAC (filename: Status of heathlands.ppt).


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 pine. 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 nightjars.  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. 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. release of 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. 
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Notes about topics and answers (where relevant)
Heathland Plants: Web Challenge
Answers to questions:

1a. Heathlands are open landscapes. 

1b. Shrubs have the greastest cover followed by grasses.  There are also some scattered trees.  To be considered a heathland, dwarf shrubs should cover at least 25% of the ground.  Heathlands provide habitat for different species of grass and scattered trees such as birch and pine.
2. Heathlands are characterised by dwarf shrubs such as heather (Calluna vulgaris), bell heather (Erica cinerea) and gorse (Ulex europaeus).  Students may also come across other shrub species such as bell heather (Erica cinerea), cross-leaved heath (Erica tetralix), and bilberry (Vaccinium myrtillus).
3. Answers might include the following:
· Heathlands are characterised by poor (low nutrient) soils. It can be difficult for plants to gain sufficient nutrients from the soil. 
· Heathland soils are usually sandy. Sand particles are large and this creates large air spaces so drainage tends to be rapid. Important minerals are leached (washed) away and soil humidity may be low-which means plants need to be able to reduce their transpiration rate to avoid drying out.

· Heathlands have acidic soils. Soil nitrification reduces at lower (acid) pH values so less nitrogen is available for uptake by plants. 

· Heathlands are open habitats that are often wind swept, which can cause a high transpiration rate and possible bud damage. 

· The limited vegetation cover means that temperatures at ground level fluctuate widely.  

· Waterlogging can occur in some heathland areas, this drives oxygen out of the soil and increases root infections. Under anaerobic conditions, nitrogen in the soil is converted into nitrogen gas, which cannot be used by plants.  
4. Common heather (Calluna vulgaris) - Common heather is a mycorrhizal plant.  A mycorrhiza is a symbiotic association between a fungus and the roots of a plant.  The heather benefits from the relationship because the mycorrhiza helps the plant obtain nutrients from the soil (including nitrogen).  The fungus benefits from the relationship because it obtains a supply of carbohydrates from the plant. Heather has small leaves (i.e., reduced surface area), thick cuticles and sunken stomata to minimise water loss by transpiration. 
Dwarf Gorse (Ulex minor) - Dwarf gorse is a member of the legume family of plants.  Many species of legume, including gorse, can form symbiotic relationships with a type of bacteria called rhizobia.  Rhizobia are held within nodules on the roots of the plant.  Rhizobia are able to fix gaseous nitrogen and convert it into ammonia which can then be used by the plant.  Gorse has needle like leaves and a thick waxy cuticle to reduce water loss by transpiration. 
Sundew (Drosera rotundifolia) - Sundew plants can be found in wetter parts of heathland.  Sundew are insectivorous.  Insects are attracted by the bright colour of the foliage and the sticky, sweet substance (mucilage) exuded from glands on the leaves.  Once an insect lands on the leaf it becomes trapped in the mucilage and the leaves fold over to trap the prey.  Enzymes are excreted which dissolve the insect allowing the plant to absorb the nitrogen and other nutrients from the insect’s body.

5a. Mosses do not have a wide variety of specialised tissue and do not have a vascular system (xylem or phloem) to transport nutrients; they rely on osmosis and diffusion instead.  Lichen consist of two or more species living symbiotically, both benefitting from the partnership. One partner is a fungus and the other is an alga or cyanobacterium.  The fungus provides structure and protection to the organism, whiles the alga (or cyanobacterium) use photosynthesis to produce nutrients for the organism.  
5b. Heathland examples include:
· Moss: sphagnum moss, bog moss, feather moss.
· Lichen: Reindeer Moss (Cladonia portentosa), Gritty British Soliders (Cladonia floerkeana), Mealy Pixie-cup (Cladonia chlorophaea).
6.  Answers could include the following:

· Bracken grows vigorously and shades out other plants. 
· The litter created by bracken forms a dense carpet inhibiting plant growth. 
· Bracken produces an allelopathic chemical which reduce the growth and survival of other plants nearby.
7a. 
	Dry Heaths
	Wet heaths

	Heather, bell heather, gorse, eyebright, tormentil, heath milkwort, cowberry, heath bedstraw, bilberry, sheep’s sorrel.
	Cross leaved heath, purple moor grass, deer grass, sphagnum, sundews, bog myrtle, sallow scrub, heath rush, hare’s tail cotton grass, marsh gentian sedges


7b. Wet heaths tend have more plant species (i.e., greater plant species richness) than dry heaths.
8.  Heather has been used as fuel, bedding, to make beer and tea, source of food for livestock, used to dye wool and to tan leather, making brooms, in walls and thatch of houses, floor coverings, weaving baskets and fencing, making rope, infused into tonics to treat consumption and coughs, nerves, depression and heart ailments and in ointments to treat arthritis and rheumatism.
Heathland Animals: Web Challenge and Graph Interpretation
Answers to questions:

1a. Both terms relate to the excretion of nitrogen wastes by animals.
· Uricotelic – Animals that excrete uric acid.
· Ureotelic – Animals that excrete urea

1b. Uric acid is almost insoluble in water and can be excreted in a near solid state.  Consequently, large volumes of water are not needed for uricotelic excretion. Urea needs to be dissolved in water so that it can be excreted with the urine.  This form of excretion (ureotelic) requires greater quantities of water than uricotelic excretion.

2. Birds, reptiles and invertebrates are typically uricotelic, where as mammals and (adult) amphibians are typically ureotelic.

3. Because heathlands have free draining soils, there is typically little standing water.  Consequently, species that excrete nitrogen compounds in the form of uric acid (uricotelic organisms – i.e., those species that do not need large volumes of water for excretion) are more common, i.e., birds, reptiles and invertebrates.
4. Species that students might research include: ladybird spider, adder, smooth snake, sand lizard, Dartford warbler, European nightjar. 
5a. The UK Biodiversity Action Plan is a programme for conserving biodiversity in the UK. Priority species and habitats have been identified due to either their rarity or rate of decline.
5b. Species with restricted habitats will be badly affected if there is loss or damage to these habitats as they are unable to move to other types of habitat.

5c. 72 priority species associated with heathlands have a ‘restricted’ or ‘very restricted’ range.

5d. Invertebrates make up 65% of the priority species with a ‘restricted’ or ‘very restricted’ range.
Abiotic Environment: Soil Testing
Notes:

This activity uses simple soil tests to determine the pH, nitrogen content and texture of the soil.  To create an artificial heathland soil in the lab mix 3 parts ericaceous compost with 2 parts sand. 
This resource has been developed using the mini soil test kits sold by Tenax (www.tenax.co.uk).  Other soil test kits are available, or, alternatively, testing can be performed using alternative laboratory techniques such as litmus paper to test pH.  The soil tests take some time for sediments to settle and colours to develop. It is recommended that students set up the pH test first and then conduct the other analyses whilst the pH test is developing.  If using the tenax soil kits, the nitrogen test takes at least 20 minutes for the sample to settle and colour to develop. It is suggested that you set up the nitrogen test yourself beforehand and students interpret the result using an indicator chart.
Soil pH - Healthy heathland soil should be acidic. You could use litmus paper as well as the soil kit and discuss the relative merits of each method. 
Nitrogen content - Heathland soils should be deficient in nitrogen. If the soil is unpolluted, the test should indicate that soil nitrogen levels are ‘deficient’.  If nitrogen pollution is present, the test will indicate ‘adequate’, ‘sufficient’ or ‘surplus’ soil nitrogen conditions depending upon the level of pollution. Heathland plants are adapted to low nitrogen conditions, many of the plants have specific adaptations to such low nutrient conditions.  Nitrogen pollution can increase the levels of nitrogen in the soil, allowing faster growing species such as grasses, bracken, bramble and birch to invade the heathland.  Once established these species may outcompete the heathland specialists resulting in a change in the habitat and the ultimate loss of the heathland.  
Soil texture - Heathland soils are typically quite sandy.  
Answers to questions:
1. Correct words are underlined in the passage below:
Heathland soils are alkali/acidic/neutral with a low/moderate/high level of nitrogen. Heathland soils tend to be characterised by a high proportion of sand/loam/clay. This means that the soil contains a high proportion of large/medium/small particles that are spaced far apart/close together and so the soil is likely to be free-draining/waterlogged. Nutrients are likely to be leached from the soil/held within the soil.
2. Why is soil important to plants? 
It provides a growth medium and is the main source of nutrients, water and minerals to plants
3. What other characteristics of soil could you investigate?

Moisture content, temperature, humus content, level of other nutrients e.g. K, P, level of contaminants e.g. heavy metals, permeability, grain size
Heathland formation: Video
Answers to questions:

1. Where in the world is lowland heathland typically found?

Small areas of Europe and parts of Scandinavia

2. What role did glaciers play in the development of Coversands heathlands?

During the last ice age, ice sheets expanded southwards across Britain.  As they moved across the landscape they eroded the underlying soils and rocks.  When the ice sheets melted they left large deposits of soil, rock and clay.  These deposits formed the basis of the poor acidic soils that heathlands are found on today.  

3. Give two reasons why early humans cleared woodland to create open clearings.

To attract and make it easier to catch animals (game).

To create space for agriculture and grazing animals.
4. Why did the clearings created by humans revert to heathland?

By 1000BC the clearance of the land and constant farming had begun to deplete levels of important nutrients in the soil.  When the climate changed around 1000BC the change to heathland became inevitable.  

5. What happened to the climate around 1000BC?

The climate got colder and wetter.   

6. Why is the British climate ideal for heathland formation?

The British climate is ideal for heathland creation because it is cool with regular and reasonable quantities of rainfall.  As rains drains through sandy soils it washes out the important minerals and clays creating the poor acidic soil that heathland plants need to thrive.  
7. What is a podsoil?

A podsol is a nutrient poor, acidic soil. 

8. Name two species of plant that can thrive in the harsh heathland environment.

Any two of: heather, gorse and coarse grasses.
9. Give three actions performed by peasants during the medieval period that helped to maintain heathland sites.

Any three of the following: collect wood and bracken for fuel, grazing animals, cut turf, gather firewood.  
10. What happened to heathland sites when they were fenced off and no longer managed by human activity?

They reverted to their original state (woodland) and become over-run with tree, scrub and bracken

Today’s threats: Web Challenge and Graph Interpretation 

Answers to questions:

Question 1: The main threats currently facing lowland heathland in the UK include:

	Threat
	Effect

	Lack of management or inappropriate management.
	The existence of heathland is dependent on management e.g. grazing, controlled burning, and the removal of bracken/scrub/trees. Many sites lack management.  This can result in heathlands of poor quality or the loss of the heathland site altogether.   Inappropriate management e.g. inappropriate surfacing of paths and tracks, management that suppresses appropriate disturbance of soils, and inappropriate grazing regimes, can reduce the quality of existing habitat and reduce biodiversity. 

	Habitat loss and fragmentation e.g. by changing land use, urban development, conifer planting, conversion to farmland.
	Heathlands decreased in size or completely destroyed. The fragmentation of heathland can lead to increased vulnerability of species dependent on heathland as they are less able to disperse between and re-colonise sites. 

Some threats e.g. pollution, arson, and disturbance are increased due to proximity to urban areas.

	Recreational and urban disturbance.
	Excessive disturbance of wildlife, pollution through dog fouling and littering, damage though tramping and erosion. 

	Phytophthora disease.
	Water borne fungus has caused localised severe dieback of bilberry/blueberry plants on heathlands and could spread to other ericaceous shrubs.

	Water pollution and drainage.
	Wet heaths need adequate levels of unpolluted water- they can be threatened by drainage or inflow of enriched water which encourages the spread of non-heathland vegetation.  

	Nitrogen deposition.
	Effects the growth, chemistry and species composition of heathland vegetation and nutrient cycling within heathland ecosystems. Can increase the sensitivity of heather to drought and frost and encourage faster growth of heather beetle, which feeds exclusively on heather. Can increase dominance of grasses at expense of heather. Lichens and mosses can be particularly sensitive to nitrogen deposition. Can lead to reduction in heather root growth, build up of nitrogen stores and changes in rate of nutrient cycling due to changes to the microbial community composition.

	Damage from accidental or deliberate fire.
	Uncontrolled burning can lead to habitat loss and particularly effect slower moving creatures e.g. smooth snake and sand lizard


Question 2:

a. SSSI = Sites of Special Scientific Interest, SAC = Special Area of Conservation.  Sites with internationally important wildlife can be designated as SACs.  More than 70% (by area) of SSSI’s are also designated as SACs.

b. 36% of the heathland SSSI and SAC sites are classified as ‘unfavourable not recovering’ or ‘destroyed or partly destroyed’.

Introduction to Lowland Heathlands


Delegation Exercise
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Typical lowland heath








[image: image2.jpg]
3
[image: image3.jpg]

[image: image6.jpg]The University of

Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

r




[image: image7.jpg]LOTTERY FUNDED




[image: image8.jpg]The University of

Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

r




[image: image9.jpg]v'
OQ EXPLORE

NATURE



[image: image10.jpg]LOTTERY FUNDED




[image: image11.jpg]The University of

Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

r




[image: image12.jpg]


