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Pony grazing on heathlands – Teachers notes
This pack was written by Edward Tripp, Dr Amy Rogers and Dr Lauren Gough (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 KS4 students studying Science or Geography.

This field study encourages students to act as environmental scientists to compare two heathlands one of which has been grazed, one of which hasn’t. The pupils will use the data collected to decide which heathland is better in terms of the plant species present, especially heathers, and soil chemistry.

	Activity A: Soil chemistry tests

	Activity B: Grazed heathland vegetation survey

	Activity C: Non-grazed heathland vegetation survey

	Activity D: Comparison of heathland habitats


Contents of this Pack
PowerPoint introduces pupils to heathlands and the concept of habitat management. 

Student workbook gives instructions, background and questions for pupils to work through.

Heathland Plant ID Guide to aid identification of organisms.

Example risk assessment gives ideas for formulating your own, site specific risk assessment.
Curriculum Links
KS4 Science: Ecology, Interdependence, Biotic Factors, Quadrats/Sampling, How Science Works
KS4 Geography: Ecosystems, Human Use of the Environment, Sustainable Use of Environment 
Health and Safety
It’s important to carry out a pre-visit risk assessment. An example is included, but this should always be modified and tailored for each individual visit.
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 grasses. 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. Lowland heathlands are among the rarest habitats in the world. In fact they are rarer than rainforest, and we have 20% of the world’s heathlands in the UK. 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. 
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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, they would gradually undergo succession to form a forest. Many heathlands are managed carefully to maintain them as a heathland. Common management techniques include grazing and tree removal. 
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 increasing soil fertility, leading to invasion by grasses and trees, which grow better when soil nutrient levels are higher.

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 limiting 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. 

What lives there?

It is important to try and halt the decline in heathland habitats because they support 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 only nest in heathlands, including the European 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.

Management

One way to protect heathlands is by management intervention. This can include burning, turf-cutting, mowing and grazing by sheep, cattle or ponies. The aims of management are to reduce cover of grasses and trees, ensure soil nutrients remain at a low level, ensure plants are different ages to encourage structural diversity and meet specific requirements of priority species. Grazing is very effective because animals tend to avoid eating woody heathers, and much prefer to eat grasses and small saplings. This is good for heathlands which require low presence of grasses and trees, which can act to shade heather and cause it to die. Grazing can, however, require a great deal of time investment and expertise and can be detrimental to heathlands if the wrong stocking density or species is used (e.g. too much bare ground and trampling). Cows, for example, might be more likely to eat some heather, and will cause serious trampling if stocking densities are high. Grazing can be preferred to other management, such as burning or mowing, as it is selective in the species that are removed, while other techniques are not. Turf-cutting is great at lowering soil fertility but can remove the heather seed-bank, leading to less regeneration. Burning, on the other hand, needs to be tightly controlled and the heathland can take years to regenerate post-burn. No technique is preferred and all are used on heathlands (frequently two or more techniques will be used on the same heathland over time). It is usually down to the manager to use their experience to determine which technique would suit their heathland management aims.
Choosing a site to visit

Ideally, the site you visit will have access to a heathland that has been grazed and one that has not been grazed within close proximity of each other to allow pupils to compare these two areas easily. One example is the heathland area in Sherwood Pines near Mansfield, Nottinghamshire. Many heathland sites are designated as Sites of Special Scientific Interest as they are extremely rare habitats. You will need land owner permission to undertake field work, particularly if you are working in sites that are designated SSSIs.
Good times to go

This field trip would be best carried out in the summer months when more plants will be flowering, making it a more colourful experience and potentially allowing easier identification of plants. However, nightjar could be nesting from May- August on heathland sites so these months should be avoided if they are known to be present at the site you are visiting. 

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. 
Example Timings of the day
	10am – 10:30am 
	Introduction 

	10:30 – 11:00 am 
	Activity A: Set-up soil chemistry tests 

	11:00 – 12:00 am 
	Activity B: Grazed heathland vegetation sampling 

	12:00 – 13:00 pm 
	Activity C: Non-grazed heathland vegetation sampling 

	13:00 – 13:30 pm 
	Lunch 

	13:30 – 14:00 pm 
	Activity A: Analysis of soil chemistry tests

	14:00 – 14:45 pm 
	Activity D: Comparison of heathland habitats. 

	15:00 pm 
	Depart


Equipment/Resource checklist
	Student workbooks and clipboards
	

	Pencils
	

	Facilities/equipment to run PowerPoint on site
	

	Camera
	

	First Aid Kit
	

	Activity A: Soil Chemistry Tests 

	

	Soil testing kits 
	

	Trowels
	

	Test tubes and test tube holders (optional)
	

	Water bottles
	

	Soil pH meter (optional)
	

	Activities B & C – Vegetation surveys
	

	Quadrats                        
	

	Tape Measures (2x 50 m)
	

	Random Number Table/Generator (or calculator with random number function)
	

	 The OPAL Guide to Heathlands in the East Midlands (download for free from www.OPALexplorenature.org/heathlandresources or request a hard copies from opaleastmidlands@nottingham.ac.uk).
	

	Compasses (optional)
	


Activity A: Soil Chemistry Tests

This activity uses a simple soil test kit to investigate chemical components of the heathland soil.  The 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 after the field study in the school laboratory, provided you have permission to remove soil from the site.  If you choose to complete the soil analyses in the laboratory, emphasise that the field study will use bio-indicators (i.e. plants and lichens) to investigate the pollution levels present.

The first test looks at soil pH.  Healthy heathland soil should be acidic. You could take a digital pH probe and use this instead of, or, as well as the soil kit and discuss the relative merits of each method. 

The second test looks at nitrogen levels in the soil. 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.  

The soil tests take some time for sediments to settle and colours to develop. You will need to set the soil test up first and then return to it later in the day to collect the results. If you are carrying out the soil test in the field it’s a good idea to take some test tube racks so the samples don’t get lost or disturbed whilst you are carrying out other activities.
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Activities B&C: Heathland vegetation surveys
This activity involves pupils sampling a biotic variable (plant richness) in two heathland habitats.
Biotic Measurement:

Plant survey x 2 (45-60 minutes for each survey)
Pupils will use quadrats to look at plant diversity. Use of quadrats is discussed in the PowerPoint and recapped in the pupil workbook. To enable random placement of quadrats you can set up a grid using two 50m tape measures.  Use a random number generator to get pupils to sample random coordinates on the grid. This can be done in-class before the session by using the random number function in Excel. There is a separate document explaining how to sample randomly. To help with plant identification you can access a free heathland field guide through the OPAL website (www.OPALexplorenature.org/heathlandresources). Alternatively, there are good heathland plant field guides available from the Field Studies Council. Pupils may wish to collect data on tree species present as well as understory flora.  It may help to point out examples of the main plants when you get to the site. Encourage pupils to think about the importance of plants in providing food and shelter to other organisms. The more diverse the plant community is, the more diverse the fauna is likely to be. Pupils are unlikely to be able to collect 10 quadrats in the time available and could share data between groups. It is important for pupils to understand that they should collect as much data as possible in the time available.


Activity C: Comparison of heathland habitats
Once pupils have collected the vegetation data they can investigate which heathland has more plant species. They can draw a suitable graph (most likely a bar graph) to compare the two heathlands. They could look at the total number of species, or perhaps the average percentage of heather. This work can be done in the field, or in a follow-up session in class.

Students will hopefully find more heathers and less grass in the grazed areas, but this may vary depending on which site you have chosen to work on. Over 25% cover of heather and less than 50% cover of grass can indicate that the heathland is healthy. It is possible that they will find more species in the grazed area. This is not uncommon in heathlands as ponies can open up small areas of bare ground which can be colonised by many species of plants, lichens or mosses. This is not necessarily a bad sign as these species can provide habitats for many invertebrates and reptiles. A high percentage of (over 10%), or very large areas, of bare ground can be a problem in heathland, however, as this can provide opportunities for grasses or trees to germinate and start to outcompete heather.  
The activity should highlight that heathland management is more complicated than it first appears as heathlands usually have very low plant species richness. Higher species richness can indicate an unhealthy, or badly managed, heathland. This is, however, highly dependent on which species are present. For example, high lichen richness is good, high grass richness may not be. A high abundance of grass relative to heather is usually an indicator of an unhealthy heathland that requires some management in order for it to be maintained as heathland.


Possible follow-up activities at school
· Pupils could present their conclusions with PowerPoint or posters. 
· Pupils could look at how some organisms are specially adapted to live in heathland habitats.
· Pupils could discuss some of the difficulties involved with deciding which heathland has higher conservation value. This could be extended to other habitats, such as woodland or grassland, which may have much higher plant species richness.
Further Sources of Information
OPAL Guide to Heathlands in the East Midlands – www.OPALexplorenature.org/heathlandresources
Guide to Heathlands and Moorlands - Field Studies Council Guide

Natural England: http://www.naturalengland.org.uk/Images/sone-section3.4_tcm6-4733.pdf
Figure 1 – A typical lowland heathland





Sample Workbook Answers: Activity A


Students should conclude that the soil is ‘healthy’ (appropriate for heathlands) if it has a pH of 3-5 and ‘unhealthy’ (inappropriate for heathlands) if it has a pH below 3 or above 6.  


Healthy heathland soils should be deficient in nitrogen.  If the nitrogen content in the grazed heathland is lower than in the un-grazed heathland it could indicate that pony grazing is improving the heathland soil conditions.  


Examples of possible abiotic factors:


soil: soil temperature, soil phosphorous/potassium levels, soil texture, soil water 


general environment: air temperature, humidity, wind speed, precipitation, light levels








Sample Workbook Answers: Activity B


Evidence may include bare ground, droppings, footprints, short (eaten) grass or damaged plants.


Effects on vegetation may include a reduction in grass, tree, bracken and bramble cover. There may be greater heather, lichen or moss cover.





Sample Workbook Answers: Activity C


1.	The pupils may see more bare ground, less grass, bracken, brambles, nettles or trees. There may be a greater dominance of heather. This cursory observation should get the students thinking about the obvious effects of pony management on heathlands.


2.	The pupils may conclude that the grazed site is better because there is more heather. They may feel that the un-grazed site is better because there are more plant species overall, and this could be beneficial for fauna diversity.





Sample Workbook Answers: Activity D


The students may find that the average percentage cover of heather is greater in the grazed heathland, and that the average percentage cover of grass is higher in the un-grazed heathland. This may vary depending on which site you have been working on.


Suggest two ways you could have made the data you collected in Activities B and C more accurate. 


Not estimate percentage cover by eye. Could take photographs or use a different method entirely.


Get more than one person to estimate % cover and take an average of the two results.


Use a gridded quadrat to help estimate % cover.


Sample at different times of year as plants will grow in different seasons.


Give a source of error that could have affected the reliability of your results in Activities B and C.


Human error when estimating % cover.


Plant species misidentification.


Some plants may be hanging into the quadrat and may not have been rooted within the quadrat area.


The quadrat may have moved plants (such as squashing down grasses) and affected where they would lie naturally, which could alter which plants were in the sampling area.


A good quality heathland will have at least 25% cover of heather and less than 50% cover of grass. Using the results you collected in Activities B and C decide which heathland is healthier, and explain why.


Students should conclude that a heathland with more heather is healthier, while a species with more grass is less healthy.














Suggest two ways you could have made the data you collected in Activities B and C more accurate. 


To get a representative sample of the entire heathland within as little time as possible.


To be able to reliably estimate the average % cover of species.


To exclude errors that may arise from taking too few samples, such as unrepresentative vegetation or uneven distribution of species within a heathland.


5)	Based on your soil chemistry and vegetation survey data decide if you would move the ponies onto the un-grazed area, or move the ponies off the grazed area. Why have you made this decision?


Depending on their results, pupils are likely to want to move the ponies onto the un-grazed site to improve the % cover of heather. Any decision will be valid if it is justified by their results. This is aimed to encourage the students to think about how habitat management decisions are made.
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