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Ecology Online: 
Comparing meadows in the Waun Las National Nature Reserve
Teachers’ Notes
Introduction and context
This online ecology practical offers students the opportunity to compare two meadows, managed in very different ways. Both these meadows are in the Waun Las National Nature Reserve, which occupies over 150 acres in Carmathenshire, and forms part of the National Botanic Garden of Wales. Waun Las contains a wide range of valuable habitats including rhos pasture (damp moorland meadows), wet woodland and lowland meadows. 

This resource is equivalent in technique to the SAPS Ecology Exercise 1, ‘Measuring Abundance and Random Sampling’, but introduces the topic of different forms of meadow management and their impact on species richness. 

These online ecology practicals are intended to introduce students to key fieldwork techniques in the calmer atmosphere of the classroom, before going out into the field. 

Objectives

To give students practice at:

· using random sampling to measure the abundance of various different species on an area of grassland.

To give an opportunity to explore two different measures of abundance

· density: the number of individual plants in a quadrat
· frequency: the proportion of quadrats each species occurs in
To introduce the idea that different forms of management will result in different levels of species diversity

The sites 

Both meadows are in Waun Las, a National Nature Reserve of over 150 acres in Carmathenshire.

Site A is a species-rich hay meadow, which is managed organically and traditionally, allowing time for plants to flower and seed. It is low in nutrients, fairly damp and high in plant diversity. The yellow rattle, a hemiparasite which gains some of its nutrients from the roots of neighbouring palnts, has significantly helped to reduce the dominance of large leaved grasses.

Site B is an agriculturally-improved cattle-grazed meadow. Here, the nutrient levels are fairly high, bulky grasses dominate and it is low in plant diversity. 

Students should find that Site A is considerably richer in species diversity than Site B. 

The sampling area is relatively small, making it possible to take a reasonable sample using 25 cm x 25 cm quadrats (i.e. at sampling at least 2% of the total area). The small quadrat enables us to provide a close up image of the whole quadrat allowing identification of most individual species. 
Grass identification is hard enough even in the meadow, and extremely difficult online. We have therefore focused entirely on plants other than grasses in this practical. However, students should be made aware that there are a wide range of grass varieties within the meadows and that this would contribute to the full range of species diversity. 
Management of Waun Las National Nature Reserve
Until 15 years ago, both meadows were managed in the same way. They were intensively grazed by cattle, sheep and deer, and would, the National Botanic Garden of Wales believes, have received regular artificial fertiliser to keep their nutrient levels high, so that consequently the grass would grow faster and stronger. A botanical survey in the mid-1990s listed them as ‘improved meadows’ i.e. of little botanical interest.

The National Botanic Garden of Wales began farming the land around 15 years ago, basing their farming methods on organic principles, meaning that no artificial chemicals are now used. Grazing is now less intense and uses only native Welsh breeds of cattle and sheep. Some meadows, such as Site A, were selected for use as traditionally managed hay meadows. This means only expecting one crop of cut meadow a year, and that this will be cut in late July – September, giving wild plants a chance to flower and set seed. Grazing is restricted to late winter and to late summer/early autumn, when the poaching of the ground by cattle hooves opens up space for flower seeds to settle and get trampled into the soil.

This used to be how most hay meadows in the UK were managed in the UK until 70 years ago. However, during the Second World War (1939-1945), Britain suffered from a shortage of imported food. We had to grow more of our own food and to help us do that, the use of artificial oil-based fertilisers on hay meadows became widespread. This meant that grass grew quicker and so meadows were cut much earlier in the summer, before wild flowers had time to flower and set seed. The result is 98% of our flower-rich hay meadows have disappeared from our countryside, and obviously, many of our once common meadow plants have disappeared too.

The National Botanic Garden of Wales decided to manage some of its meadows in this traditional way to provide a habitat for those once common wild flowers and the insects, spiders, molluscs, birds, mammals and other wildlife that thrive in these more floristically diverse meadows. New paths through the meadow and special guided tours allow Garden visitors to examine these changes close up.

The amount of hay that is cropped from this meadow is much less than a more intensively managed meadow. However, when looked at in terms of sustainability, this meadow doesn’t use any expensive oil-based fertiliser, the deep-rooted wild flowers retain more natural rainwater and the richer diversity of biodiversity helps to keep the natural ecology in balance.

Site A and B provide a fascinating contrast. Whereas Site A has, in just 15 years, transformed from being a species-poor to species-rich meadow, Site B is still species poor. Like Site A, Site B is organically farmed and doesn’t receive any artificial fertiliser, but as it isn’t being managed as a traditional hay meadow, it is recovering very slowly, although in the past few years, a few of the wild flowers from the neighbouring Site A have started to spread across onto it.  
Random sampling

Random sampling is a way of eliminating personal choice in the selection of a sample. Every part of your sample area should have an equal chance of being sampled every time you go to take a sample. For this reason the sampling interval should be the same size as the quadrat. For example in this exercise the quadrat is 25 cm x 25 cm and the tapes along the two sides of the plot are therefore divided into 25 cm intervals.

The co-ordinates of pairs of randomly selected intervals determine the quadrat positions.

To create random intervals the simplest way is to write the 0.25 intervals from 0-10 on pieces of paper and draw them out of a hat. Note replace each piece of paper before drawing out the next. 

In practice particularly when working under difficult conditions (torrential rain!!) or with younger students one concentrates on eliminating personal choice. In this case the surveyors find their co-ordinates by walking along the tapes the number of paces indicated by the random numbers rather than measuring intervals along the tape.

Note throwing quadrats is not random sampling and at best eliminates a certain amount of personal choice!
Visiting Waun Las in person
Schools and colleges can visit Waun Las and the National Botanic Garden of Wales for field trips with a focus on various topics. The Education team can arrange investigations studying one habitat in detail, or comparing two habitats, covering ecology techniques, conservation and sustainable development issues linked to the future management of the countryside. The information students gather on the day will is backed up with support material for teachers to use back in the classroom for ecological studies and/or statistical analysis. More information is available on the Education pages: www.gardenofwales.org.uk 


Resources included
This resource includes:
· Online images of the sampling areas in Site A and Site B, with hyperlinks to close up images of 10 quadrats for each site. These can either be accessed online, if you have a good web connection, or, since the images are large, you may wish to make the web pages and images available on the school network. 
· A two-sided plant ID sheet. Each group of students will need a colour photocopy, which might be laminated and saved for next year. 
· Recording table: density in Site B. Each group of students will need a black and white photocopy. There are two identical tables to a page, to reduce number of photocopies.

· Recording table: frequency in Site B. Each group of students will need a black and white photocopy.

· Recording table: frequency in Site A. Each group of students will need a black and white photocopy.
· Data tables. Full lists of the dicots and grasses found in the quadrats, available below.


Practical
Explore the students’ ideas about how they would go about measuring the abundance of different species in an area of grassland. 

•
What they would measure

•
How they would sample 

Explain the principle of random sampling and how it is done in practice. Relate this to how it is going to be done in this exercise. Explain how the sampling interval is related to the quadrat size.

1. Begin by looking at the Plant ID Sheet, to familiarise students with the different plants they will be looking for. Ask students what makes the different leaves and flowers distinctive: for example, what key difference is there between the flowers of Potentilla erecta and those of Ranunculus acris, or between the leaves of Ranunculus acris and Ranunculus repens? 

2. Now look at Site B, the agriculturally improved meadow. This site is far less rich in dicots than Site A, and the students will find it much easier to see and identify the plants. It may still take them a few minutes to ‘get their eye in’ to identifying the plant images, and you may first want to put in a bit of time to practise plant identification on the whiteboard as a class. Show the students how to click on their quadrat to view the image, and then demonstrate that they should click on the ‘view full size image’ link to see the large image. They can then click on the image to zoom in and out.
3. Allocate each pair or small group of students a pair of random intervals and ask them to find their quadrat. Give them a species identification (density) results table.

Ask them to try and measure density i.e. the number of plants of the species in the table, in their quadrat. 
4. They will soon see that this is difficult. In addition you can show them how many leaves like the white clover in quadrat 7, are linked by horizontal creeping stems. It is difficult to define what an individual plant is and this measure, density, gives you no indication of the size of the plants.

A better measure is frequency (the number of quadrats which each species occurs in.) This is related both to the number of plants and their size and therefore is ecologically more meaningful. 

5. To measure frequency, ask them to record the presence or absence of each species in their quadrat. In Site B, students should find this very simple, as most quadrats have only one or two non-grass species in them. Indeed, quadrat 5 has only grasses in. Collate results for the 10 quadrats (using a simple spreadsheet) and calculate the percentage frequency for each species – the number of times present out of 10 x 100.
6. Now repeat the exercise for the quadrats in Site A, the hay meadow. Students will find this considerably more challenging. 
7. Discuss with students which of the two sites was richer in species. What do they think is the difference between the two sites? The role of yellow rattle as a hemiparasite is an interesting one to discuss. 
8. You may wish to discuss the measurement of cover (the area of ground covered by each species). This can be measured using point quadrats or is often estimated visually. Measuring frequency usually gives a more reliable result than visual estimation of cover.



Data
Site A – plants other than grasses
	Latin name
	Common name
	A1
	A2
	A3
	A4
	A5
	A6
	A7
	A8
	A9
	A10

	Cerastium holoteoides
	Common mouse-ear
	
	
	
	5
	
	
	
	
	
	5

	Cirsium palustre
	Marsh thistle
	
	
	
	
	
	
	
	
	
	

	Dactylorhiza fuchsii
	Common spotted orchid
	10
	
	
	
	
	
	
	
	
	

	Hypochoeris radicata
	Catsear
	40
	50
	25
	25
	25
	20
	20
	50
	30
	20

	Luzula campestris
	Field woodrush
	
	
	
	5
	5
	10
	
	
	10
	

	Pedicularis sylvatica
	Lousewort
	
	
	
	
	
	10
	10
	
	
	

	Plantago lanceolata
	Ribwort plantain
	
	5
	20
	15
	15
	5
	15
	10
	20
	30

	Potentilla erecta
	Common tormentil
	5
	
	
	
	15
	
	
	5
	
	

	Ranunculus acris
	Meadow buttercup
	
	
	
	10
	5
	
	
	
	
	10

	Ranunculus repens
	Creeping buttercup
	5
	5
	
	
	
	5
	5
	
	
	

	Rhinanthus minor
	Yellow rattle
	10
	20
	15
	15
	5
	10
	10
	10
	10
	5

	Rumex acetosa
	Common sorrell
	
	
	
	
	
	
	
	
	
	

	Taraxacum officinale
	Dandelion
	
	
	
	
	
	
	
	
	
	

	Trifolium repens
	White clover
	5
	
	10
	5
	
	
	
	5
	15
	5

	Urtica dioica
	Stinging nettle
	
	
	
	
	
	
	
	
	
	


Site B – plants other than grasses
	Latin name
	Common name
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B8
	B9
	B10

	Anthoxanthum oderatum
	Common mouse-ear
	
	
	
	
	
	20
	
	
	
	50

	Cirsium palustre
	Marsh thistle
	
	
	
	
	
	
	10
	
	
	

	Dactylorhiza fuchsii
	Common spotted orchid
	
	
	
	
	
	
	
	
	5
	

	Hypochoeris radicata
	Catsear
	5
	
	
	
	
	
	
	
	
	

	Luzula campestris
	Field woodrush
	
	
	
	
	
	
	
	
	
	

	Pedicularis sylvatica
	Lousewort
	
	
	
	
	
	
	
	
	
	

	Plantago lanceolata
	Ribwort plantain
	
	
	
	
	
	
	
	
	
	

	Potentilla erecta
	Common tormentil
	
	
	
	
	
	
	
	
	
	

	Ranunculus acris
	Meadow buttercup
	
	
	20
	
	
	
	
	15
	30
	10

	Ranunculus repens
	Creeping buttercup
	15
	
	
	
	
	
	
	
	
	

	Rhinanthus minor
	Yellow rattle
	
	
	
	
	
	
	
	
	
	

	Rumex acetosa
	Common sorrell
	20
	5
	
	10
	
	
	
	15
	5
	

	Taraxacum officinale
	Dandelion
	
	
	
	
	
	
	
	5
	
	

	Trifolium repens
	White clover
	
	
	
	
	
	5
	10
	
	
	

	Urtica dioica
	Stinging nettle
	10
	
	
	
	
	
	
	
	
	


Site A - grasses 

	
	
	A1
	A2
	A3
	A4
	A5
	A6
	A7
	A8
	A9
	A10

	Anthoxanthum oderatum
	Sweet vernal grass
	20
	20
	10
	
	20
	20
	20
	15
	10
	

	Cynosurus cristata
	Crested dog’s tail
	
	
	
	
	
	
	
	
	
	10

	Dactylis glomerata
	Cocksfoot
	
	
	20
	
	
	
	
	
	
	

	Holcus lanatus
	Yorkshire fog
	
	
	
	
	
	
	
	
	
	

	Poa trivialis
	Rough-stalked meadow grass
	
	
	
	
	
	
	
	
	
	

	
	Unidentifiable  grass
	5
	
	
	15
	10
	20
	20
	5
	5
	15


Site B – grasses

	
	
	
	
	
	
	
	
	
	
	
	

	Anthoxanthum oderatum
	Sweet vernal grass
	
	
	
	
	
	20
	
	
	
	50

	Cynosurus cristata
	Crested dog’s tail
	
	
	
	
	
	
	
	
	
	

	Dactylis glomerata
	Cocksfoot
	
	
	
	
	100
	
	
	
	
	

	Holcus lanatus
	Yorkshire fog
	
	
	80
	
	
	
	
	20
	
	

	Poa trivialis
	Rough-stalked meadow grass
	50
	
	
	
	
	
	
	20
	
	40

	
	Unidentifiable  grass
	
	90
	
	85
	
	65
	75
	20
	60
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