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The next time you walk over a lawn or sports field, take time to crouch down and look at what you are standing on. Is it “just grass”, or are there other types of plants growing there too? The chances are that it consists of quite a variety. The grass itself is probably a mixture of many different species - only obvious if allowed to mature to flowering (there are about 150 wild species in Britain). What about the insects, bacteria, earthworms, amphibians and birds which use those same fields for feeding, resting, growing, breeding, burrowing and nesting? 

These are just some examples of the rich variety of life that surrounds us (and in some ways, supports us). A large proportion of the living things around and under us are microscopic and also integral to the Earth’s natural processes. 

It has been estimated that 99% of life on Earth is less than 3mm long.

Biodiversity is basically shorthand for ‘biological diversity’ or, more simply, ‘the variety of life’. It is the reason why everyone on the bus doesn’t look like you, why the trees in a wood are of different varieties, why some places are hot and sandy whereas some are cool and muddy, why you might not always have the same views and values as your siblings, and why oranges are not the only fruit.

Here are a few more examples of our wonderfully diverse world:

•The adult mayfly lives for a day whereas some tortoises live for 100 years. 

•An orchid seed might weigh 1/1000th of a gramme and the coco-de-mer (a double coconut from the Seychelles) weighs up to 22kg - a staggering 22 million times heavier.

•With a flying speed of 170.5 km/hr, the swift moves approximately 5172 times faster than a mole.

•This letter o could contain over 20 flowers of the artillery plant (Pilea microphylla) from India; the world’s largest flowers belong to Rafflesia arnoldii whose diameter is up to 1m.

•At 3.2m tall, the African elephant is around 320,000 times taller than the notorious E. coli bacterium.

Biodiversity is a relatively new (1988) and sometimes misleading name for something that we are easily able to perceive and has existed for about 570 million years (when the first single-celled organisms originated). In a recent survey of U.K. residents, 80% thought biodiversity was a kind of washing powder.

This newsletter aims to address the immense subject of biodiversity in various ways - with some facts and figures, activities to try and some resources for you to use.

Since biodiversity is a term which covers a lot of ground, so to speak, here are the three main ways it can be measured, defined and lost:

1) Genetic biodiversity is found within and between populations of the same species. Such as differences in human adult heights, fingerprints, hair colour etc; varying flavours in varieties of maize, or different yields of wood from pine species. Any loss of genetic biodiversity is permanent, therefore the capacity of a living thing to adapt and evolve to a changing world can be a matter of life or death.

2) Species biodiversity refers to a combined measure of the number of species (species richness) and the number of individuals in a species (abundance). It is estimated (although difficult to prove) that there are 13 million (13,000,000) species on Earth (some people say the number is six million, some say one hundred million species), making up the 5 kingdoms (plants, animals, fungi, protoctists and prokaryotes). In fact, if one page in a book was devoted to describing each species alive, the book would fill 13km (about 8 miles) of book case (assuming the pages to be 1mm thick). At Chelsea Physic Garden there are approximately 5000 species of plants growing - representing approximately 0.05% of the Earth’s species. One important fact may help put the concept of extinction (and time) into perspective:- it has been estimated that more than 99% of all the living species that have ever existed are now extinct.

3) Ecosystem biodiversity refers to the variety within and between ecosystems. Well firstly, what exactly is an ecosystem? Good question. It is defined as ‘a dynamic complex of plant, animal and micro-organism communities and their non-living environment, interacting as a functional unit’. Within ecosystems, biological processes such as pollination and predation fulfil important functions. Interactions between living and non-living components are also essential in providing ecosystem services such as soil formation, nutrient recycling and water purification. Humans have long been a part of ecosystems - giving rise to landscapes which combine biological and cultural diversity.

Why should we care about biodiversity?

We hear about the fragmentation and disappearance of tropical rain forests, mangrove swamps, coral reefs and wetlands thousands of miles away and the richness of species within these ecosystems declining too.

These are truly serious issues, but environmental issues are affecting some of our local and national ecosystems as well: peat bogs, moors, pastures, mud flats, coasts and estuaries, woodlands, forests, heaths, rivers, limestone pavements, natural meadows, brownfield sites (urban derelict land), lakes and ponds are becoming threatened by our expanding urban areas, our lifestyles and certain agricultural practices.

It isn’t all bad news, gloom and doom though.....

At the 1992 Earth Summit in Rio, 150 nations signed up to protecting biodiversity in their own countries.

This lead - amongst other things - to something called ‘Local Agenda 21’ (or LA21) as in “a local environmental agenda for the 21st century” - being implemented on the level of local councils (i.e. your local authority ought to have an LA21 officer). One of the things this has led to are local action plans throughout Britain promoting recycling, conserving threatened species, as well as education for sustainable living. Another good thing which arose from the Rio conference in 1992 was the signing of the Convention on Biodiversity (CBD) by 150 countries (the largest number of international signatories in history), which states that a percentage of the financial benefits gained from the natural resources of any country must be returned to the country in question.

One of the reasons that many people have an interest in preserving and enhancing biodiversity is due to the fact that we rely heavily upon the natural world for all aspects of our lives including foods, drinks, fuels, medicines, materials, as well as luxuries. Some examples of these include rubber, cotton, wood, rock (many of which are composed of animals), wheat, rice, leather and oil. 

A plethora of medicines - some of them to treat life threatening ailments - originate from plants growing locally and not so locally. More about some of these later. 

In addition to these materials, fuels and foods we obtain from our world, there are less obvious examples of how the natural world sustains us: Scientists at Cornell University have estimated that if humans had to pay the bill for all the services we receive (for free) from nature - such as pollination, water purification, nitrogen fixing, crop pest control, oxygen production, nutrient recycling and decomposition - the annual bill would be £2 billion (£2,000,000,000,000) - hence the value of conservation, management and education. A lot of the attention regarding conservation in the media tends to deal with the larger animals and plants, disregarding the micro-organisms and invertebrates as we have seen - perhaps because they are not so obviously ‘lovable’ as in the case of pandas, tigers, whales etc.

Chelsea Physic Garden and biodiversity.

One of the roles of a botanic garden is to educate about the variety of plant life as well as the importance of conservation - both of nature and of traditional knowledge. Chelsea Physic Garden has been (since 1673) a place of education about and amongst plants and their uses, identification, structures, origins and diversity. It upholds this tradition of plant education to this day This is reflected in our plant collections - one section of which focuses entirely on plants currently used for pharmaceutical purposes (in ‘mainstream medicine’).

Just a few examples of these include: 

· Opium poppy (Papaver somniferum) for the painkillers morphine and codeine; 

· Yew tree (Taxus baccata) which contains a chemical called taxol used to treat ovarian and breast cancer; 
· Meadowsweet (Fillipendula ulmaria) for Aspirin; 
· Liquorice (Glycyrrhiza glabra) used against indigestion and stomach ulcers; 

· Broad bean (Vicia faba) which is the source of a chemical called L-dopa the principal treatment for Parkinson’s disease;

· Foxglove (Digitalis lanata), a source of digoxin which strengthens contractions of the heart.

Chelsea Physic Garden also has a large variety of animal life within it - both resident and visiting. Examples of these include the bird, amphibian and invertebrate life found here - in the ponds, beehives and compost heaps, as well as under the soil of the garden itself.

For an idea of what does live around us, the following data shows the estimated weights of different life in one hectare (10000m2) of British woodland (Chelsea Physic Garden is 1.42 Hectares):

· Birds 1kg

· Mammals 7.2kg

· Beetles 10kg

· Spiders 60kg

· Slugs and snails 100kg

· Protozoans 400kg

· Earthworms 600kg

· Small plants 1500kg (1.5 tonnes)

· Fungi 4000kg 

· Bacteria 10,000kg

· Trees 250,000kg

[an average small car weighs about a tonne]
So, in a relatively small area, there may well exist more than half a tonne of earthworms and 10 tonnes of bacteria - essential for the formation and aeration of soil and the fixing of nitrogen into the soil and all sorts of other useful activities.

Chelsea Physic Garden is also home to a demonstration plant bed which is part of the Heritage Seed Library linked to the Henry Doubleday Research Association (H.D.R.A.), Europe’s largest organic organisation. Each year this bed contains around 10 varieties of rare vegetables from a possible 750 which have been gradually becoming extinct through a combination of modern agricultural and governmental practices and policies. H.D.R.A.’s main aims are education, conservation and research. (They also run an excellent schools organic network).

This bed allows us to show young people something which they may not have seen before - vegetables actually growing, rather than being plastic wrapped items for sale in a shop.

The garden is a valuable resource for its diverse plant collection containing plants from a variety of climates and therefore with different adaptations to life. For example, we have succulents adapted to arid (hot and dry) habitats - whose stems have become modified to store water. There are carnivorous plants from wet, boggy places, whose leaves have become adapted to catching and digesting insects - to compensate for the nutrient deficient soil in which they grow.

We also have a tropical corridor containing plants adapted to living in humid conditions - with thick, waxy leaves and drip tips to keep excess water off. 

Variety really is the spice of life.

Activities

Here is a selection of activities for you to try with your students, they are intended to illustrate and illuminate the broad concept of Biodiversity.

1. Fingerprint and hand print survey in the classroom.

An effective way to show the physical similarities of and differences between class members is to make finger and hand prints. We all have unique features which make us ‘us’, and our hands are one of these physical aspects. Using paint or ink, prints can be made onto paper. With fingerprints, you may wish to enlarge the resulting pictures (with a photocopier) - also showing the beauty of the resulting shapes.

2. Bird table or feeder observation.

This can be done with an existing bird feeder or table, or with one that you have made yourself. The idea is simple: to observe, record the number and variety of visitors. Do more birds visit at particular times? Does one species of bird visit more often? Does it depend on the type of food available to them? Are all the visitors birds, or do squirrels attempt to feed too? If you are using bird seed, how many different types of seed are there? Usually there is quite a variety and (a separate activity all together) you might want to actually grow some of the bird seed to see what the plants look like. A lot of these plants are important for us too and include sunflowers, wheat, linseeds, maize, millet and peanuts (which aren’t nuts at all, they are in the bean family). 

To make a simple bird feeder you will need a plastic bottle (500 ml or larger), a stick (a knitting needle or thin plant cane would be ideal), string, sharp scissors and bird seed (usually available at garden centres). 

a) Make two holes, opposite each other in the side of the bottle (near the bottom) to push the stick through. These are the perches for the feeder. b) 3-4 cm up from both perches, make a hole with scissors - about 1cm across - but don’t cut any plastic away, instead push the plastic a little into the bottle. This will hopefully stop the seeds spilling out (if you are using peanuts only, there is much less chance of this happening). c) Fill with seed. d) Attach string to the lid, or neck. e) Hang the feeder in a suitable position outside.

3. ‘Bare soil’ bottle garden. 

For this you will need access to some clean garden soil from a plant bed (not shop bought). Also a large clear plastic bottle - 2 litres or more is required. Making sure there aren't any animals in the soil you have, put enough into your bottle (with label removed) to quarter fill it. If dry, moisten the soil, but if it is already damp, you won't need to water it. Place the bottle garden in a cool, light place and .........wait. You may find that visibly there is little in the soil in the way of seeds, but you might also be surprised at just how many seeds there must have been in the 'empty' earth. Large (5 or 10 litre) mineral water bottles are probably best for this (the sort used for water in offices are ideal). If successful, collecting random soil from 5 different gardens might make an interesting comparison. Seeds can stay in the soil in a state of dormancy for years, waiting for the ideal conditions in which to suddenly appear. Such a bottle garden can survive for years. It might also be possible to identify the plants in it. They will probably be what gardeners call ‘weeds’, many of which are often useful medicinal plants. Variations upon this experiment include scraping the mud from your boots into a plant pot after a countryside walk, and also to leave a seed tray with (bought) seed compost outside for a season to see what arrives in it in the way of plant life on the wind. Charles Darwin learnt a lot about plant life by conducting similar experiments.

4. Hoop or frame quadrat: habitat investigation.
The aim of this activity is to observe the variety of life in a very small area of land. A quadrat is a sampling frame (traditionally 1m2 in area) used by ecologists to ascertain the abundance of species on the ground. In this case, you can use a plastic hoop or a picture frame (without the glass). Ideal places to study are grasslands. What you need to do is to throw (randomly and safely) the quadrat and then observe and record what lies within it. Recording the data as a percentage of the total area of the frame is probably easiest (or as fractions if you wish) - make sure the total adds up to 100%. If there are any areas of bare earth, these must be included. You don’t need to know the names of the plants (common ones are daisies, dandelions, ‘grass’, yarrow, clover, thistles, ribwort plantain, and moss), but instead (or as well) you can create a pictorial key for the different types of plant you see. You may want to take the average of 5 quadrats at different parts of the same field to obtain an average. One of the benefits of this activity is that it focuses the eye on the small details that might otherwise go unnoticed. The resulting data can be presented in a variety of ways - pie charts, tables, bar charts etc. You may also wish to make a note of any small animals or evidence of them which lie within your quadrat.

5. Plant variety survey.

This is quite a simple and effective activity to help illustrate biodiversity. You will need to collect a selection of plant parts (leaves, twigs, roots, flowers, seeds) to display, draw and discuss in the classroom. The advantage of leaves is that they can be easily used to print with - reiterating their variety (as in the fingerprint activity) - both within the same species and the differences between species. Seeds can be collected from our foods, gardens or from seed suppliers and displayed in a number of different ways.

6. Meet the family.

This activity highlights the concept of many species (or varieties) of plants belonging to the same family (meaning they share some features, but differ in other ways). Good and simple examples of this are found in the bean and citrus and families. Members of these 2 families of plants are generally very easy to grow into adult plants if you so wish. To germinate citruses (lemons, oranges, grapefruit, kumquat, and limes), the simplest way is to fill a jam jar with moist potting compost and place the seed(s) on the surface, tightly cover with clear plastic and place the jar in a warm place; and wait (not usually more than a fortnight). When large enough to handle, repot into individual pots. 

The simplest way to grow beans is to use a shop-bought ‘sprouter’ or to sprout them in a glass jar in which you daily rinse and shake the seeds in water (after an initial night underwater), drain, leave and then repeat the shaking and draining daily until the seeds sprout. Seedlings can be planted into pots to continue your observations. ‘The Pip Book’ by Keith Mossman (see resources section on page 4) is highly recommended for tips on growing seeds from kitchen ‘waste’.

7. Micro-chasms: looking for tiny plants and animals in cracks and crevices. (taken from ‘Backyard Biodiversity Action Kit’ - see resources section).

This activity is intended to introduce the idea of the variety of life in the micro-habitats around us. It aims to help focus our eyes on a smaller scale than we might be used to. Good places to look include the walls, cracks in tree bark and paving slabs of your school, or local area. If your chosen place is deep and dark, you might find using a torch helps. Things to look for are: mosses, ferns, ‘weed’ seedlings, snails, spiders and other invertebrates. How long/deep was the crack? Was it vertical, horizontal or at an angle? Which compass direction was it facing? Do these factors make a difference to the types of things you found?

Bibliography and resources

(References marked with * are practical and highly recommended for KS1 and KS2, others make interesting background reading for the keen).

•‘The Lorax’ by Dr. Seuss, Collins, 1971.

•‘The Pip Book’ by Keith Mossman, Penguin, 1977**

•‘AA book of the British Countryside’ Drive, 1973.*

•‘Windows To Nature’ (a book for teachers of children 3-8 yrs old) by Mildred Masheder, WWF.

•‘Gaia - The practical science of planetary medicine’ by James Lovelock, Gaia books, 1991.

•‘Backyard Biodiversity - Action Kit’ by Virginia Purchon & Dawn Sanders, 2001.* (contact us for copies @ £3.50 each).

•‘Biodiversity’ - National Geographic, Feb 1999.*

•‘Growing Plants’ by Barbara Taylor, Kingfisher, 1991. 

•‘Going Green’ by John Howson (Friends of the Earth), Wayland, 1993.*

•‘The Book Of Comparisons’ by The Diagram Group, Sidgwick & Jackson/Penguin, 1980.

•‘Biodiversity-the abundance of life’ by Jenny Chapman and Michael Roberts, Cambridge University Press, 1997.

•‘The Amateur Naturalist’ by Lee and Gerald Durrell, Dorling Kindersley Ltd., 1983*

•‘Get a grip on evolution’ by David Burnie, Ivy Press Ltd., 1999.

•‘How Nature Works’ by David Burnie, Dorling Kindersley Ltd., 1991.*

•‘Man’s Environment’ by Harris, Harrison & Smithson; Macdonald Educational, 1972.*

•‘All Kinds of People’ by Emma Damon, Tango Books, 1995**

•‘Brain bafflers and Mind bogglers’ by Rowland Morgan, Macmillan, 1998.

•‘Be a Friend to Trees’ by Patricia Lauber, HarperCollins, 1994.

•‘Soil’ by Karen Bryant-Mole, A & C Black, 1995.*

•‘Food Around the World’ by Godfrey Hall, Wayland Ltd, 1995*

•‘Plants, People and Culture’ by Balick & Cox, Scientific American Library, 1996.

‘Hands Around the World’ by Susan Milord, Williamson, 1992.

•‘The Kids’ Multicultural Art Book’ by Alexandra M. Terzian, Williamson,. 1993.

•‘Tearing up the map of creation’ by Tim Radford (article), The Guardian, 11th August 1998.*

•‘Life on Earth’ by David Attenborough, Collins/BBC, 1981.

•‘Nasty Nature’ by Nick Arnold, Scholastic, 1997.*

•‘Ugly Bugs’ by Nick Arnold, Scholastic, 1996.*

•‘Plants in their Environment’ (for KS1) and ‘Using the Environment’ (KS2) by Dawn Sanders, Scholastic, 1999, 2000.*

•‘Nature School’ by Mick Manning & Brita Granström, Kingfisher, 1997.*

•‘Save our unlovely species’ by Anjana Ahuja (article), 

The Times, Monday May 21st 2001.*

Useful organisations

•The People’s Trust for Endangered Species:

Tel- 020 7498 4533, http://www.ptes.org
•The Marine Stewardship Council: 

Tel- 020 7350 4000, http://www.msc.org
•Plantlife: Tel- 020 7808 0100, http://www.plantlife.org.uk
•Wildlife Trusts: Tel- 0870 036 7711, http://www.wildlifetrusts.org
•The British Trust for Conservation Volunteers:

Tel- 01491 821 600, http://www.btcv.org
•Bird feeders: C.J. Wild Bird foods: 

Tel- 0800 731 2820, http://www.birdfood.co.uk
•Eco-Schools: http://www.eco-schools.org.uk
•Learning Through Landscapes: http://www.ltl.org.uk
•The Henry Doubleday Research Association:

Tel- 024 7630 3517, http://www.hdra.org.uk
Backyard Biodiversity Action Kits for Sale

This 24 page pack - written by Virginia Purchon and Dawn Sanders - is available from Chelsea Physic Garden’s Education Department. 

It contains information about biodiversity, ideas for teaching in and about different habitats - including holes and cracks in walls, wet places, woodlands, grasslands, under leaves and more. 

Included are safety tips for adults, book references and an equipment list.

To order your copy, send a cheque for £3.50 made payable to ‘Chelsea Physic Garden’ (this includes U.K. package and postage), to: Education Department, Chelsea Physic Garden, 66 Royal Hospital Road, London, SW3 4HS. 

