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Science Knowledge

Science 2: Life Processes and living things 

K2.5 Living things in their environment
These questions and the discussion that follows can be used in a discussion session with trainee teachers to allow them to explore their biological subject knowledge, and to make them aware of some of the conceptual barriers their pupils will have to cross as they begin to develop a biological understanding of their environment.

Personal elicitation 
1. What distinguishes something that is living from something that has never lived? Is fire living? Are seeds living? 

2. What makes a (once) living thing alive or dead? When does death occur? What is the link between the living and non-living world? 

3. Make a list of ten animals and ten plants. What characteristics do your animals have in common and your plants have in common? 

4. Why do apple trees produce apples, daffodils produce flowers and bees visit flowers?

5. Why do hedgehogs and cacti have spines, an anteater a long snout and a butterfly a curled mouthpart or proboscis? 

6. Make a concept map to show how sunlight is centrally important to life on Earth. 

7. Can you give an example of a food chain that begins with something other than a green plant? 

8. Where do earthworms, woodlice, bacteria and fungi feature in a food chain? 

9. Why is it better to talk of biomass passing along a food chain than talking of energy flow?

Background ideas 

The major ideas are: 

1. Is it alive?

Living things are distinguished from non-living things by their ability to carry out certain processes, but above all they can make copies of themselves, and evolve. Many books provide a list of characteristics, often using the mnemonic ‘MRS GREN’.

All living things have the potential to carry out all of the following processes at some stage in their life: movement, respiration, sensitivity and response to stimuli, growth and development, reproduction, excretion and nutrition (feeding) (MRS GREN). 

All living things are made of cells (remember that viruses are not classified as living things unless they are directly associated with a living thing).

· There is a wide variety of life which includes plants and animals, as well as the other major kingdoms i.e Monera – the bacteria, Protista – single-celled organisms, and Fungi . 

· Although plants are often characterised by being able to get the materials they need for growth from their non-living environment, using the energy from the Sun, several other organisms do this as well for example, algae and phytoplankton and they are not classified as plants.  A Plant is a member of the Kingdom: Plantae and is an organism that has cell walls containing cellulose and chloroplasts containing chlorophyll.  They include the vascular plants that have a full system of roots, stems and leaves and their close relatives, the mosses and liverworts. Many younger pupils do not consider such organisms as trees, cabbages and daffodils, as plants, thinking only of pot plants. Check back on your response to question 3: list of ten plants (Personal elicitation). Did you cover a good range? 

· Animals are characterised as relying on other living things to provide them with materials for growth. Many pupils think animal is the same as mammal, and think only of four legged furry or hairy creatures. Check back on your response to question 3: list of ten animals (Personal elicitation). How many were mammals? 

· Seeds and spores, though dormant, have the potential for life. They can lose this potential (e.g. by being cooked) in which case they are no longer living matter.

· Fires can ‘reproduce’, and crystals can ‘grow by themselves’ but they are not made of cells, and do not possess the other characteristics identified above.

2.  How do we know if it is alive? (Life processes) 
It can often be difficult to distinguish between living, non-living, once alive and dying/decaying. This is because the living and non-living environment constantly interchange through the processes of growth, through intake of materials (non-living in the case of plants, once alive or living in the case of animals) and through death and decay. Materials are being constantly cycled through ecosystems. As something dies it gives new life through decay of its body / biomass. 

Minerals from the non-living world are taken in by plants and used in their growth. Similarly waste products are constantly being processed and transformed. Bacteria, fungi and other decay organisms are vital in this process. Everything in life is in process of becoming something else (see Appendix ‘Dinosaur for breakfast’ activity).

3. List of living things

Note comments above – pupils often see plants as ‘pot plants’ and animals as ‘mammals’. If we are to use these terms as the producers (plants) and consumers (animals) in food chains, then we need to ensure that children widen their use of these words.

4. Living things are there for our benefit

Pupils may say living things are as they are for our benefit – apple trees produce apples for us, and daffodils are there to look pretty. Students need to begin to understand that features of living things have a function for their benefit, not our own. However we have bred apple trees to produce sweeter apples, and daffodils to produce prettier flowers, which are now for our benefit.

Most people know that bees visit flowers and take nectar into their gut. They use this as aviation spirit (mainly as fuel their flight muscles) and the excess is regurgitated into the cells back at the hive as a store of winter fuel. It is also known that bees ‘accidentally’ capture pollen on their furry bodies thereby carrying it from flower to flower for the benefit of the plant.  To ensure this happens the plant provides a ‘gift’ of nectar. What is less well known, though easily seen, are the pollen sacks on the legs of bees.
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 Although adult bees mainly need fuel, their growing grubs (larval stage) need protein and all the other nutrients needed for growth. These are provided by the pollen. So bees carry three things from flowers: 

· nectar – their ‘present’ from the flower; 
· the pollen they transfer on their backs – their ‘present’ to the flower; 
· and the pollen they ‘steal’ to feed to the bee larvae
5. Adaptations to their environment

The concept of adaptation is not obvious. Once Darwinian ideas of survival of the fittest and evolution are appreciated, pupils can begin to see how spines might evolve to provide protection to the living organism. The idea that there is a cost involved means that living things adopt different approaches to safe living, thus spines and fast running do not go together – either run away, so evolve a sleek body, or roll up and develop prickles.

6. The sun

When we use wood as a fuel, or use our muscles to do work, we are using solar power. When we see a rain forest with all its complexity and order, we see the work of energy from the sun. Switch off the sun and life on earth stops – first the green plants die, then the primary consumers which eat the plants, then the carnivores, and finally the detritivores and decomposers.

7. Vent communities

There are a very few ecosystems on the planet that have chemosynthetic bacteria. These chemotrophs can be found on the ocean bed and together with their associated food chain, are referred to as ‘vent communities’.  They live around the ‘hydrothermal vents in the ocean floor; more commonly known as ‘black smokers’. They use energy from chemical reactions not requiring sunlight in place of photosynthesis to capture or ‘fix’ carbon (from carbon dioxide) and other materials needed for life. This website gives a good overview with plenty of pictures and diagrams to help pupils http://www.botos.com/marine/vents01.html 

8.  Decomposers

Bacteria, fungi (decomposers) and detritivores, such as earthworms, springtails and woodlice use ready made organic material (dead organisms, including plants, animals, fungi and bacteria) and operate like consumers – they rely on other organisms (usually dead) to manufacture the materials they need both for constructing their own bodies (growth) and as a fuel for respiration.  During this process they breakdown the organic matter making it available not only to themselves but also to other soil organisms.

What conditions affect decay? 

Bacteria and fungi are responsible for decay processes. If we want to preserve food stuffs we have to prevent decay. Decay organisms are killed by salt (e.g. salt beef) or excess sugar (e.g. jams) because water is drawn out of them (by osmosis) and by the acidity of vinegar (e.g. pickles) which disables the enzymes (which are sensitive to pH) secreted by the decay organisms as they try to digest the foodstuff. Cold conditions slow down or stop their growth (e.g. using a fridge or freezer). Heating (cooking denatures enzymes) or drying (dehydration prevents chemical reactions taking place) also prevents bacterial and fungal activity by killing the bacteria or fungal spores.

9.  Why is it better to talk of biomass passing along a food chain than talking of energy flow?

We need to be careful to distinguish between matter (made of atoms) and energy (measured in Joules). In this world of ours it is matter that gets cycled (never used up). We see this in its simplest form as the water cycle. Children then become aware of the carbon cycle, and cycles for other elements of life, and also the slow cycling of rocks through erosion and plate tectonics. 

It is matter, in the form of atoms, that ‘flows’ along food chains – biomass in fact. If the next organism wants to use some of this biomass for fuel, then it is respired (normally involving a reaction where it is joined to oxygen), and most of it returns to the atmosphere in the form of carbon dioxide. If it is used for growth it remains as biomass – available for the next organism in the food chain, which might be a detritivore if the animal dies or if biomass drops off as, for example, shedded skin. All this is part of the great recycling process we call life. Matter (made of atoms) is constantly being transferred from one organism to another and to and from the environment.
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These cycles are driven by energy which gets degraded to waste heat and exported to the universe. For natural phenomena, such as life and climate the energy comes mainly, and ultimately, from the sun. The rock cycle is driven by energy from inside the earth’s crust (tectonic activity) and from solar energy through weathering and erosion.

The life cycle can be represented simplistically by this diagram (Ross et al 2005)

The other problem caused by calling biomass ‘energy’ arises because of the mistaken belief that food and fuel contain energy. However energy only becomes available through respiration or combustion; processes that involve oxygen *. It is the weak double bond in the oxygen molecule that provide the ‘drive’ for burning and aerobic respiration – breaking this bond costs an average of 250 kj per mole for each of the two bonds, whereas all the other bond involved, whether in the fuel or the oxides (carbon dioxide and water) are strong, averaging about 400 kj per mole.  Thus for every mole of oxygen used in combustion or respiration (almost regardless of what fuel you are using) you get 2 x 150kj  = 300kj of energy released.

We need to take much more account of the role played by the oxygen released during photosynthesis – it is just as important part of the energy chain as the biomass, illustrated by the diagram above. We need to talk of the fuel/oxygen system as carrying the energy. It is because oxygen is ‘free’ that we focus our attention so much on the food and fuel as sources of energy – and no harm in that. However by omitting the vital role of oxygen we play down the oxygen products, and perpetuate the idea that food and fuel ‘turn into’ energy as if by some magical process.

* Anaerobic respiration can release a tiny amount of energy by re-arranging the atoms in glucose to form e.g. alcohol and carbon dioxide. Only 1/10th of the energy is available compared to aerobic respiration where the glucose combines with oxygen, forming carbon dioxide and water.

Appendix

Dinosaur for breakfast

Who had dinosaur for breakfast?  

(after Cornford G 2000 ~ Primary Maths & Science vol 23. 38.41)

By tracing the history of the food we eat it is possible to establish how food chains work and the very real role of decomposers and indeed, realise that we could have eaten dinosaur for breakfast.  It goes something like this:

For breakfast I ate cornflakes, milk and a slice of buttered toast.  The bread and cornflakes are made from cereal crops that would, more than likely have been subject to artificial chemical fertiliser.  They grew in a soil that despite the addition of this artificial fertiliser would probably have had nutrients derived from the activities of decomposers such as bacteria and fungi.  The food for the decomposers would have been prepared by active worms, beetles, maggots and woodlice ~ the detritivores.  

We now need to transport our imaginations back 65 million years to the same area on the map but this time occupied not by cereal crops but by later day dinosaurs, Diplodocus the herbivore, Allosaurus the carnivore and Tyrannosaurus rex the scavenger (there are conflicting theories as to whether or not T.rex was a true carnivore or a scavenger, for more information, see: http://www.enchantedlearning.com/subjects/dinosaurs/dinos/trex/Trexdiet.shtml)  These dinosaurs would have been going about their daily routine of eating, being eaten and creating droppings.  The dead material and droppings would have been consumed by the ancestors of present day detritivores, preparing them for the ancestors of present day decomposers.  This would transform them into nutrients for the ancestral plants that lived in the area at the time.  So the cycle continued with generations of herbivores, carnivores, scavengers, detritivores and decomposers playing their role at each successive stage in the cycle until it arrived at present day and I sat down to my breakfast.  So there is a strong possibility that I could have eaten Diplodocus, Allosaurus or even Tyrannosaurus rex himself for breakfast.

Activity:

Encourage the pupils to identify the food chains and nutrient cycles from dinosaur to breakfast table.
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