6a)    Exchange and transport  

Factors such as size and metabolic rate affect the requirements of organisms.  This gives rise to adaptations such as specialised exchange surfaces and mass transport systems
1. Exchange between organisms and their environment

Organisms must transfer materials between themselves and the environment.  The materials must be rapidly absorbed distributed to cells and waste products removed.  This requires a transport system

Materials that need to be transferred between organisms and the environment include

1 ___________________________________________________________________

2 ____________________________________________________________________

3 ____________________________________________________________________

4 ____________________________________________________________________

They do this either passively (________________________________________) or actively (____________________________________)
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As the size of an organism increases, the rate of gas diffusion becomes too slow and the surface are available for diffusion becomes less in proportion to the volume.  
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e.g.  

Length of cube = 1cm

Length of cube = 5cm
Surface area of 6 sides
Surface area of 6 sides

Length of cube = 10cm
= 



= 



Surface area of 6 sides
Volume =


Volume =  


=









Volume = 

Surface Area:Volume Ratio

As the organism gets bigger the Surface area: Volume ratio gets ___________________
In organisms this makes it more difficult for a larger organism to exchange materials so adaptations must be made to overcome this problem.

The main method is to have specialised exchange surfaces with large areas to increase the surface area to volume ratio

What features must the specialised exchange surface have to allow exchange of materials?

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

For diffusion fick’s law must be obeyed in that:

	Diffusion α
	Surface area x difference in concentration

	
	Distance of diffusion path



Gas Exchange

1. In single celled organisms


e.g. amoeba 
Materials diffuse directly into or out of the cells across the cell surface. (by diffusion)

The exchange is rapid because the Surface Area: Volume ratio is large and the distance that the materials have to travel is small.

2. In multi-cellular organisms 

Diffusion will be too slow because cells are deep in the body and not close to the external environment

The surface area:volume ratio is small so not enough material can be diffused across the surface to allow the organisms to survive.

Gas exchange in insects

Insects have evolved a system of tracheal tubes throughout their body


[image: image1]
Openings at the side of the body called spiracles open into a branching system of tubes that supply the tissues with air.  The spiracles can open and close like valves allowing gas exchange but also reducing water loss

The smallest of the branching tubes are called tracheoles and are in contact with the tissues.  The ends of each tracheole contain a small amount of fluid in which the gases can dissolve.

When the tissues such as muscle are active the fluid is drawn into the tissue supplying oxygen.  The fluid is released back into the tracehole when the muscle is at rest so removing the waste carbon dioxide.  

Gas exchange in fish

Water contains less oxygen than air ( 0.7% in water, 20% in air) 

The rate of diffusion in water is slower and water is denser and more viscous so it does not flow as freely as air.  

Specialised gas exchange organs are needed – the gills.  Gills are made of numerous folds providing a large surface area over which water can flow and gases can be exchanged.

In fish there are four pairs of gills in the pharynx (throat) – each gill is supported by a bony gill arch.  Along each gill arch is a double row of gill lamellae.
These lie on top of each other. When surrounded by water they give a large surface area of gas.  The gill plates on each lamellae are the gas exchange surfaces.  Blood vessels bring deoxygenated blood to the gill lamellae.  Then blood pass through tiny capillaries present in each of the gill plates.  Oxygen passes through the gill plates into the capillaries and carbon dioxide passes out into the water.  Blood vessels carry oxygenated blood away.  

Make notes on the countercurrent principle
Gas Exchange in Plants – the leaf
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Gases enter the leaf through stomata - usually in the lower surface of the leaf. Stomata are enclosed by guard cells that can swell up and close the stomata to reduce water loss. The gases then diffuse through the air spaces inside the leaf, which are in direct contact with the spongy and palisade mesophyll cells. 

Plants do not need a ventilation mechanism because their leaves are exposed to the air, so the gas immediately surrounding them is constantly being replaced in all but the calmest of days (or in a greenhouse). In addition, during the hours of daylight photosynthesis increases the oxygen concentration inside the leaf, and decreases the carbon dioxide concentration. This increases the concentration gradients for these gases, increasing diffusion rate. 

The palisade mesophyll cells are adapted for photosynthesis. They have a thin cytoplasm densely packed with chloroplasts, which can move around the cell -  to ensure that every chloroplast receives the same exposure to light. The palisade cells are also closely packed together in rows to maximise light collection, and in ‘shade plants’ there may be two rows of palisade cells. 

The spongy mesophyll cells are adapted for gas exchange. They are loosely-packed with large intercellular air spaces where gases can readily diffuse. They have fewer chloroplasts than palisade cells, so carry out less photosynthesis. 

Summary
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Questions

1 Many insects release carbon dioxide in short bursts even though they produce it at a constant rate. The diagram shows how this is achieved in one particular insect.
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(a) Using information from the diagram, suggest what stimulates the spiracles to open. (1)

...............................................................................................................................................
...............................................................................................................................................
 (b) Explain what causes the oxygen concentration in the tracheae to fall when the spiracles are closed. (2 marks)

...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
 (c) The insect lives in dry conditions. Suggest an advantage of the pattern of spiracle movements shown in the diagram. (2 marks)
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
Jun05

2.  (a) In fish gills, water and blood flow in opposite directions.

Explain how this counter-current helps in the efficient exchange of respiratory gases. 



(1 mark)

...............................................................................................................................................
...............................................................................................................................................
 (b) Lungfish live in freshwater lakes in South Africa. They excrete nitrogenous waste through their kidneys and their gills.

(i) The nitrogenous waste of lungfish is converted in the liver to glutamine and

transported in the blood plasma in this form. Glutamine is non-toxic, but cannot

be excreted. An enzyme catalyses the conversion of glutamine to glutamate and

ammonia. Explain the advantage of cells in the gills containing this enzyme.

...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
...............................................................................................................................................
(3 marks)

(ii) During droughts, the lakes in which lungfish live dry up. Lungfish survive

enclosed in a layer of mucus and dry mud. During this time, they excrete urea

instead of ammonia. Explain the importance of the change in their excretory

product.                                                                           (2 marks) Jun 07

...............................................................................................................................................
...............................................................................................................................................
..............................................................................................................................................
...............................................................................................................................................

LEARN THIS AND WRITE THIS EQUATION IF ASKED TO DESCRIBE ADAPTATIONS OF TRANSPORT SYSTEMS _ plus refer to each part of the formula and how it helps
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