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You can use the following web links to help you with your studies.

	National 4
eTextbook
	http://nat4biopl.edubuzz.org/
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	BBC Bitesize
National 4
Multicellular Organisms
	http://www.bbc.co.uk/education/topics/zphg9j6
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	National 5
eTextbook
	http://nat5biopl.edubuzz.org/
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	BBC Bitesize
National 5
Multicellular Organisms
	http://www.bbc.co.uk/education/topics/z942tfr
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Unit 1 Life on Earth 
BGE Outcomes 
	Experiences and Outcome
	Benchmarks

	I can sample and identify living things from different habitats to compare their biodiversity and can suggest reasons for their distribution. SCN 3-01a
	Identifies living things using biological keys. 
Collects and analyses increasingly complex data and information, for example, temperature and light intensity, to suggest reasons for the distribution of organisms within different habitats. 

	I understand how animal and plant species depend on each other and how living things are adapted for survival. I can predict the impact of population growth and natural hazards on biodiversity. SCN 4-01a
	Describes how plants and animals depend on each other for food, shelter and pollination, using scientific vocabulary such as ‘population’, ‘community’ and ‘species’.
Explains the possible effects of removal or addition of species on food webs and biodiversity. Summarises research findings to provide examples of structural, physiological and behavioural adaptations which lead to species survival.

	I have collaborated on investigations into the process of photosynthesis and I can demonstrate my understanding of why plants are vital to sustaining life on Earth. SCN 3-02a
	Describes the process of photosynthesis (using the word equation) in terms of reactants (raw materials) and products. 
Applies knowledge gained from practical investigations to explain how green plants make their own food in the form of sugars and store this as starch. 
Investigates and presents information on how plants help to sustain life, for example, by providing oxygen, food, habitat, raw materials and medicines.

	Through investigations and based on experimental evidence, I can explain the use of different types of chemicals in agriculture and their alternatives and can evaluate their potential impact on the world’s food production. SCN 3-03a 
	Interprets data and information to establish a link between the use of fertilisers and plant yield and nutrient levels in the soil.
Researches an agricultural method, for example, chemical fertilisers, herbicides, pesticides, organic methods, genetic modification (GM) and biological control and evaluates their impact on food production.

	Through investigating the nitrogen cycle and evaluating results from practical experiments, I can suggest a design for a fertiliser, taking account of its environmental impact. SCN 4-03a
	Describes the nitrogen cycle and explains the importance of each stage.
Explores and explains the possible impact of the use of fertilisers, for example, algal blooms.








Unit 3      Topic 1 – Ecosystems

a. Definitions 				(National 4 and 5)

In order to talk about ecosystems we need to know some biological vocabulary. Complete the table showing the terms and their meanings.

	Term
	Meaning

	Species 
	A group of organisms that can interbreed to produce fertile offspring

	Biodiversity 
	The range of different species in an ecosystem

	Population
	A group of organisms of the same species

	Producer
	A green plant that carries out photosynthesis

	Consumer
	An organism that eats other organisms

	Herbivore
	An organism that eats only plant material

	Carnivore
	An organism that eats only meat

	Omnivore
	An organism that eats plant and animal material

	Predator
	An animal that hunts and eats other animals

	Prey
	An animal that is hunted and eaten by a predator

	Food Chain
	A diagram that show the direction of energy flow in an ecosystem

	Food Web
	A diagram that is made up of several interconnected food chains











b. (i) Ecosystems
[image: ]An ecosystem is a natural biological unit made up of living and non-living parts.  Ecosystems are found all over the planet.   They can be as small as a little pond or as big as an ocean!

The non-living parts are called abiotic factors and include climate and soil conditions.

The living parts include the community of organisms that interact to form a food web. These are called biotic factors.

(ii) Food Chains and Webs						

Food chains and webs are diagrams that show energy flow in ecosystems. The arrows in a food chain show the direction of energy flow.
[image: ]






Feeding relationships in an ecosystem are very complicated.  Food chain diagrams are not complex enough to show all of the interactions.  We can use food webs to show the complicated feeding relationships. 
	Food webs consist of several food chains linked together. 
[image: ]
We can use food webs to predict changes to biodiversity.

For example;
What would happen to the number of mice if the grasshoppers died out?
The number of mice would maybe decrease as the owls would need to eat more mice to survive.
OR
The number of mice would increase as there would be more grain to eat.
OR
The number of mice would stay the same as there would be more to eat but more would get eaten.

What would happen to the number of birds if the grasshoppers died out? Give a reason for your answer. 
Decrease – the birds eat the grasshoppers so would have less food
Increase – the grasshoppers eat the grains, less grasshoppers more grains for birds to eat
Stay the same - the grasshoppers eat the grains, less grasshoppers more grains for birds to eat but the birds also eat the grasshoppers so would have less food from that source.

c. Niche
[image: ]A niche is the role that an organism plays within a community. It includes the use it makes of the resources in its ecosystem and its interactions with other organisms in the community including;
· Competition
· Parasitism
· Predation
· Light 
· Temperature
· Nutrient availability.

The table below shows some examples of a niche.
	Niche
	Description

	Parasite
	An organism that feeds from its host and causes it harm

	Predator
	An organism that hunts and eats other organisms

	Decomposer
	An organism that feeds from dead organisms and releases useful substances back into the environment.

	Producer
	A green plant that can photosynthesise and produce food 





Most organisms have complex niches and have a variety of roles.
[image: ]
For example bracken is a fern that provides food for butterfly larvae, a habitat for sheep ticks and a canopy for shade plants like the bluebell.

:



d. Competition in Ecosystems					(National 5)

[image: ]Competition occurs in an ecosystem occurs when two or more members of a community need the same resources which are in short supply.

Plants may compete for light, moisture and soil nutrients.

Animals may compete for food, mates and nesting sites.

There are two different types of competition:

Interspecific – Competition between members of different species
Intraspecific – 	Competition between members of the same species.  Intraspecific competition is the most intense as the members of the species need exactly the same resources.














[image: Screen Clipping]Focus on Problem Solving 
Averages

How to do: 

Add up all the numbers and then divide by how ever many numbers you’ve added together. 

Example: 

[image: ]Complete the table by calculating the average width of the leaves from the vertical stem.

Working: 
32 + 34 + 35 + 44 + 35 =180
180/5 = 36

Answer: 36








d. Competition in Ecosystems					


Now you try one…
 [image: ]
             [image: ]5+2+3+14 = 24
24/4 = 6
6


Unit 3      Topic 2 – Distribution of Organisms

a. Biotic and Abiotic factors 					(National 4 and 5)

Ecosystems are affected by many factors.  These factors can be separated into two groups.
Abiotic factors are non-living factors such as features of the climate or weather.
Biotic factors are living factors, including other organisms both large and microscopic that can affect ecosystems.

Fill in the table below to show examples of abiotic and biotic factors.
	Biotic
	Abiotic

	Predation
Competition for resources
Disease
Availability of food
Grazing
	pH
temperature
moisture
light intensity
























b. Measuring Abiotic Factors					(National 5)

Abiotic factors are non-living factors present in an ecosystem.  They act upon the living organisms in an ecosystem as living things can only survive if they are suited to the abiotic conditions in an environment.
	Abiotic Factor
	Technique for measurement
	Possible sources of error
	Ways in which errors may be minimised

	Light intensity
	The switch on the meter is set at the light meter position.  The meter is held so that the light sensitive panel is directed towards the light source to be measured.
	a. The observer may stand in the way of the light and cast a  shadow on the meter


	a.  Ensure that all observers are standing to one side of the light meter

	Moisture content of soil

	The switch on the meter is set at the moisture meter position.  The moisture probe is pushed into the  soil and the reading is taken from the scale once the pointer has stopped moving
	Moisture from a previous measurement may be left on the probe and affect the next reading
	Wipe the probe clean with a tissue

	Temperature
	Thermometer is placed in the soil or air until reading  is constant
	Probe not inserted deeply enough into soil
	Push probe into the soil to half its depth

	pH
	pH probe is placed into the soil and needle is allowed to stabilise
	Reading may be contaminated from a previous  measurement and affect the next reading
	Wipe the probe clean with a tissue









c. Sampling Plants and Animals			(National 4 and 5 )
Evaluation of Techniques				(National 5)

We can use a variety of different sampling methods to find out about the plants and animals that make up an ecosystem.
· Quadrats 	– 	Used to measure the abundance of plants in an 
ecosystem.
· Pitfall traps –  	Used to sample the ground living insects in an 
ecosystem.
	Technique
	Organisms Sampled
	Technique
	Sources of Error
	Minimising Error

	Pitfall Trap
	Insects
	Beaker is inserted into soil, top level with soil surface. 
	1.Birds  may eat trapped animals
2.Some animals in the trap may eat others.
3.Numbers and types of organisms are not representative of the ecosystem
	1.Disguise trap with leaf
2.Set up multiple traps

	Quadrat
	Plants
	Rectangular grid is placed onto area of the ground and abundance of plant is counted.
	1.Numbers and types of organisms are not representative of the ecosystem.
                
                                  2.Some plants may be partially inside the quadrat
	1.Throw quadrat several times in the area and place at random.  Calculate average number of organisms. 
2.Establish a set of firm rules for counting that everyone follows.






d. Paired Statement Keys
Keys are diagrams that can be used to identify organisms by looking at their physical characteristics.
[image: j0314394][image: j0314395]An example of a paired statement key is show below:

[image: j0314127]

[image: j0314397][image: j0314398]

Mickey
Max
Rookie
Minnie


1. The dog is large……………………………………………………Go to 2
The dog is small……………………………………………………Go to 3

2. The dog’s ears stand upright……………………………………...Rookie
The dog’s ears are floppy…………………………………………. Max

3. The dog has very short legs………………………………………..Minnie
The dog has normal legs…………………………………………... Mickey

Use the key below to identify the 4 birds below:
1. The tail is notched………………………………………………………………...Go to 2
The tail is deeply forked………………………………………………………….Swallow

2. The body is light in colour…………………………………………………..……Go to 3
The body is dark in colour……………………………………………………..…Swift

3. Coloured breast band present………………………………………….................Sand Martin
Coloured breast band absent…………………………………………………....House Martin
[image: ][image: ][image: ]
[image: ]




A – House Martin	         B – Sand Martin	   C – Swallow	           D – Swift
e. The Effect of Abiotic Factors on the Distribution of Organisms 	

[image: Multiple pitfall traps: trap A is placed in the open, trap B is placed under the trees and bushes]How successfully an organism can survive in an area is influenced by the abiotic factors in that area.
Look at the examples below:

In this example more invertebrates are found in the trap in area B.  Area B has higher soil moisture and lower light intensity.  
The reason for more invertebrates in B could be:
· they can hide from predators more effectively
· the damp soil means that invertebrates such as worm, woodlice and slugs can respire and survive.

This is an example of a past paper question about abiotic factors and distribution:

In an investigation into the distribution of heather plants, six quadrats were placed in a line from the top to the bottom of a hill.
Soil moisture, pH, surface light intensity and heather abundance score were recorded for each quadrat.
[image: ]
The following table shows the results.
	Quadrat
	Soil Moisture (%)
	Surface Light Intensity (lux)
	pH
	Heather abundance score

	1
	10
	10 000
	5.5
	25

	2
	15
	11 000
	5.4
	22

	3
	40
	10 000
	5.5
	15

	4
	63
	10 500
	5.5
	9

	5
	71
	12 000
	5.6
	6

	6
	81
	11 000
	5.4
	0




(i) Describe the distribution of heather on the slope of the hill.
As we move down the hill the heather abundance decreases (or inverse)
(ii) Which of the abiotic factors recorded has the greatest effect on the distribution of the heather plants?
Soil moisture
(iii) Which quadrat would be most likely to contain a species of plant
which grows best in wet soil with a low pH?
		Quadrat 6


f. Indicator Species						(National 5)

Some types of living organism only survive well under certain environmental conditions. These are called indicator species. Their presence or absence can tell us about the levels of pollution in an area.




The table shows some examples of indicator species.
Lichens can be used to measure air pollution.  Sulphur Dioxide (SO2) is produced when fossil fuels burn.
Fresh water invertebrates are sensitive to oxygen levels.  When water pollution is high there are lots of bacteria in the water which decreases oxygen (O2) levels.

	Part of environment
	Indicator species present
	Condition organism is sensitive to
	Level of pollution

	Air
	Crusty Lichens
Leafy Lichen
Shrubby Lichen 
Hairy Lichen 
	SO2 High
SO2 Medium
SO2 Low
SO2 Very Low / Zero
	

	Fresh water
	No animals present 
Rat tailed maggot and Slugeworm
Fresh water shrimp
Mayfly and stonefly nymph
	O2 level Zero 
O2 level Low
O2 level Medium 
O2 level High
	




Pollution Toolkit
How would you decide if the area was polluted?
	Type of Pollution
	Organisms Present

	
	Polluted
	Not Polluted

	Air
	Crusty lichens
Leafy lichens
	Hairy lichens
Shrubby lichens
Blackspot fungus

	Water
	Sludgeworm
Bloodworm
	Mayfly / stonefly nymph
Freshwater shrimp





[image: Screen Clipping]Focus on Problem Solving 
Ratio

How to do: 
Write down each number with a: between them. Simplify each number until they can’t be simplified anymore. If there is a decimal place, multiply each number by 10, 100 etc. to get a whole number, then simplify as normal. 
Example:
In a survey of 90 students it was found that 25 of them had hitchhiker’s thumb. Calculate the number of students with straight thumb to hitchhiker’s thumb as a simple, whole number ratio.

Working: 90 in total. 25 = hitchhiker’s thumb. Therefore, 90 – 25 = 65 have straight thumb. 
Straight: hitchhikers
Both numbers can be divided by 5

        65   :     25
	    	                          =     13: 5

Answer: 13:5
Now you try one…
[image: ]
Calculate the simple whole number ratio of grey squirrels to red squirrels at 8 years.
Space for working
grey 250
red 50    5               1

250:50							Answer      ______:________
									
Unit 3      Topic 3 – Photosynthesis				(National 4 and 5)

a) Photosynthesis
Green plants are called producers as they make their own food in a process called photosynthesis. 
Photosynthesis is a series of enzyme controlled reactions in two stages

   Light Reaction 
· First stage of photosynthesis
· Light energy from the sun is trapped by chlorophyll in a chloroplast
· The energy is used to split water into hydrogen and oxygen
· The light energy is changed into chemical energy in the form of ATP
[image: MC900434736[1]]

ADP + Pi
Light energy from the sun trapped by chlorophyll


ATP


Water




Hydrogen
(attaches to hydrogen 
acceptor molecules)
Oxygen
(diffuses from the cell)




Carbon Fixation
This is the second stage of photosynthesis. It involves a series of enzyme controlled reactions joining together carbon dioxide and hydrogen to form sugar. This reaction requires ATP and hydrogen, passed on from the light reaction.
 Carbon Dioxide 
Hydrogen
Sugar
Enzyme controlled 
ATP
ADP + Pi




The Fate of the Energy
The chemical energy in sugar is available for:
1. Respiration
2. Conversion to starch for storage.
3. Conversion to cellulose for structural use (cell walls)

b) Limiting Factors
If a factor is in short supply and limits the rate at which a reaction happens it is called a limiting factor. In photosynthesis these are:
· Light Intensity
· Temperature
· Carbon dioxide concentration

Limiting factors can reduce the growth of a plant when they are in short supply.
Increasing light intensity or carbon dioxide concentration should increase the rate of photosynthesis, until the plant is receiving as much as it can use at which point they stop being a limiting factor
A - 0.01% CO2
B - 0.10% CO2
C - 0.50% CO2
X
Y

Rate of Photosynthesis








Light Intensity


· At the points labelled Y the limiting factor is light intensity
· At the points labelled X the limiting factor is carbon dioxide concentration
· Temperature acts as a limiting factor as enzymes are involved in photosynthesis are temperature dependant. 
[image: Screen Clipping]Focus on Problem Solving 
Variables
How to do: A variable is something that can change during an experiment. During experiments, only one variable should be changed, all other variables should be kept the same. This will mean the experiment is valid. Some common variables are: temperature, concentration, volume, time experiment ran, quantity/number of something, mass, light intensity, pH. 
Example: 
An investigation was carried out to find the effect of pH on the activity of an enzyme. Substrate at different pH values was added to the enzyme in different test tubes.
[image: ]State two variables that must be kept constant 
for a valid conclusion to be made from this investigation.


Working: Think about variables that would need to be
measured or monitored when doing this experiment.
 Answer cannot be pH because that was the variable being changed. 

Answer: Volume of enzyme, volume of substrate, concentration of enzyme, concentration of substrate, temperature of solutions, length of time experiment is left before recording results.
Now you try one…[image: ]
A

Answer __________
Unit 3      Topic 4 – Energy in Ecosystems

a. Food Chains						(National 4 and 5)
	Energy is lost as we move along a food chain.  
This energy is lost through heat and movement.  It is also lost as undigested materials in animal waste.
90 % of energy is lost at each level in a food chain. This means that only a small quantity of energy is used for growth and therefor available at the next level in a food chain.


[image: ]



b. Pyramids								(National 5)

Food chains can be represented in a pyramid diagram to show the energy or numbers or of each organism in the chain.

A pyramid of numbers shows the number of organisms at each stage in a food chain.
A pyramid of energy shows the energy at each stage in a food chain.

Pyramids of energy always look pyramid shaped as energy is lost as we travel along the food chain.  A pyramid of numbers can look different and not always pyramid shaped as organism size can affect the numbers.  For example look at the 
pyramid of numbers below;


                     Oak Tree	     Caterpillar          Shrew        Owl



	
	
	
	← Owl

	
	
	
	← Shrew

	
	
	← Caterpillar

	
	
	
	← Oak Tree




One oak tree can support all of this food chain and so the pyramid isn’t a regular pyramid shape.

Draw a pyramid of numbers for the food chain below;

	Grass       Worms       Hedgehog      Fleas 
[image: ]













Unit 3      Topic 5 – Food Production

a. Increasing Population					(National 4 and 5)

The number of humans on our planet is increasing.  The human population is predicted to reach around 10 billion by 2050.  
[image: ]As the number of people increases, the yield of food from farming will also need to increase or starvation and malnutrition will occur.

Fertilisers and Pesticides need to be used to increase food yield. 
Fertilisers contain chemicals such as nitrates that increase crop yield.
Pesticides kill plants and animals that decrees crop yield. 



b. Nitrates
Nitrates are chemicals that contain Nitrogen. Nitrates are dissolved in soil water and absorbed into plants. Nitrates are used to produce amino acids which are synthesised into plant proteins. 
Animals consume plants or other animals to obtain amino acids for protein synthesis. 
Fertilisers can be added to soil to increase the nitrate content of the soil. They can add it in natural ways by using manure and ploughing clover into their fields or they can be artificial like liquid nitrate fertilisers.  Fertilisers can have disadvantages.






c. Fertilisers								(National 4 and 5)

Fertilisers can leach into fresh water. Rain falls on the soil and washes the nitrates into streams and rivers. This adds extra, unwanted nitrates. This will increase algae populations which can cause algal blooms. Algal blooms reduce light levels, killing aquatic plants. These dead plants, as well as dead algae, become food for bacteria which increase greatly in number. The bacteria use up large quantities of oxygen, reducing the oxygen availability for other organisms. Less oxygen means that less life can be supported and so biodiversity is reduced.

Genetically modified (GM) crops can be used to reduce the use of fertilisers. 

d. Pesticides								(National 5)

Pesticides are substances that are sprayed onto crops to kill organisms that can reduce plant growth such as weeds, insects and fungi. 

Pesticides can build up in the bodies of organisms over time. DDT is an example of this.
DDT was a pesticide sprayed onto plants and so it entered the food chain in plants.
Herbivores absorbed the DDT into their bodies when they ate the plants.  Then the secondary consumers ate the herbivores and their DDT levels increased.  
As animals tend to eat lots of organisms from the level below in food chains, the concentration of pesticide in the bodies of organism’s increases as they are passed along a food chain. 
This can result in the toxicity of the pesticide reaching fatal levels in the organisms at the top of the food chain.




[image: ]

Genetically modified (GM) crops can be used to reduce the use of fertilisers. 






         Biological control and GM crops					

There are alternatives to using pesticides. A more natural way of protecting crops from pest species involves releasing a natural predator into the crop growing area. The predator will kill and eat the pest (prey) and as a result the number of pests will drop. This is known as biological control. 

[image: ]E.g. ladybirds are predators of aphids. Aphids are small insects that feed on plants. At the first sign of aphids, ladybirds can be introduced into the area. They will reduce the number of aphids without causing any damage to the plant. 

Another way to increase plant yield without the use of pesticides is to use genetically modified crops. Genetically modified crop plants have received genes from other organisms in order improve their characteristics. Scientists have added genes from bacteria into the crop plants maize and potatoes that make them resistant to insects. This reduces the need to use large quantities of insecticides.

There are strong arguments for and against genetic modification of crop plants. Some people are excited by the almost limitless possibilities of genetic modification, while others believe the process is unethical and should be banned. There are concerns about the effect of GM crops on wild flowers and insects, and whether eating GM food may harm human health.






[image: Screen Clipping]Focus on Problem Solving

Percentages – Percentage Change


How to do:       differenceX 100

	     
		  original
Example:
Complete the table by calculating the percentage change in mass for beaker A.

[image: ]








Working:     differentX 100

	          Don’t forget to add a + to show a percentage increase and a – to show a percentage decrease!

                     Original

=    67.5 – 54.0X 100

            54.0

= +25%

Answer: +25%

Now you try one…

[image: ]
Space for calculation 


+300

									Answer __________%

Unit 3      Topic 6 – Evolution of Species

a. Mutation								(National 5)
A mutation is a random change to the genetic material of an organism.  Mutation is the only source of new alleles.
Mutations are:
· Rare (they don’t happen very often )
· Random (they are not guided and don’t have a specific purpose)
· Spontaneous (they are unplanned and can happen without cause or warning)

Mutations can give an organism an advantage (for example in the peppered moth)
[image: ]or a disadvantage (for example in cystic fibrosis).  Many mutations are neutral which means that they do not produce a significant change in the organism.

[bookmark: _GoBack]The rate of mutation can be increased by a mutagenic agent.  These can be chemicals such as mustard gas or radiation such as UV light, X-rays and gamma rays.  

b. Variation								(National 4 and 5)
New alleles produced by mutation allow plants and animals to adapt to their environment.  Mutation creates variation.  All members of a population show variation.  Variation describes the small differences between individuals in a species.  This variation is caused by small differences in genetic information.
Variation is essential to evolution.  It allows populations to change with changing environmental conditions over time.  This causes populations to be adapted to their environment. 

Adaptations are inherited characteristics that means an organism is better suited to its environment/niche and so has a better chance of survival.  
These adaptations can be structural or behavioural.

Look at the examples of adaptations below; 
Cactus plants have structural adaptations which allow them to survive in hot, dry conditions. These adaptations allow the cactus to conserve water.

Leaves reduced to spines to reduce water loss
Waxy surface to reduce water lost by transpiration 
Long tap roots to reach water deep in the soil
Succulent tissue to store water












Desert rats have behavioural and physiological adaptations to help them survive in a very dry environment.



[image: \\h006filesrv01\staff$\Work\13699HamillLynn\Documents\My Pictures\rat.jpg]Do not sweat to prevent water loss

Behavioural
Stay in burrow during the day and is active at night when it is cooler to prevent overheating



Produce very little, concentrated urine to conserve water














c. Natural Selection						(National 4 and 5)
Natural Selection is the process which drives evolution. 

The process of natural selection was first described by Charles Darwin in 1858.  It can also be described as ‘the survival of the fittest’.  It happens in a series of steps;
A species produces more offspring than the environment can support.




All offspring show variation. 
Some characteristics will give individuals an advantage and others will give a disadvantage.




There is a struggle for survival.  Selection pressures act on the population.


Death from disease
Death due to inability to survive abiotic environmental conditions


Death due to inability to compete for scarce food or other resources.

Death from predation

Survival of the Fittest



The best adapted individuals pass on their genes to their offspring.
These alleles give a selective advantage.





The offspring have a struggle for survival.



Survival of the fittest again and again and again……





d. Speciation								(National 5)
A species is a group of organisms who can interbreed to produce fertile offspring.
Speciation is the process by which new species are made.

1. Isolation 
Populations can become isolated and then separated from each other by isolating barriers. These barriers will prevent populations from interbreeding with each other and exchange of genes
The three main types of barriers are –
· Geographical - mountains, deserts, oceans and rivers
· Ecological - temperature, pH, humidity and altitude
· Reproductive - individuals in a population become fertile at different times 
of the year or  their courtship behaviour is different or unattractive.
2. Mutations
Within each population different mutations will occur randomly.  This means that different mutations will appear in each population.  These mutations will create variation by producing new phenotypes.
3. Natural Selection
If each population is in a different environment selection pressures will be different. Depending on the environment, the best adapted organisms will survive (survival of the fittest) to breeding age.  The best adapted will pass on these favourable characteristics to their offspring in the next generation. 
4. Time
This process will be repeated through many generations over a long period of time.   A new species will eventually be formed by speciation when the isolation barriers are removed and the populations can no longer interbreed with each other.  They have become so genetically different that they are now two different species.
[image: ]SPECIATION

e.  Learned Behaviour							(National 4)
	
The ultimate goal of every organism is to survive and have offspring.  Organisms have evolved to respond to stimuli (something in the environment that causes a response) in certain ways.  These behaviours increase their chance of survival.  
Look at the examples below.

	Organism
	Stimulus
	Behaviour
	How behaviour improves survival chance

	Bees
	Discovery of food
	Waggle Dance
	Other bees are directed towards food to save energy in looking for food.

	Woodlice
	Light
	Moves quickly in light and slowly in dark.
	More likely to move to dark because dark places are more likely to be damp which prevents woodlice drying out.  
Less likely to be seen by predators.

	Paramecium
	pH
	Moves towards weakly acidic conditions
	Increases chance of obtaining food as they feed on bacteria which exist in acidic conditions.



Habituation is an example of a learned behaviour.  It is demonstrated by snails.
[image: ]If a snail is tapped it will withdraw into its shell.  This is an innate behaviour to avoid predators.  However if the snail is tapped repeatedly but is not attacked then it stops withdrawing.  This is called habituation.  It stops animals wasting energy by responding to repetitive, harmless stimuli.
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The Food Chain Of An Owl

A food chain shows the path of energy from one living thing to another.
Decomposers like bacteria, are necessary for all food chains.
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Leaf width (mm)

teaf
Horizontal stem Vertical stem
1 52 2
2 60 34
3 56 35
4 50 44
5 52 35
average 54
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Environmental scientists carried out a study on lichen species at four
different sites and obtained the resuts shown in the table below.

Number of lichen species present
site | shrubby Leafy crusty
A o 5 )
B 3 2 o
c 16 3 o
) 7 14 2
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Calculate the average number of leafy lichen species present at the
four sites.

‘Space for calculation
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The graph below shows changes in the population of red and grey squirrels in an area
of woodland over a 10 year period.
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7. An investigation was carried out to compare the rate of oxygen gas production by
two different species of water plant, S and T.
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‘comparison in the rate of oxygen production of the two species?
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© PCBs are released from multiple sources into Puget Sound
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DDT can be sprayed onto crops to kill insects. It can be washed off the crops by rainwater
and flow into rivers where it accumulates in food chains.

A typical freshwater food chain and the concentration of DDT in each organism is shown
below.

Food chain: algae —» stickleback — trout —» osprey
DDT concentration:  0-001 20 50 200

‘The percentage increase in DDT concentration between the trout and osprey is
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