References to a textbook are to: Collins Advanced Modular Sciences: Applied Ecology (Damien Allen, Gareth Williams)
Diversity



Module 6
The diversity of an ecosystem refers to the variety of different species present.

Techniques for measuring diversity

Revision from module 5

· Frame and point quadrats (page 7-8)

· Line and belt transects (page 9)

· Netting and trapping (page 10-11)

· Random sampling (page 6-7)

Mark-release-recapture – copy flow chart from page 12

The total population is calculated by:

Total number of animals in population = 
number in sample 1 x number in sample 2







number of marked animals in sample 2

Make sure you can give some reasons why this may not be a reliable method for calculating population size.

Now answer question 2 page 12.

Diversity index

This is a formula for calculating the diversity of an ecosystem.

d = 
N (N – 1)


∑ n (n - 1)

Where N = total number of organisms of all species

and n = total number of organisms of each species

When collecting data for a diversity index, it is necessary to count numbers of organisms, for example by using a point quadrat.

Look at the worked example on page 13, then answer question 3.

Also question 7 page 444 J + J.

Abiotic and biotic factors – again!
For an individual community there are many factors which can affect the number of species present – abiotic or biotic.

Revision – make a list in the following table:-

	Biotic factors
	Abiotic factors

	
	


Biotic factors exert a density-dependent effect on populations – this means that the effect of the biotic factor will depend on the number of organisms in the population.

Abiotic factors exert a density-independent effect – this means that…………
Read the case study on page 17 and answer the questions.

Microclimates

Abiotic factors can vary even within a habitat – and these different areas in the habitat are said to have their own microclimate.  Read the example of the microclimate of a hedge on page 14 – 15.

Stability of ecosystems

In extreme environments fewer species are able to survive.  E.g. the mammalian gut, rock pools which are frequently scoured by storms.  In these extreme environments it is the abiotic factors which dominate the distribution and abundance of species.

Biotic factors are more important when the environment is less hostile, as the diversity of organisms is high.  The longer the community has existed, the more species will have had the opportunity to join it – e.g. the longer a tree species has been in British woodland, the more insect species are associated with it (oak, 9000 years, 284 insect species: horse chestnut, 400 years, 4 insect species).

All these factors interact, for example if the environment is harsh, a species that is not competitive in an easier environment might be more able to survive there.

Relationship between stability and diversity

Are diverse communities more stable?

Consider a community with only a handful of species.  The food web may well contain predators which only have a single prey species.  The chance extinction of that prey species would then lead to the extinction of its predator.  In a more diverse community this would have less extreme consequences.

However, the interactions between species are also important, and there may be some that are more vital to the community than others.

Remember succession?  As the diversity increases the physical environment becomes less hostile and more species can survive.

Read J + J 440 – 443 and answer q 11 page 446

Examination questions page 20-21 – answer question 4
Effects of pollution on diversity

Module 6
Pollution

Pollution is the addition of a potentially harmful substance to the environment at a rate faster then the environment can accommodate it.

Freshwater pollution

Revision from module 5

	Domestic effluent is 95%-99% water, the remainder being organic matter such as urea and faeces.  This organic matter acts as food for saprophytic organisms.

Aerobic saprophytes in water use up oxygen as they break down the organic matter.  This creates a ………………………………………………………………………………

Where raw sewage enters a river, it creates a ……………… which gradually decreases further downstream as organic material is decomposed.  Urea is converted to ammonia by saprophytic bacteria and this is then converted to nitrate by nitrifying bacteria.

Additional nitrates in the water encourage algal growth until the extra nitrates are used up by the algae.  However this can lead to further oxygen depletion when the algae die off in the autumn and are decomposed. (see graph 1)


The population of animal species vary according to the level of oxygen in the water.  Most tolerant of low oxygen are worms of the genus Tubifex whose haemoglobin had a particularly high affinity for oxygen.  These worms can therefore survive close to a sewage outfall and as competition is reduced because other species cannot survive their numbers increase greatly.

Further downstream as oxygen levels rise larvae of the midge Chironomus are able to survive.  These compete with the Tubifex for the small amount of oxygen and the worm population is reduced.

A continuing rise in oxygen levels downstream results in the appearance of species like the water louse Asellus.  This increases competition further.

Finally as the sewage is completely decomposed, oxygen levels return to normal and clean water species like the freshwater shrimp Gammarus are present.

These organisms act as indicator species for polluted water – see graph 2
Diversity indices can also be used – a high diversity index would indicate …………

A low diversity index would indicate…………

Look at the data on page 25 and answer questions 3 and 4

Heavy metal ions

Lead pipes were used in the past for water and lead was added to paint.  This lead is not a very serious threat to health as lead is not easily absorbed through the wall of the gut.  In addition the use of lead pipes has been abandoned.

Lead in the air is easily absorbed through the alveoli into the blood.  This lead is mostly from car exhaust fumes.  Tetra-ethyl lead is added to fuel as an anti-knock agent.  50 000 tonnes a year are released into the atmosphere.

Adverse effects of lead are:

1. Digestive problems causing intestinal colic.

2. Impaired kidney function.

3. Nervous problems including convulsions.

4. Brain damage and mental retardation in children.

Lead also damages enzymes – it is a non-competitive inhibitor.

Mercury forms strong complexes with proteins and so causes disruption of cell membranes and denaturation of enzymes.

Kidney, liver and brain are the most affected with loss of sensation, paralysis and death.

Mercury is used in industry.  Read the case study on page 27 and answer the questions.

These heavy metal ions bioaccumulate (remember DDT in module 5?)

Use the table on page 26 and the above information to fill in the following summary:

	Heavy metal
	Major sources
	Biological effects
	Symptoms

	Pb Lead
	
	
	

	Hg Mercury
	
	
	

	Cd Cadmium
	
	
	


Lethal dose and lethal concentration

When assessing the toxicity of heavy metal ions, the following methods are used.

LD stands for Lethal Dose. LD50 is the amount of a material which causes the death of 50% of a group of test animals (usually rats and mice).

LC stands for Lethal Concentration. LC5 is the concentration of a substance in water that kills 50% of the test animals in a given time.

Problems with these methods:

· They fail to account for environmental conditions

· Lots of rats and mice die!

(see page 28 for more details)
Acid rain

1-4% of fossil fuel is sulphur.  When fossil fuels burn the sulphur is oxidised and sulphur dioxide is released.  30 million tonnes of sulphur dioxide is released from chimneys in Europe each year, mostly from coal-burning power stations.
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Europe 59 42 31 26 18

U.S. 24 20 16 15 14

Asia 15 34 40 53 79





	emissions of sulphur dioxide in millions of tons




Oil from Kuwait has a naturally high sulphur content. Oil well fires, some set on purpose during the Gulf War of the early 1990s, released much sulphur dioxide into the atmosphere.
Sulphur dioxide is soluble in water and therefore dissolves readily in rainwater as it falls.  Other pollutants involved in the formation of acid rain include nitrogen oxides (from car engines).  Clean rainwater has a pH of 5.6 due to dissolved carbon dioxide.  Rain polluted with acidic gases typically has a pH 4.0 to 4.5.  In the last great London smog in 1952 the highest acidity detected was pH 1.6.  

Acid rain destroys plants and animals in several different ways: 

1. Acidification of lakes directly kills algae, invertebrates, amphibians, and ultimately fish. The result is a crystal clear lake that is beautiful but dead. In Canada, they have tried to counteract lake acidification by adding crushed limestone to the lakes. But this is too expensive ($80,000 for a medium lake). 

2. Acid rain dissolves essential nutrients, including calcium and potassium, out of the soil thus reducing their availability to plants. It also kills microorganisms, preventing decomposition from returning nutrients to the soil.   Phosphate ions precipitate out of water at a low pH, causing aquatic plants to die.

3. Acid rain also dissolves toxic metals, such as aluminium and mercury, which are otherwise insoluble and harmless.  Aluminium is particularly harmful to fish – see page 30.  Look at the graph in figure 5 and answer question 6.

Crude oil

Most oil pollution occurs as a result of illegal washing at sea of storage tanks of oil tankers, or accidental spillage.

The Sea Empress, loaded with 130 000 tonnes of crude oil, ran aground at Milford Haven, Pembrokeshire on 15 January 1996.  By the time she reached harbour 6 days later, more than 50% of the cargo had been spilt.  About 120 miles of rocky coast was polluted, including three nature reserves, 70 000 sea birds were affected.

The Exxon Valdez oil spill in Alaska's Prince William Sound in 1989 leaked 44 million litres of crude oil and was estimated to have killed at least 250 000 birds. 

During the Gulf War, 120 million litres of oil were released from damaged onshore storage tanks in the Persian Gulf. 

Five million metric tons of oil a year ends up in oceans. Large oil spills kill plankton, fish larvae, and shellfishes, as well as birds and marine mammals.

Sea birds are badly affected.  Oil coats their feathers preventing them from flying and also reduces their insulatory properties causing death by hypothermia.  Oil coats seaweed preventing photosynthesis and covers the gills of shellfish interfering with feeding and respiration.

The effects are however short lived and shores commonly recover within two years.

Detergents used to disperse oil can increase the ecological damage as they are toxic.

References in Jones and Jones – chapter 20

Section 20.4 acid rain

Section 20.6 sewage

Section 20.8 oil

Section 20.9 pollutants from industry

Examination questions page 33 – answer questions 1 and 2
Adaptation

Module 6
Organisms are adapted for survival in a given niche. 

These adaptations can be:-

Structural 
Physiological 
Behavioural

Structural adaptations

1. Body size and shape 

Mammals are endothermic (maintain their body temperature above that of the environment).  Heat is lost through the body surface.

surface area/volume ratio – remember module 1

So in a cold climate

……………………………………………………………………………………………………………………………………………………

but in a warm climate

……………………………………………………………………………………………………………………………………………………

	Picture – small ears
	Arctic fox

Body temperature 37°C

Average environmental temperature 0°C

	Picture – medium ears
	European fox

Body temperature 37°C

Average environmental temperature 12°C

	Picture – large ears
	African bat-eared fox

Body temperature 37°C

Average environmental temperature 25°C


How do reptiles regulate their body temperature? (see page 35) 

answer question 1 page 36.

2. Plant adaptations

Xerophytes are

…………………………………………………………………………………………………………………………………………………………

Fill in the following table to show the advantages of xerophytic adaptations

	Xeromorphic feature
	Effect

	Thick cuticle to leaf and stem
	

	Layer of hairs on the epidermis
	

	Leaves in a rosette at ground level
	

	Reduction in the number of stomata
	

	Stomata in pits or grooves
	

	Leave reduced to little more than scales on a photosynthetic stem
	

	Leaf rolled or folded when short of water
	

	Extensive root system near surface of ground
	

	OR Deep root system
	


Most common example in exam questions is Marram grass which grows on sand dunes – see the diagram on page 36 
Halophytes are plants which can tolerate a high salt concentration such as those found in estuaries and salt marshes.  They have a high transpiration rate and low water potential in their root cells which allow water to be taken up.  

Examples

Cord grass (Spartina) which has an extensive system of rhizomes with roots for water uptake.

Glasswort (Salicornia) which can store water when it is freely available.

Sea milkwort (Glaux) which can regulate its salt content by excreting salt from glands at the margins of the leaves.
Also see the case study on page 37

For a clue to the question look at http://www.cnn.com/TECH/9606/18/t_t/saltwater.farms
Physiological adaptations

1. Water balance in desert rodents

Desert rodents have to survive in areas of little water.  Some do not need to drink at all.  Therefore they need adaptations to reduce water loss.

· They do not sweat – but find other ways of keeping cool – such as?

· Their kidneys have a long loop of Henle – how does this help?

See page 39 – answer question 3

2. C4 photosynthesis

Plants that live in hot, dry conditions have difficulty in obtaining enough CO2 for photosynthesis – why?

Plants in the tropics also have another problem – as light intensity or temperature increases, there is a tendency for Rubisco to combine oxygen (not carbon dioxide) with RuBP, wasting a lot of energy.

C4 plants have evolved an adaptation to fix C02 prior to the Calvin cycle.  In their mesophyll cells they have an efficient enzyme called PEP carboxylase which fixes CO2 to a 4-carbon compound which then passes into the bundle sheath cells where the Calvin cycle takes place.  Rubisco and RuBP are found in the bundle sheath cells, so they are not exposed to oxygen.

(compare with C3 plants which produce a 3 carbon sugar (triose phosphate) as the first main product)

Examples of C4 plants are maize, sugarcane and millet
Advantages of C4 photosynthesis

· Maximum rate of carbon dioxide fixation is greater so they can take advantage of the higher temperatures and light intensity of the tropics to be very productive

· They are more tolerant of dry conditions because their stoma do not need to be open for as long

However the C4 pathway requires extra energy, which is likely to be a limiting factor in cooler, moister regions.

Behavioural adaptations
1. Migration

This is defined as a periodic long-distance movement from one location to another.

Birds tend to fly north in the summer to breed, and then south in the winter to find food which would not be available at their breeding grounds.

· In autumn, whitethroats and willow warblers leave the UK and migrate to tropical West Africa. Blackcaps fly to North and Central Africa (south of the Sahara desert). These three birds are summer visitors to the UK. They leave our shores once autumn sets in. 
· In winter, some birds migrate to the UK from elsewhere. Redwings migrate from northern Scandinavia, Siberia and Iceland, fieldfares from central Russia and bramblings from Scandinavia and Siberia. These birds are winter visitors. 
Mark these on the map – UK summer visitors in red, winter visitors in blue.

The control of migration is thought to be mostly endogenous (from within the bird’s own body) although exogenous factors such as photoperiod (day length) may also play a part.

Navigation by migrating birds and animals can be by:-

· Following earth’s magnetic field

· Salmon locate the unique odour of the stream where they hatched

· Birds use a combination of celestial, geographic and climatic clues

Read “how do birds know when and where to migrate?” page 42, and the case study on page 43.  Answer the questions in the case study.

2. Taxes and kineses

These are movements in response to a stimulus.  They result in maintaining animals in a suitable environment, to increase their chances of survival.  

Taxis – is a directional movement in response to a directional stimulus. 

Euglena moves towards light- this is described as a positive phototaxis. 

Woodlice move directly away from bright light- negative phototaxis. 

Sperm moving towards an egg is a positive chemotaxis. 

Kinesis - is random movement in which the rate of movement is related to the intensity of the stimulus but not to its direction. 

Cabbage white caterpillars move more in the light than in the dark, but do not move away from or towards the light. 

Woodlice move about quickly in dry conditions but slow down and stop if their random movements bring them into an area of greater humidity. 

Jones and Jones – answer question 6 page 321 (not part c) and question 8 page 322

Examination questions page 45 – answer questions 1 and 3.

Jones and Jones references:

Temperature regulation page 331-332

Xerophytic adaptations page 240

C3 and C4 plants page 184-185

Taxes and kineses page 320-321

Agricultural Ecosystems


Module 6

Refer to pages 46-48

Revise monoculture from module 5.

Compared to a natural ecosystem, an agricultural one has:

· Been stopped at an early stage of succession

· Less species diversity

· Less genetic diversity

· Higher productivity

Revise productivity from module 5.  Remember:-

Net productivity = gross productivity – respiratory loss

(NPP = GPP – R)

What units could this be measured in?..............................................

Answer question 1 page 48 – you will need to write out the list of factors

Efficiency of energy conversion
Of all the sunlight reaching the earth’s surface each year, only about 0.1% is converted into biomass.  Why?  (remember energy flow – module 5)

Photosynthetic efficiency = 
amount of energy stored in carbohydrates





amount of light energy available to plant
This is usually about 8%  - see diagram page 49

What percentage of the solar energy reaching the leaf:-

· Is converted to carbohydrates?

· Would be available to a herbivore?

Leaf area index

This is a measure of the growth of a crop.  It is calculated as the total surface area of the leaves of plants in a given area divided by the area of ground covered by the plants. 

LA I = 
LA (leaf area)
x 100



GA (ground area)

In an area of dense vegetation, such as a forest, the LAI will be high.  A high LAI means high productivity as more of the light falling on an area will be hitting leaves.
Energy input

Use the information on pages 51-52 to fill in the following table 

	
	Extensive
	Intensive

	Area of land used
	
	

	Amount of fertiliser used
	
	

	Amount of money spent
	
	

	Amount of money made
	
	

	Productivity 
	
	

	Amount of pesticide used
	
	

	Amount of fossil fuels used
	
	

	Energy input
	
	


Why is organic farming becoming more popular?

…………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………

Crop rotation
This is the  practice of growing different crops in different years on the same land, in order to prevent the soil's nutrients from being exhausted and to reduce the risk of a build-up of diseases and pests specific to one crop.  The Romans developed the three-course rotation, which was in use in Europe from the Middle Ages until the 18th century.  A three-year cycle was followed on each of three fields, with an autumn-sown crop such as rye or winter wheat, a spring-sown crop such as oats or beans, and a year of lying fallow.  Two out of three fields were thus in cultivation every year.  The replacement of the fallow with a leguminous crop, such as clover, peas, beans, or lentils, boosts the fertility of the soil since leguminous plants are able to 'fix' atmospheric nitrogen, which enriches the soil when they die.
Leguminous plants
A swelling on the roots of certain plants, especially those of the family Fabaceae (Leguminosae), that contains bacteria (e.g. Rhizobium) capable of fixing atmospheric nitrogen into ammonia, which is subsequently converted to nitrates and amino acids. Plants that possess root nodules increase soil fertility by increasing the nitrate content of the soil. 

Fertilizers
Plants need nutrients as well as carbon dioxide and water for photosynthesis.  Plants also need to make proteins and nucleic acids.  In addition to the products of photosynthesis they need other nutrients to do this.  

Macronutrients are needed in relatively large quantities e.g. nitrogen to make amino acids
Micronutrients are needed in very small amounts.  If plants lack these nutrients when they are growing they show specific deficiency symptoms.
	Nutrient
	use
	deficiency symptoms

	nitrogen
	growth, production of proteins and nucleic acids
	stunted growth, brown older leaves

	phosphorus
	nucleic acids, ATP, enzyme cofactors, cell division
	poor root growth, dead yellow spots on leaves

	potassium
	enzyme activator and maintaining ion balances (ref. module 4 nervous system)
	poor growth, dehydration, small purple leaves


When plants are harvested the nutrients are removed with them.  In a natural ecosystem the plants would eventually die and decay, with the nutrients being returned to the soil.  Farmers need to use fertilisers containing these nutrients (NPK) to maintain productivity.  Farmers can use organic (natural) fertilisers or inorganic (artificial) fertilisers. 
	Inorganic
	Organic

	manufactured e.g. ammonium nitrate
	animal manure, sewage sludge

	has concentrated amounts of macronutrients
	may contain important micronutrients

	more easily leached from the soil
	adds organic matter which improves soil structure

	can be applied in smaller amounts as it is concentrated
	manure is a good way of recycling the manure produced on mixed farms

	easy to handle and spread on the fields
	smelly!


Increasing the amount of fertiliser increases yield, up to a point.
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This is known as the law of diminishing returns.  Answer questions 3, 4 and 5 page 53 onwards.
Fertiliser question

The table shows the effects of applying potassium fertiliser at different rates to spring wheat.  

	Application rate (kg ha-1)
	Grain yield

(t ha-1)
	Thousand grain weight (g)

	0
	2.24
	31.8

	300
	2.51
	32.4

	600
	3.84
	37.9

	900
	4.36
	38.3


1. Plot these figures as a graph

2. What percentage increase in grain yield is obtained by applying 300 kilograms of K fertiliser per hectare?

3. What do you think the term “thousand grain weight” means?

4. What relationship exists between the thousand grain weight and the rate of fertiliser application?

Give two advantages and two disadvantages of using organic fertilisers (compared to using inorganic ones)

…………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………

…………………………………………………………………………………………………………………………………………………………

Problems with fertilisers – refer to leaching and eutrophication module 5.

Answer question 6 page 56

Abiotic factors and productivity

Limiting factors of photosynthesis 
Effect of carbon dioxide concentration

Effect of light intensity

Effect of temperature

See page 187 – 188 Jones and Jones and answer question 6 page 189

Water

Lack of water does not directly affect the rate of photosynthesis.  But – plants will close stomata leading to a lack of ………………………

Glasshouses

With commercial crops grown intensively in glasshouses where environmental conditions are controlled, the limiting effects of abiotic factors can be reduced or removed.  This gives greater yields and allows crops to be grown out of season or in areas where they don’t normally grow.

· Temperature control – can be achieved by additional heating in winter, shading in summer and by controlled ventilation.

· Ventilation ensures an adequate supply of carbon dioxide and also controls atmospheric moisture levels.

· Water levels and humidity – humidity can be increased by sprays and mist.

· Carbon dioxide – attempts have been made to artificially increase carbon dioxide levels but this has proved expensive.

· Hydroponics – this is a method of growing plants in greenhouses with a continuous circulation of liquid culture moved around the plants by pumps. The nutrient content is monitored and adjusted to maintain optimum growth conditions.

In big industrial greenhouses all of these factors can be monitored and controlled by computer.

Chemical control of weeds and insects
Weed species compete with crops for light, space water and nutrients. 
Animal pests (e.g. rabbits or insects) directly destroy the crops by feeding on them. 
Aphids (greenfly) feed by inserting their mouthparts into the phloem and sucking out the contents. This can cause the leaves to curl over, reducing the surface area for photosynthesis to take place.
Parasites and disease can damage or destroy crops.
There are two main ways of classifying insecticides: 
CONTACT INSECTICIDES  These chemicals are applied in such a way that an insect cannot avoid contact. The insect is either sprayed directly or walks through deposited spray. 
SYSTEMIC INSECTICIDES  Sap feeding insects are the particular target for these chemicals. Sprayed material is absorbed by the plant, entering the circulatory system. When the insect pierces the leaf cuticle and penetrates the sap stream, it withdraws poisoned fluid. Thus an aphid feeding on protected crops will inevitably suck up some insecticide.

Broad spectrum insecticides kill all insects, specific ones only kill a particular species – so they are more useful and more expensive.

Problems with chemical pesticides
· Spraying aphids on wheat may also kill the predators that control other pests, or the bees that pollinate fruit trees.

· Pesticides may kill natural enemies of the pest species, such as predators and parasites, more effectively than they kill the pest.  Then once the pest is re-established it may become even more of a problem.

· Pest populations can become resistant to pesticide – how?

· Some pesticides are persistent, they do not break down in the environment or within the tissues of living organisms. This give rise to two potential problems.
Bioaccumulation is the accumulation of a substance in a biological tissue.  Organisms at any trophic level may be capable of bioaccumulation. 
Biomagnification is the increasing concentration of a substance up a food chain - i.e. from one trophic level to the next.  Animals at the higher trophic levels will be most affected.
Dichlorodiphenyltrichloroethane (DDT) was the first known contact insecticide, synthesized in 1874.  This organochlorine compound has saved more human lives than any other invention; by killing mosquitoes it has helped to eradicate malaria in many parts of the world.  Unfortunately, DDT persists in fatty tissues (bioaccumulation). Larger, long lived predators at the end of a food chain may accumulate a lethal quantity of DDT as a result of eating large numbers of smaller species (biomagnification).  DDT has particularly affected sparrowhawk populations as it causes the shells of their eggs to become thin and break.
Look at figure 14 page 63 for characteristics of the “ideal pesticide”

Herbicides

Non-selective herbicides kill all plants, so can only be used before a crop has been sown.

Selective herbicides can be used to kill only certain types of plants.

In the 1930s it was discovered that plants contained a growth hormone called IAA and other related substances called auxins.  In low concentrations these regulated plant growth, but at higher concentrations they are extremely toxic to plants.

2,4-D is a synthetic auxin that is highly toxic to dicotyledonous plants such as weeds, but does not affect monocotyledons such as cereal crops.

As before – contact herbicides only affect the part of the plant they are directly applied to.  Systemic herbicides are absorbed by the roots and transported in the phloem to all parts of the plant.

These herbicides are not persistent in the soil and are generally not harmful to animals.  However ecological damage occurs when herbicide sprays drift on to hedgerows and meadows, while the spraying of weeds on road and railway verges has reduced the population of wild flowers and the insects that depend on them.
Read Jones and Jones page 469 – 470 and answer question 3 page 470

Biological control

The aim of biological control is to reduce the pest population to below the Economic Injury Level (EIL):- That is where the costs of the control measures start to exceed those of the extra revenue.
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It is assumed that the pests normal population equilibrium size is greater than the EIL.  The introduction of a control measure depresses the mean population size below the EIL.  Biological control will not eliminate the pest completely.
Biological control organisms should preferably 
* reproduce rapidly 
* be specific to the pest 
* good searching capacity, so that it can keep the pest at low numbers
Examples of biological control organisms:-
Insect parasitoids 
These have the great advantage in their specificity to a particular host, which they lay their eggs in. The larvae eat the host from the inside once the eggs hatch.  The control of the white fly Trialeurodes vaporarium by the parasitic wasp Encarsia formosa in greenhouses.
Predators. e.g. Coccinellidae (ladybirds) 
Pathogens 
The best known example is the bacterium Bacillus thuringiensis. 
Weed feeders
Australia – prickly pear cactus introduced by gardener took over vast areas, cactus moth Cactoblastis introduced from Argentina – caterpillars fed on cactus and brought under control.

Advantages of biological control

· More specific – less damage

· Little possibility of pest developing resistance

· Use less often = save money

· No chemical residues

· Control organisms will increase in number and spread – only one application needed
Disadvantages of biological control

· Rarely eliminates pests as enemy will die – so either tolerate low population of pests or release enemy at intervals during season.

· Careful selection of organisms is needed (see cane toad below)

· Not always possible to find suitable control organism.  Research slow and expensive

· Method is slower

When things go wrong……

In 1935, the Central American cane toad Bufo marinus (20 cm long, weighs 2 kg) was introduced in Australia to protect sugar cane fields against a beetle pest.  Now, the toads are an ecological disaster.  They have spread 2000 miles and are spreading at 17 miles per year.  The toads feed on many native animals, from frogs to bees.  The toads are poisonous, so nothing will eat them.  Many native species are getting wiped out by this animal. 
Jones and Jones reference section 20.13 page 471

Task:  To research an example of biological control and produce a short report (1 side A4 max.), giving information to include:

· The organism being controlled – what is it, where is it found, why is it a problem?

· The biological control organism – what is it, how does it interact with the target, how has it been introduced, has this been successful?
Start from www.spolem.co.uk – go to a level ecology, then biological control

Integrated control

This is pest control which integrates biological and chemical controls.  Pesticides are used and necessary in a manner least disruptive to complementary biological control, with the objective of economically and ecologically acceptable management of pest populations.

Example – the control of peach-potato aphid Myzus persicae and red spider mite Tetranychus on glasshouse chrysanthemums.  Both were formerly controlled by organophosphate insecticides, which are relatively unselective and to which the aphid was developing resistance.  The spider mite is now controlled biologically with the predatory mite Phytoseiulus, and the aphid is controlled by a newly developed selective aphicide called pirimor.
Evaluate – effects of modern intensive farming, including fertilisers, herbicides, pesticides and biological control.

Examination questions page 66

Answer questions 3, 4, 5 and 6

Harvesting from a natural ecosystem

This section of the module is about fishing.

Part of a report from the WWF on the seas around the UK

	Fishing
• Whole communities and their

social and economic well-being rely

on the sustainable use of the sea

and its resources.

• Many fishing communities in the

UK are threatened. Poor management

of fisheries in European waters has

resulted in fishing communities

often facing difficult social and

economic changes.

• The health of our seas and oceans

is dependent on urgent action to

reduce human impacts. Lack of

political will has meant that fish

stocks and fishing livelihoods are

threatened.

• Competition for fishing grounds

led to the ‘cod wars’ between the

UK and Iceland; more recently

disagreements over the allocation

of fish have resulted in court action

between the UK and Spain.


	• As a result of fishing pressure, the

size at which herring spawn is now

one-tenth of what it was 50 years ago

– they’re breeding younger.

• Deep water fish, not previously

caught but now trawled to replace

overfished species, are of special

concern. With their slow growth and

low breeding rate they are highly

vulnerable to over-exploitation.

• In the last 100 years, oyster

populations have been seriously

depleted and commercial production

has declined a hundred-fold.

• Trawls used in fishing are causing

serious damage to the sea bed.
Cod is part of everyone’s favourite fish and chips supper – so it’s one of the most commercially important

fish species to be found in UK waters. But the UK’s cod stocks are on the verge of collapse. It is estimated that humans remove more than 70 per cent of the total cod produced annually in the North Sea. The problem is that ineffective management has failed to match
fishing effort.




What is over-fishing?
What problems can it cause?

What is the alternative to taking fish from the sea?

Sustainable fishing

Use page 69 to help you to give definitions of the following:

· Biomass of fish stock

· Recruitment

· Natural yield

· Maximum sustainable yield

Write and explain the equation to link these factors together.

Give two reasons why it is very difficult to ensure that only the maximum sustainable yield is taken from a fish population

……………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………………
Answer question 1 page 70.

Fishing techniques

Categories include:

· Hooking of individual fish (longliners)

· Tangling of fish in netting (drift nets)

· Active capture of fish in a net (trawl nets)

Demersal (deep-water) fishing is the pursuit of species which live close to the bottom (e.g. cod, plaice) and is mainly by trawl nets.

Pelagic (mid-water) fishing is for fish living at, or just below, the surface (e.g. herring, mackerel) and is mainly by drift nets.

Fill in the following table to summarise the different techniques used in fishing.

	Technique
	How is it done?
	Example of fish caught
	Advantage
	Disadvantage

	Trawling
	
	
	
	

	Long lining
	
	
	
	

	Drift netting
	
	
	
	


In 2000, video evidence linking fishing fleets to the unexplained deaths of dozens of

dolphins off Devon and Cornwall was obtained by government investigators. The videos

provide proof of the harm done by vast nets, the size of football stadiums, that are pulled

through the sea between two trawlers. These are believed to be responsible for the deaths

of more than 40 dolphins off the West Country in the winter of 1999.
Regulating fisheries

Fishing in the EU is regulated by the …………………………………………………………………………………… which was introduced in …………………………

Its main aim is to …………………………………………………………………………………………………………………………

The TAC is ………………………………………………………………………………………………………………………………………

A quota is …………………………………………………………………………………………………………………………………………

Countries argue about this because…………………………………………………………………………………………

If a quota is cut, this can cause problems because…………………………………………………………………

……………………………………………………………………………………………………………………………………………………………

Despite these regulations, fish stocks in EU waters have continued to decrease.  Why?

……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………

The cost/effort curve

Diagram of cost/effort curve

Note the following:

· Initially, catch increases steadily with increasing effort (underfishing), until

· A maximum is reached at the MSY

· Beyond the level of MSY, increased effort results in a declining catch (overfishing).  So fishermen can reduce their effort and increase their catch.

· Economic pressures may take a fishery beyond the optimum return

· Overfishing may make commercial exploitation unprofitable but rarely brings about the extinction of a fish stock.

There are two categories of overfishing:

· Growth overfishing – catches are poor because too many fish are caught before achieving optimum growth but recruitment is not noticeably affected.

· Recruitment overfishing – the stock collapses when insufficient recruits result from a reduced number of spawners.
Answer question 2 page 73.

Why have square mesh nets been made compulsory in some cases?

……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
Answer question 3 page 74

Give an advantage and a disadvantage to the reduction in fishing effort.

……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
What is an exclusion zone?

……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
What is a closed season?

……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
	Fishermen and conservationists share a common goal: healthy seas supporting abundant fish stocks. WWF is working with fishermen to

establish fish stock regeneration areas around the UK as part of its Oceans Recovery Campaign (ORCA). A Fishing-Free Zone is an

area closed to fishing. If fish are left undisturbed, they regenerate themselves quickly and efficiently. Fishing-Free Zones will give fish a fighting chance to recover, and the

good news is that they are relatively easy to enforce. By using satellite tracking, for example, we can throw a virtual ‘fence’ around any area.
	Already fishermen in south-west

England, supported by WWF, are

promoting a Fishing-Free Zone

scheme – but government support is

needed to enable the fishing industry

to go further. Fishing-Free Zones

are already a success in Canada,

New Zealand and elsewhere.




Fish farming

This is known as aquaculture.  Answer question 4 page 76 

Give four benefits of fish farming

……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………
Intensive system – Atlantic salmon Salmo salar rearing in UK
[image: image4.wmf]Brood stock

Indoors

Outdoors

HARVESTING

Selection of 

brood stock

Freshwater

Sea

Control of water 

supply disease 

control

Intensive feeding 

and husbandry

Eggs fertilized and 

incubated

Alevins reared, 1 or 

2 years

Smolts transferred 

to sea cages (1 or 2 

years)


Extensive system – Milkfish (Chanos sp.) in Philippines
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Fill in the following to show the difference between open and closed systems

	
	Open
	Closed

	Also called……
	
	

	Example of fish
	
	

	How food is provided
	
	

	Food and labour costs
	
	

	Density of fish
	
	

	Chemicals added?
	
	

	Breeding
	
	


Read the case study on page 69 – summarise the effects on wild salmon populations and other species.  Answer the question.

Exam questions starting on page 80 – answer all of these!

For more information on this topic go to www.spolem.co.uk, then click on A level ecology, then fishing.  The Guardian site is a particularly good source of up to date articles.
Conservation

What is conservation?

What is biodiversity?

Why is conservation important?

Read the introduction pages 82-84, and page 472 Jones and Jones

There are five different types of conservation that you need to know about, and you should be able to describe one example of each.

Species conservation

Saving a particular species from extinction.

	A 1996 study by WWF India reported that there were only about 1500 greater one horned rhinoceros (Rhinoceros unicornis) left in the wild.  Hunting has been banned since 1910 which allowed the populations to increase but poaching in the 1980s and 1990s has endangered the species.  Demand for rhinoceros horn in Asian traditional medicines is a continued threat.  These are horns taken from poachers in Kenya, Africa, where rhinoceros species are similarly endangered.


Organisms become endangered for a number of reasons:

1. Natural selection.

2. Habitat destruction e.g. deforestation, removal of hedgerows.

3. Competition, especially from species introduced by man.

4. Hunting and collecting by man, e.g. whales, elephants and rhinoceros are hunted.

5. Destroyed by man as a health risk e.g. badgers are destroyed by farmers because they are carriers of cattle tuberculosis.

6. Pollution.

Methods to protect endangered species include:

1. Legal protection for endangered species, eg the 1989 ban on sale of elephant ivory.  In 1973 the CITES agreement banned commercial trade in endangered species.

2. Commercial farming – eg breeding of mink may remove the necessity to kill these animals in the wild.

3. Captive breeding by zoos and reintroduction to the wild.  Genetic diversity is maintained by encouraging outbreeding.

4. Removal of animals from threatened areas eg. flood areas.

Answer question 1 page 85.  Choose one of the case studies on pages 86 and 87.  Condense the information into three or four lines, and then answer the questions.
Nature conservation

Maintaining a variety of habitats in a particular area.  For example:-

1. Development of national parks and nature reserves.  Only 1% of the earth’s surface has been set aside in this way.

2. Planned land use eg. green belts, areas of outstanding natural beauty, sites of special scientific interest.

SSSIs

These may contain unusual habitats, have high biodiversity, or interesting geological formations.  They are designated by English Nature, Scottish Natural Heritage or the Countryside Council for Wales.

Read the case study on page 89.  Condense the information into three or four lines, then answer the question.

Also read the case study on pages 473-474 Jones and Jones

Guidelines for setting up a nature reserve:-

	Good
	Less good
	Why?

	Compact shape


	High edge-to-area ratio
	

	Linked reserves


	Unlinked reserves
	

	Surrounding area of same ecosystems


	Surrounding area of different ecosystems
	

	Large


	Small
	


The management of SSSIs and nature reserves usually involves more than just fencing them off and leaving them alone – why?

Biological conservation

Maintaining species diversity (biodiversity) within a habitat.

1. Ecological study of threatened habitats to inform their management.

2. Control of introduced species.

3. Biodiversity action plans – from the Rio Earth Summit in 1992

From a government document on biodiversity


	The overall goal of the UK Action Plan is:-

'To conserve and enhance biological diversity within the UK and to contribute to the conservation of global biodiversity through all appropriate mechanisms'.

The objectives for conserving biodiversity which underpin this goal are to conserve and, where

practicable, to enhance:-

· the overall populations and natural ranges of native species and the quality and range of wildlife habitats and ecosystems;

· internationally important and threatened species, habitats and ecosystems; 

· species, habitats and natural and managed ecosystems that are characteristic of local areas; 

· the biodiversity of natural and semi-natural habitats where this has been diminished over recent decades.


Read page 90 – make sure you know what a BAP is, and what an NNR is.

Six reasons why maintaining biodiversity is important

1. Moral reasons

2. Aesthetic reasons

3. Importance of individual species in maintaining the ecosystem

4. Benefit to people – fisheries, tourism, industry, medicines, agriculture, forestry

5. Maintaining evolutionary processes

6. Insurance – we do not know which species will be useful in the future

Read the case study on page 91.  Condense the information into three or four lines, then answer the questions.

Also read the case study on page 467-468 Jones and Jones

Environmental conservation

Maintaining the abiotic factors in an ecosystem

Fill in the table to summarise the abiotic factors which are important in maintaining biodiversity in rivers.

	Abiotic factor
	Importance

	Water pH


	

	Oxygen content


	

	Flow rate


	

	River bed composition
	

	Pollutants


	

	Clarity


	

	Temperature


	


Answer question 3 page 93.

Give four ways in which humans have had an effect on rivers

……………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………………………

Read the case study on page 95 – condense into 3 or 4 lines, then answer the question.

Global conservation

Developing international cooperation in worldwide projects such as maintaining the composition of the atmosphere and tackling problems such as:-

· Acid rain

· Damage to ozone levels

· Release of greenhouse gases

Global warming

	1. Explain the difference between the greenhouse effect and global warming.

2. Answer question 4 page 97.

3. What effects could global warming have?

4. What attempts have the international community made to decrease CO2 emissions?

5. What problems have they come up against?




From Defra (government organisation) information on climate change

	Climate change has potential risks for the UK. Most critical of these risks is the frequency and changes in extreme climatic conditions such as hot spells, drought and storms. It is likely that the occurrence of hot, dry summers will increase, while the chance of extreme cold winters will decrease. Average temperature is expected to increase by between 0.9 and 2.4oC by 2050, whilst precipitation is expected to increase in most areas, particularly in winter and in the northwest of Britain. At this stage in the scientific understanding of the effects of climate change, it is difficult to speculate on the effect of climate

change for other extremes such as the occurrence of storms.

The Framework Convention on Climate Change (Rio Earth summit 1992)

…..achieve stabilisation of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous interference with the climate system. Such a level should be achieved within a time frame sufficient to allow ecosystems to adapt naturally to climate change, to ensure that food production is not threatened and to enable economic development to proceed in a sustainable manner.  




From a FOE report on the progress made since the 1992 Rio Earth Summit

	Climate facts

Wind and solar renewable energy grew enormously between 1992 and 2002, although 90 per cent of the

world’s commercial energy still comes from fossil fuels.

Global emissions of carbon, the key greenhouse gas, grew by more than nine per cent over the decade

while US emissions rose by 18 per cent between 1990 and 2000.

Nine of the 10 warmest years on record have occurred since 1990

What was agreed at the 1992 Rio Earth Summit?

In 1992, governments signed the UN Framework Convention on Climate Change (UNFCCC), agreeing to

take action to prevent dangerous climate change.

What has happened since then?

In 1992, rich countries agreed to stabilise emissions at 1990 levels by 2000 and mobilise resources to help

poorer countries - few did. The Kyoto Protocol was negotiated in 1997 to provide legally enforceable

emissions reduction targets (to reduce greenhouse gas emissions by around 5% by 2012) but agreement on rules for its implementation were only concluded at the end of last year. The Kyoto Protocol is only a first step and has been significantly weakened since 1997. The world's biggest polluter, the United States, is still outside the agreement so it is expected that the Protocol will enter into force without the US this year. (see figure 5 page 97)


Climate change could also have an effect on the following – suggest how?

	· Soils

· Biodiversity

· Coastal regions
	· Human health

· Forests

· Water supplies


Read Jones and Jones section 20.2 starting on page 448
CFCs and the ozone layer

Ozone is a form of oxygen that contains three atoms of oxygen combined together.  It occurs naturally in the atmosphere at a level of 15-40 km above the Earth’s surface (high-level ozone).

CFCs are broken down by UV light to release chlorine radicals (Cl•) which break down ozone molecules

O3 + Cl•

ClO + O2

ClO + O

Cl• + O2

1. Why is the ozone layer so important?

2. Answer question 5 page 98.

3. How were CFCs damaging the ozone layer?

4. What did the international community do about this?

Read Jones and Jones section 20.3 starting on page 451

Exam questions on page 99 – answer both of these!
