Unit 4 Populations and environment


4. Energy transfer in biological communities
· Photosynthesis is the main route by which energy enters an ecosystem.

· Energy is transferred through the trophic levels in food chains and food webs and is

dissipated.

· Quantitative consideration of the efficiency of energy transfer between trophic levels.

· Pyramids of numbers, biomass and energy and their relationship to their corresponding 

food chains and webs.

Food Chains and food webs

Neither respiration or photosynthesis are efficient at transferring energy.

In respiration and photosynthesis, energy is lost as heat energy

In photosynthesis, light energy is not used because it is the wrong wavelength, is reflected from a plant’s surface, or falls on parts of the plant that lack chloroplasts.

In biological communities, populations obtain their energy in different ways:

What is a producer?  ______________________________________________________________________________________________________________________________________________________
Energy is transferred through the living organisms in an ecosystem when organisms eat other organisms.  Many protoctists, bacteria (prokaryotes), all fungi and animals are consumers

What are primary consumers?  ___________________________________
What are secondary consumers and tertiary consumers? ______________________________________________________________________________________________________________________________________________________
Eventually all living material dies and is broken down.  What group of organisms are involved in this process?  _____________________________________________________________
Why are they so important?  ___________________________________________________________________________
The feeding patterns of each population is called its trophic level and includes producers, primary consumer, secondary consumers and decomposers. 
A food chain shows individual populations from each trophic level
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Food webs are many food chains that are linked together within a habitat.  

Name the producers in this food web
_____________________________________________________________

Write one food chain that consists of 4 trophic levels

Which organisms are secondary consumers

___________________________________________________________________________Energy transfer between trophic levels

The Sun is the source of energy for ecosystems.  Not all the energy from sunlight or food that is available to the organisms in a trophic level is transferred to the next trophic level.  Around 90% of total available energy is lost in various ways.  Plants convert between 1 – 3% of the Sun’s energy available to them into organic matter.  
What happens to the remaining sun’s energy? 
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
The total quantity of energy that plants convert to organic matter is called the ____________
As plants use some of this energy in respiration not all the energy gained is stored.  The amount of energy that is stored is called the _________________________  So

Net Production = 

As energy is transferred through the food chain the amount of energy transferred decreases.  Only about 10% of plant food is used by primary consumers for growth, with secondary and tertiary consumers transferring about 20% of available energy.  Why does not all the energy pass through the food chain?
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Why are there usually less than five trophic levels in a food chain?

______________________________________________________________________________________________________________________________________________________
Copy Fig 1 page 68

Calculating the efficiency of energy transfer

How can the efficiency of energy transfer be calculated?

Complete Q 1 to 5 Page 69 application

 Ecological pyramids
Food webs describe the feeding relationships that exist in a community but give no information on the numbers or quantities involved or their mass or energy involved.  In general as you go up a food chain the size of the individual’s increases and the number of individual’s decreases. These sorts of observations can be displayed in ecological pyramids, which are used to quantify food chains. There are three kinds: 

1.
Pyramids of Numbers.  
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These show the numbers of organisms at each trophic level in a food chain. The width of the bars represent the numbers. The numbers should be normalised for a given area.  Pyramids of numbers are most often triangular (or pyramid) shaped, but can be almost any shape. In the pyramids below, A shows a typical pyramid of numbers for carnivores; B shows the effect of a single large producer such as a tree; and C shows a typical parasite food chain. 

Draw pyramids of numbers for the following food chains
1)  200 leaves  →100 caterpillars →  5 thrushes → 1 kestrel

2)  20 waterweeds  →  200 insect larvae  →  5 small fish  →  1 otter

3)  5 cabbages  →  100 caterpillars  →  5 thrushes  →  500 fleas

Problems with pyramids of numbers

· Major problem is that they do not take into account the relative mass of organisms at each trophic level e.g.. oak tree and grass plant each are 1 organisms but an oak tree will support more herbivores than grass – this can then result in an odd shaped pyramid.

To overcome this problem a pyramid of biomass (mass of living material) at each trophic level can be measured and plotted.

2 Pyramids of biomass

The biomass should be dry mass (since water stores no energy) and is measured in kg m-2.(kg/m2) The biomass may be found by drying and weighing the organisms at each trophic level, or by counting them and multiplying by an average individual mass. Pyramids of biomass are always pyramid shaped, since if a trophic level gains all its mass from the level below, then it cannot have more mass than that level (you cannot weigh more than you eat). The "missing" mass, which is not eaten by consumers, becomes detritus and is decomposed. 
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Using the food chains from the previous example draw pyramids of biomass using the following information to calculate 

Leaf = 5g    caterpillar = 4g   thrush = 70g   kestrel = 250g    waterweed = 250g   
insect larva  = 10g   small fish  =  300g   otter = 1kg   cabbage = 300g   flea = 0.04g

Problems with pyramids of biomass
· Does not give any indication of its productivity or consumption rate (the rate at which organic matter is produced or consumed)
· Does not give any information on the amount of energy available at each trophic level because different tissues contain different amounts of energy.

The biomass which an animal eats is a source of energy, but not all of the energy can be used.  Firstly, herbivores cannot digest all of the plant material they eat.  The material they can’t digest is passed out of the body as faeces.
The meat which carnivores eat is easier to digest than plants but not all the material of an organism can be eater e.g. hooves, claws, bones and teeth, so some of the biomass that they eat is lost in faeces.  

Part of the biomass eaten by an animal is used for respiration in its cells. This supplies all the energy needs for the living processes that take place, e.g. movement and heat is often a waste product of many activities 
When is a pyramid of biomass not the typical pyramid shape?

Occasionally a pyramid of biomass can be inverted. This can happen with aquatic ecosystems when growth is rapid and seasonal, so the shape of the pyramid of biomass depends on the season when the measurements were taken. For example:
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If the average biomass over a whole year was measured, the pyramid biomass would be a normal shape.

A  Pyramid of energy is the most accurate way to represent feeding relationships.  It shows the amount of energy transferred from one trophic level to the next, per unit area per unit time.  This information is obtained by a calorimeter where the organism is burned and the energy released is measured.  

3.
Pyramids of Energy  

Pyramids of energy show how much energy flows into each trophic level in a given time, so the units are usually something like kJ m-2 y-1.(__________________) Pyramids of energy are always pyramidal (energy cannot be created), and always very shallow, since the transfer of energy from one trophic level to the next is very inefficient The “missing” energy, which is not passed on to the next level, is lost eventually as heat. 
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The pyramid of energy for a food chain is shown above.
The respiratory loss of the artic hare is 4165 KJm-2yr-1

Calculate the gross productivity of the Artic hare – show your working out

Explain why the gross productivity of the Artic hare is less than the net productivity of the grass

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Calculate the percentage efficiency of energy transfer from the Artic fox to the polar bear.

Natural Ecosystems vs. Agricultural ecosystems
What is an agricultural ecosystem?

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
To increase the net productivity in farming practices need to increase the efficiency of energy conversion.  

Energy input

In a natural ecosystem the only source of energy is the Sun.  To prevent the climax community (usually trees) being established an agricultural community must exclude these species and only grow the species they want.  This removal or suppression of unwanted species requires addition energy input. How?
_________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Where does this energy come from?

1. ______________________________________________________________________________________________________________________________________________
2. ______________________________________________________________________________________________________________________________________________
To increase the productivity in an agricultural ecosystem the limiting factors on its growth must be excluded.  This means that there is less competition for light, water, space carbon dioxide etc and more energy is available for growth.

· If the efficiency of energy conversion is increased then there is increased productivity

· More energy put into the ecosystem then there is more energy for growth

To help increase productivity the following may be used to help remove or restrict the competition of other organisms.
1. The use of natural and artificial fertilisers

2. The use of chemical pesticides, biological agents and integrated systems in controlling pests on agricultural crops

3. Intensive rearing of domestic livestock

1.  The use of natural and artificial fertilisers
Fertilisers are chemicals that provide the crops with minerals needed for growth.  The minerals that are removed from the soil by the plants are returned to the soil when the dead plants are broken down by decomposers.  

However, in intensive farming the crops are harvested and transported from the field to other places and the waste products from animals (urine, faeces and dead remains) are not returned to the same area of land. We can illustrate this for nitrogen:
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This results in the mineral content of the land decreasing and becoming the limiting factor for plant growth.  To increase the mineral content and therefore the productivity fertilisers are added.  

There are two types of fertilisers 

Natural ____________________________________________________________________
___________________________________________________________________________
Artificial ____________________________________________________________________

___________________________________________________________________________
Complete application page 99
Problems of using fertilisers

1. Environmental concern

What are nitrogen fertilsers needed for?

______________________________________________________________________________________________________________________________________________________
What are the three problems of using nitrogen fertilisers (use page 100)

1.. ________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2. ________________________________

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3. ______________________________________________

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
2.  The use of chemical pesticides, biological agents and integrated systems in controlling pests on agricultural crops

To farmers, a pest is any organism (animal, plant or microbe) that damages their crops.

Pests are organisms that reduce the productivity of crops by reducing the amount of energy available for growth.  Weeds compete with crop plants for water, mineral ions, carbon dioxide, space and light.  Any amount of these taken by the pest means that less is available for the crop  plant so reduce the rate of photosynthesis and productivity.  Insect pests may damage the leaves of the crops so again reducing productivity or may eat the crops themselves.  As many crops are grown in monocultures insect and fungal pests can spread rapidly and reduce productivity.  

The aim of pest control is to limit the effect of pests on productivity to a commercially acceptable level.  i.e. the cost of pest control with the benefits it brings.   
An effective pesticide must be:

1. _____________________________________________________________________
2. _____________________________________________________________________
3. _____________________________________________________________________
4. _____________________________________________________________________
Biological controls
What is a biological control?

______________________________________________________________________________________________________________________________________________________

Pests can be controlled using other living organisms to keep the pest numbers down – biological pest control. The organisms can be predators, parasites or pathogens, and

the aim is to reduce the pest population to a level where they don’t do much harm – the economic threshold. A new equilibrium should be reached where the pest and predator numbers are both kept low.
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Biological pest control works particularly well when the pest has been introduced to the ecosystem and has no natural predators. 
An example is the cottony cushion scale insect, which was accidentally introduced to California from Australia in the late nineteenth century. In California it multiplied out of control and destroyed large numbers of citrus trees, a major Californian crop. So the ladybird beetle, one of the scale insect natural predators, was also introduced from Australia, and quickly reduced the numbers of scale insects to a safe level. Today both species coexist in California, but at low population densities.

The control species has to be chosen carefully, to ensure that it

• attacks the pest only and not other native species

• will not itself become a pest due to lack of predators or parasites

• can survive in the new environment

• does not carry disease

Comparison of Biological and chemical control of microorganisms  (copy Table 1 Page 77)
	Biological control
	Chemical Control

	
	

	
	

	
	


Integrated Pest Management

Modern intensive farming recognises the environmental dangers of the use of pesticides, so is adopting Integrated Pest Management (IPM). IPM attempts to bring together all forms of pest management to benefit from the best of each. The aim is to reduce the effect of pesticides on the environment but without compromising the goal of maximising crop yield. 

Summarise the main stages involved in integrated control:

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

3.  Intensive rearing of domestic livestock
Intensive farming is aimed to produce the maximum yield of meat, eggs and milk at the lowest possible cost.  

As energy is lost through the food chain intensive farming aims to reduce the amount of energy that is lost.  This ensures that more energy is available to be converted into biomass and improves the yield of the product.

How does this happen?

1_______________________________________________________________________________________________________________________________________________2_______________________________________________________________________________________________________________________________________________3_______________________________________________________________________________________________________________________________________________4_______________________________________________________________________________________________________________________________________________

Others methods include selective breeding – choosing the breed that will be more efficient at converting food into body mass  and using hormones to increase growth rate.

Intensive farming does raise ethical and environmental concerns.  Describe how?

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
Exam Questions

1.  The herring is a fish found in the North Sea. In the food chain below, the figures represent biomass. The units are gm–3.
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(a) Sketch and label a pyramid of biomass to represent this food chain.

(1 mark)

(b) In this food chain, the phytoplankton reproduce very rapidly. Suggest why this rapid rate of reproduction is essential to sustain the food chain.

.................................................................................................................................................................................................................................................................................................................. ......................................................................................................................................................... .........................................................................................................................................................
 (2 marks)

(c) Phytoplankton are mainly unicellular Protoctista. Give two structural features you would expect to find in phytoplankton cells.

Feature 1 ........................................................................................................................................................

.........................................................................................................................................................
Feature 2 .........................................................................................................................................................

.........................................................................................................................................................
(2 marks) 0105

2  The diagram shows the transfer of energy through producers in an aquatic ecosystem.The figures are in  [image: image7.png]kJ m™ year





(a) What is an ecosystem?

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

 (1 mark)

(b) The percentage of the light energy trapped by the producers is very low. Give tworeasons why. 







(2 marks
1 ......................................................................................................................................................
.........................................................................................................................................................
2………………….......................................................................................................................................................................................................................................................................................

 (c) The biomass of primary consumers is less than the biomass of producers. Explain why. (2 marks)   0107

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

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

......................................................................................................................................................... .........................................................................................................................................................
4  Tigers inhabit forests where they feed mainly on large prey animals. Over the past fifty years, there has been extensive deforestation in many areas where tigers are found.

(a) The graph shows the relationship between the prey biomass of an area and the tiger

population that the area can support.

(i) What is meant by the ecological term population?

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

 (1 mark)

(ii) Use the graph to explain how deforestation might cause a reduction in the number of tigers in an area.

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

 (3 marks)

(b) Tigers and wolves belong to the same order, although they belong to different families. Name three other levels of classification that are shared by tigers and wolves.

1 ........................................ 2 ....................................... 3 ........................................

(1 mark)   0106
5  Scientists constructed a mathematical model. They used this model to estimate the

transfer of energy through consumers in a natural grassland ecosystem. The table

shows their results.
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 (a) Complete the equation to show how net production is calculated from the energy in

ingested food.

                    P =

(1 mark)

b) Describe and explain how intensive rearing of domestic livestock would affect

 (b) (i) the figure for A in the first row of the table

___________________________________________________________________________ ___________________________________________________________________________ (1 mark)

(b) (ii) the figure for R in the first row of the table.

___________________________________________________________________________ ___________________________________________________________________________ (1 mark)

4 (c) (i) Calculate the ratio of R : A for mammalian primary consumers.

___________________________________________________________________________ (1 mark)

(c) (ii) The R : A ratio is higher in mammalian primary consumers than in insect primary

consumers. Suggest a reason for this higher value.
______________________________________________________________________________________________________________________________________________________
(1 mark)
(d) The scientists tested their model by comparing the values it predicted with actual

measured values. The graph shows their results.
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 Are the values predicted by the model supported by the actual measured values?

Evaluate the evidence in the graph.

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
(3 marks)June 2010

Polar Bear  11 KJm-2yr-1





Artic Fox – 137  KJm-2yr-1





Artic Hare – 1245 KJm-2yr-1





Grass – 13 883KJm-2yr-1





(Nitrogen Cycle in next booklet)
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