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How to use this revision guide


Welcome to the Environmental Systems and Societies (ESS) for the IB Diploma Revision Guide. This book will help you plan your revision and work through it in a methodological way. It follows the ESS syllabus topic by topic, with revision and practice questions at the end of each section to help you check your understanding.


Features to help you succeed


You can keep track of your revision by ticking off each topic heading in the book. There is also a checklist at the end of the book. Use this checklist to record progress as you revise. Tick each box when you have:





•  revised and understood a topic



•  tested yourself using the Quick check questions




•  used the Exam practice questions and checked your answers.





Use this book as the cornerstone of your revision. Don’t hesitate to write in it and personalise your notes. Use a highlighter to identify areas that need further work. You may find it helpful to add your own notes as you work through each topic. Good luck!
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Expert tips


These tips give advice that will help you boost your final grade.
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Common mistakes


These identify typical mistakes that students make and explain how you can avoid them.
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Key word definitions


Definitions are provided on the pages where the essential key terms appear. These key words are those that you can be expected to define in exams. A glossary of other essential terms, highlighted throughout the text, is given at the end of the book.
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CASE STUDIES


Parts of the syllabus require you to use case studies. Examples are given in the relevant sections of the book.
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Worked examples


Some parts of the course require you to carry out mathematical calculations, plot graphs, and so on. These examples show you how.
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QUICK CHECK QUESTIONS


Use these questions to make sure that you have understood a topic. They are short, knowledge-based questions that use information directly from the text.
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EXAM PRACTICE


Practice exam questions are provided at the end of each section. Use them to support your revision and practise your exam skills.
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Getting to know Paper 1 and Paper 2


At the end of your ESS course you will sit two papers – Paper 1 and Paper 2. Paper 1 is worth 30% of the final marks and Paper 2, 50% of the final marks. The other assessed part of the course (20%) is made up of the Internal Assessment (practical work), which is marked by your teacher.


There are no options in ESS and therefore all topics need to be thoroughly revised for both papers. Here is some general advice for the exams:





•  Make sure you have learned the command terms (e.g. evaluate, explain, outline). There is a tendency to focus on the content in a question rather than the command term, but if you do not address what the command term is asking of you then you will not be awarded marks. (Command terms are covered on pages ix–xiii.)



•  Answer all questions and do not leave gaps.



•  Do not write outside the answer boxes provided – if you do so this work will not be marked.



•  If you run out of room on the page, use continuation sheets and indicate clearly that you have done this on the cover sheet. (The fact that the question continues on another sheet of paper needs to be clearly indicated in the text box provided.)



•  Plan your time carefully before the exams – this is especially important for Paper 2 (see below).





Paper 1


Paper 1 (1 hour) contains short-answer and data-based questions. The total number of marks for this paper is 45, with questions covering the whole breadth of the syllabus.





•  There are usually several marks for definitions, so make sure you have learned the key word definitions in this book.



•  As the paper is only out of 45 marks, the questions cannot cover all aspects of the syllabus. It is therefore essential that you thoroughly revise the whole syllabus so that you can tackle any questions that come up.



•  The size of the boxes provided gives an indication of the length of answer expected – make sure your answers are concise.



•  Look carefully at the number of marks awarded for each question – for example, if 2 marks are awarded the examiner is looking for two different points.





Paper 2


Paper 2 (2 hours) is in two sections: Section A is based on a resource booklet and is worth a total of 25 marks; in Section B you must answer two essay questions from a choice of four. Twenty marks are available per essay, making a total of 40 marks for the essay section. Total marks for the paper are therefore 65.


In the resource booklet you will be given a range of data in various forms (e.g. maps, photos, diagrams, graphs and tables) relating to a specific case study. Questions will test your knowledge of the syllabus and your ability to apply this to the new case study. You are required to answer a series of questions, which can involve a variety of command terms, by analysing these data.





•  Do not spend too much time on one of the two sections.



•  Plan your time carefully (do this before the exam).



•  By practising past papers you will be able to work out how much time you need to take. This will vary from student to student, but here is some general advice:







    •  You should be looking to spend less time on Section A (the resource booklet questions) than on Section B (the two essays).


    •  Aim to spend about 45 minutes on Section A.


    •  The essays need to be thought about carefully and planned – aim to spend a minimum of 35 minutes per essay but to move on if you are still on the first one after 40 minutes.


    •  If English is not your first language then you may need to spend more time on the resource booklet.








•  Choose your essays carefully. Look at all sections of an essay before making your choices.



•  Some students write pages on sections worth only a few marks, and then run out of time later on. Look carefully at the number of marks available for each question and adjust the amount of time you spend on that question accordingly. Writing a plan for your essays will help you.



•  There are usually several sections in an essay question – make sure you answer all parts.



•  Case studies will help you answer Paper 2 essay questions – make sure you have learned these from the course (examples are given in this book). You should use your own case studies to answer the essay questions rather than taking ideas from the resource booklet case study.



•  Essays should be subdivided into sections, not written as one long paragraph – examiners like this as it makes the paper easier to read and mark.



•  Leave at least one line between sections of an essay for clarity, and note on your scripts if a continuation sheet has been used.





Assessment objectives


To successfully complete the course, you need to have achieved the following objectives:




1   Demonstrate an understanding of information, terminology, concepts, methodologies and skills with regard to environmental issues.


2   Apply and use information, terminology, concepts, methodologies and skills with regard to environmental issues.


3   Synthesise, analyse and evaluate research questions, hypotheses, methods and scientific explanations with regard to environmental issues.


4   Using a holistic approach, make reasoned and balanced judgements using appropriate economic, historical, cultural, socio-political and scientific sources.


5   Articulate and justify a personal viewpoint on environmental issues with reasoned argument, while appreciating alternative viewpoints, including the perceptions of different cultures.


6   Demonstrate the personal skills of cooperation and responsibility appropriate for effective investigation and problem solving.


7   Select and demonstrate the appropriate practical and research skills necessary to carry out investigations with due regard to precision.





These assessment objectives are examined in the following way:






	Assessment objectives

	Which component addresses this assessment objective?

	How is the assessment objective addressed?






	1–3

	Paper 1

	Short-answer and data-based questions






	1–5

	Paper 2

	Section A: case study

Section B: two structured essays (from a choice of four)






	1–7

	Internal Assessment: practical work

	–







Command terms


Command terms indicate the depth of treatment required for a given assessment statement. Objectives 1 and 2 address simpler skills; objectives 3, 4 and 5 relate to higher-order skills.


It is essential that you are familiar with these terms, for Papers 1 and 2, so that you are able to recognise the type and depth of response you are expected to provide.


The tables on the following pages show examples of all of the command terms, with questions taken from the current syllabus. Where no date is given, the command term has not been used so far in the new ESS syllabus.


Objective 1


Demonstrate an understanding of information, terminology, concepts, methodologies and skills with regard to environmental issues.
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Objective 2


Apply and use information, terminology, concepts, methodologies and skills with regard to environmental issues.
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Objectives 3, 4 and 5


Synthesise, analyse and evaluate research questions, hypotheses, methods and scientific explanations with regard to environmental issues.


Using a holistic approach, make reasoned and balanced judgements using appropriate economic, historical, cultural, socio-political and scientific sources.


Articulate and justify a personal viewpoint on environmental issues with reasoned argument while appreciating alternative viewpoints, including the perceptions of different cultures.
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Countdown to the exams
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4–8 weeks to go





• Start by looking at the syllabus and make sure you know exactly what you need to revise.



• Look carefully at the checklist in this book and use it to help organise your class notes and to make sure you have covered everything.



• Work out a realistic revision plan that breaks down the material you need to revise into manageable pieces. Each session should be around 25–40 minutes with breaks in between. The plan should include time for relaxation.



• Read through the relevant sections of this book and refer to the expert tips, common mistakes, key definitions, case studies and worked examples.



• Tick off the topics that you feel confident about, and highlight the ones that need further work.



• Look at past papers. They are one of the best ways to check knowledge and practise exam skills. They will also help you identify areas that need further work.



• Try different revision methods, for example summary notes, mind maps and flash cards.



• Test your understanding of each topic by working through the Quick check and Exam practice questions at the end of each section.



• Make notes of any problem areas as you revise, and ask a teacher to go over them in class.
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1 week to go





• Aim to fit in at least one more timed practice of entire past papers, comparing your work closely with the mark scheme.



• Examine the checklist carefully to make sure you haven’t missed any of the topics.



• Tackle any final problems by getting help from your teacher or talking them over with a friend.
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THE DAY BEFORE THE EXAMINATION





• Look through this book one final time. Look carefully through the information about Paper 1 and Paper 2 to remind yourself what to expect in both papers.



• Check the time and place of the exams.



• Make sure you have all the equipment you need (e.g. extra pens, a watch, tissues). Make sure you have a calculator – this is needed in both papers.



• Allow some time to relax and have an early night so you are refreshed and ready for the exams.
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Topic 1 Systems and models


Systems


Concept and characteristics of systems





• A system can be divided into parts, or components, which can each be studied separately: this is called a ‘reductionist’ approach.



• A system can also be studied as a whole, and patterns and processes described for the whole system: this is called a ‘holistic’ approach.



• The course focuses on ecosystems, but the systems approach can equally be applied to economic, social and value systems.



• The systems approach is shown in Figure 1.1.
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Systems can be shown as diagrams where they can be divided into storages and flows (Figure 1.2).
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• Storages are represented by boxes.



• Flows are represented by arrows.



• Arrows represent inputs and outputs from the system.





An example is shown in Figure 1.3.
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Key word definition


A system is an assemblage of parts and the relationships between them, which together constitute an entity or whole.
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Common mistake


If you are asked to construct a diagram of a system, do not draw a picture. This reduces the time available for completing the question. You are expected to draw diagrams with boxes and arrows, representing storages and flows.
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Expert tip


Draw bold, clear, well-labelled diagrams.
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Transfer and transformation processes


Inputs into and outputs from systems can be transfer or transformation processes.





• Transfers are processes that involve a change in location within the system but no change in state, for example water flowing from groundwater into a river.



• Transformations lead to the formation of new products (e.g. photosynthesis, which converts sunlight energy, carbon dioxide and water into glucose and oxygen) or involve a change in state (e.g. water evaporating from a leaf into the atmosphere).





Storages and flows can be drawn in proportion (i.e. to scale). This quantitative way of showing information about the system gives extra information and adds value to models (Figure 1.4).
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Common mistake


Do not confuse transfers with transformations. Transfers only involve a change in location, whereas transformations involve a change in state or new products.
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Expert tip


When drawing a diagram, include processes on the input and output arrows to show the transfers (blue arrows in Figure 1.4) and transformations (red arrows in Figure 1.4) taking place.


If a question gives data on the size of the flows or storages, you are expected to show these on diagrams either by drawing boxes and arrows proportionally, or by including numbers.
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The systems concept on a range of scales


Systems can range in size from small (e.g. a cell) to large (e.g. a rainforest). The Earth itself can be seen as a global ecosystem.


Daisyworld


The Daisyworld model was developed by James Lovelock to show how the Gaia hypothesis could regulate life on Earth. Daisyworld (Figure 1.5) is a simple model for a worldwide ecosystem:





• The only life on Daisyworld is black or white daisies. The rest of the planet is bare earth.



• The temperature of the planet is determined by the amount of sunlight absorbed by the surface of the planet.



• The Sun’s heat output is gradually increasing.



• Black daisies absorb more solar energy and warm the planet – they will be abundant in the early history of Daisyworld when the Sun is cooler.



• White daisies reflect more of the Sun’s energy – these will become more abundant as the Sun’s heat energy increases.



• The temperature of the planet remains the same, within narrow limits.



• The temperature of the planet is therefore self-regulating.
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Key word definition


The Gaia hypothesis compares the Earth to a living organism in which feedback mechanisms maintain equilibrium. It describes how the living and non-living components of the global biosphere regulate the conditions for life on Earth. It was developed by James Lovelock and named after an ancient Greek Earth goddess.
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QUICK CHECK QUESTIONS





1   Explain the advantages of a systems approach.



2   Explain the differences between transfers and transformations. Give examples of both.
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Open systems, closed systems and isolated systems


There are three different types of system – open, closed and isolated. Differences depend on how matter and energy move into and out of the system.
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Key word definitions


Open systems exchange both matter and energy with their surroundings (e.g. an ecosystem).


Closed systems exchange only energy but not matter with their surroundings (e.g. the Earth – Figure 1.6).


Isolated systems these do not exchange either matter or energy with their surroundings (e.g. the Universe).





[image: ]








[image: ]






Expert tip


Systems can be described as closed or open (but, aside from the Universe, not isolated) depending on the scale at which they are examined. Marks will be awarded for showing an appropriate understanding of the roles of inputs and outputs, matter and energy.
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QUICK CHECK QUESTIONS





3   Outline the differences between open, closed and isolated systems. Give examples of each.








[image: ]





The first and second laws of thermodynamics and their relevance to environmental systems


The first law of thermodynamics (law of conservation of energy) states that energy entering a system equals energy leaving it, i.e. energy can neither be created nor destroyed.


The second law of thermodynamics states that energy in systems is gradually transformed into heat energy due to inefficient transfer, thereby increasing disorder (entropy).





• Energy flows through ecosystems. Energy enters as sunlight energy and is converted to new biomass and heat.



• The energy entering the system equals the energy leaving it (first law).



• Energy is inefficiently moved through food chains in the process of respiration and production of heat energy (second law).



• Initial absorption and transfer of energy by producers is also inefficient due to reflection, transmission, light of the wrong wavelength and inefficient transfer of energy in photosynthesis (second law).



• Light energy starts the food chain but is then transferred from producer to consumers as chemical energy.



• As a result of the inefficient transfer of energy, food chains tend to be short.








[image: ]






Key word definition


Entropy is a measure of the amount of disorder, chaos or randomness in a system; the greater the disorder, the higher the level of entropy.
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The nature of equilibria


In ecosystems, such as temperate forests, inputs and outputs of energy and matter change over time. This leads to changes in the population dynamics of communities, with populations increasing and decreasing in abundance. Overall the forest remains the same (steady-state equilibrium). Systems have a tendency to return to the original equilibrium, rather than adopting a new one, following disturbance.


Systems can have stable or unstable equilibrium (see Figures 1.7, 1.8, 1.9 and 1.10).
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Key word definitions


Equilibrium is a state of balance among the components of a system.


Steady-state equilibrium is the condition of an open system in which there are no changes over the longer term, but in which there may be oscillations in the very short term.


Stable equilibrium is the tendency in a system for it to return to a previous equilibrium condition following disturbance. This is in contrast to unstable equilibrium, which forms a new equilibrium following disturbance.
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QUICK CHECK QUESTIONS





4   Define steady-state equilibrium.



5   Explain the differences between stable and unstable equilibrium.
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Positive feedback and negative feedback


Figures 1.11 and 1.12 show examples of positive and negative feedback.
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• All feedback links involve time lags.



• Positive feedback tends to amplify change away from equilibrium (Figure 1.13), whereas negative feedback mechanisms help to maintain stability (Figure 1.14).
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Key word definitions


Feedback is when part of the output from a system returns as an input, so as to affect subsequent outputs.


Positive feedback is feedback that increases change; it promotes deviation away from an equilibrium.


Negative feedback is feedback that tends to counteract any deviation from equilibrium and promotes stability.


Albedo is the amount of light reflected by a surface.
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Common mistake


The term ‘negative’ does not mean that the feedback loop is detrimental to the environment. Quite the opposite – it usually counteracts deviation away from steady-state equilibrium.


The term ‘positive’ does not mean that the feedback loop has a constructive effect on the environment. Positive feedback increases change in a system, leading to it moving further away from steady-state equilibrium.
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Expert tip


Use case studies you have studied to illustrate examples of positive and negative feedback. For example, when discussing climate change you could use: increased temperatures lead to increased melt of permafrost, increasing release of methane, increasing temperatures (positive feedback); increased carbon dioxide leads to increased plant productivity, leading to increased growth, resulting in reduced carbon dioxide (negative feedback).
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QUICK CHECK QUESTIONS





6   Compare negative and positive feedback mechanisms.



7   Give two examples of negative feedback, and two of positive feedback, which are relevant to the ESS course.
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Models


All models have strengths and limitations, as shown in Table 1.1.


Table 1.1 The advantages and disadvantages of models






	Advantages

	Disadvantages






	




• They simplify complex systems and allow predictions to be made.



• Inputs can be changed to see their effects and outputs, without having to wait for real events.



• Results can be shown to other scientists and to the public. Models are easier to understand than detailed information about the whole system.





	




• They might not be accurate and can be too simple.



• They rely on the level of expertise of the people making them.



• Different people can interpret them in different ways.



• They may be used politically.



• They depend on the quality of the data that go into the inputs.



• Different models can show different outputs even if they are given the same data.
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Key word definition


A model is a simplified version of a system. It shows the flows and storages as well as the structure and workings.
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QUICK CHECK QUESTIONS





8   Describe the advantages and disadvantages of models.
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EXAM PRACTICE





1   a State what type of system the Earth is and what the inputs and outputs are.


[3]







    b Describe the Gaia hypothesis, and how it can be applied to managing climate change.


[7]


    c Evaluate the usefulness of a global perspective for managing climate change effectively.


[4]


    d Scientists use computer simulations to model the effects of climate change. Define the term model.


[1]


    e Discuss the advantages and disadvantages of climate change models, and why there is uncertainty about predictions concerning global warming.


[5]








2    Sabah is a Malaysian state, located in northern Borneo. The natural vegetation is tropical rainforest, and coral reef is found around the coast. Borneo has oil reserves in offshore waters.







    a Tourism is an important economic activity in Sabah. Construct a model (diagram) that demonstrates the range of impacts tourism may have both directly and indirectly on Sabah ecosystems.


[4]


    b Define the term negative feedback.


[1]


    c Define the term positive feedback.


[1]


    d Explain why most ecosystems, such as rainforest, are negative feedback systems.


[1]


    e With the help of a diagram, describe the circulation of carbon in Borneo. On your diagram describe at least four storages and three processes.


[7]








3   a State, giving the reason, why natural systems are never ‘isolated’.


[1]







    b Draw a flow diagram model to illustrate an example of negative feedback within an ecosystem.


[2]
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Topic 2 The ecosystem


Structure


Biotic and abiotic components


The Earth’s biosphere is a narrow zone, a few kilometres in thickness. It extends from the upper part of the atmosphere (where birds, insects and windblown pollen may be found) down to the deepest part of the Earth’s crust to which living organisms venture. The biosphere is made up of ecosystems (see Figure 2.1), which have biotic and abiotic components:





• Biotic – the living part of an ecosystem, i.e. the community.



• Abiotic – the non-living part of an ecosystem, for example air, wind, temperature, water, soil, minerals, landscape, climate.
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Key word definitions


The biosphere is that part of the Earth inhabited by organisms.


An ecosystem is a community of interdependent organisms and the physical environment they inhabit.
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Expert tip


Make sure you know and understand the difference between the terms biotic and abiotic: biotic refers to living components of the ecosystem and abiotic to non-living components.





[image: ]








[image: ]






QUICK CHECK QUESTIONS





1   Define the term ecosystem.



2   Identify three biotic and three abiotic components of an ecosystem near to where you live.
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Food chains and food webs


Figure 2.2 shows a typical food chain.
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The rainforest food chain in Figure 2.2 contains the following trophic levels:





• Producer – rainforest understorey leaves



• Primary consumer – sambar deer (herbivore)



• Secondary consumer – Borneo python (carnivore)



• Tertiary consumer – crested serpent eagle (top carnivore)





Ecosystems contain many interconnected food chains that form food webs (see Figure 2.3). These show the complex feeding relationships that exist between species.
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Key word definition


A trophic level is the position that an organism occupies in a food chain, or a group of organisms in a community that occupy the same position in food chains.
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Common mistakes


Arrows in food chains represent energy flow and always run from left to right, towards the consumers, not towards the organisms being eaten


You do not need to draw pictures of the plants and animals in food chains.





If you are asked to draw a food chain, do not draw a food web, or vice versa. A food chain is linear, showing energy flow through an ecosystem. A food web shows the complex interactions between different food chains.
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Expert tip


If asked to draw a food chain, you should use specific organisms (e.g. ‘Borneo python’ rather than ‘snake’) from a specific ecosystem (e.g. ‘Borneo rainforest’ rather than ‘forest’).
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Pyramids of numbers, biomass and productivity


Pyramids are graphical models. They show quantitative differences between the trophic levels in an ecosystem.


Pyramids of numbers


A pyramid of numbers represents the number of organisms (producers and consumers) coexisting in an ecosystem (Figure 2.4).
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Table 2.1 The strengths and weaknesses of pyramids of numbers






	Strengths

	Weaknesses






	




• A simple method of giving an overview of community structure.



• Good for comparing changes in a number of individuals over time.





	




• They do not take into account the size of organisms (see page 11).



• Numbers can be too great to represent accurately.



• Some animals feed at more than one trophic level (omnivores) and are therefore difficult to place.











Plotting a pyramid of numbers


Quantitative data for each trophic level are drawn to scale as horizontal bars, arranged symmetrically around a central axis.
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Worked example


Construct a pyramid of numbers from the following data.






	Species

	Number of individuals






	Lettuce

	16






	Slug

	10






	Hedgehog

	6






	Badger

	4










• Draw two axes on graph paper – the vertical axis should be located centrally on the paper (Figure 2.5 – axes are shown as dotted lines).



• Data are plotted symmetrically around the vertical axis, for example there are 16 lettuces, and so the vertical bar is drawn with 8 units to the left and 8 to the right of the axis.



• The height of the bars is arbitrary, but each bar should be the same height.



• Label each trophic level.
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Pyramids of biomass


A pyramid of biomass shows the biological mass at each trophic level. Each trophic level is measured in grams of biomass per square metre (g m–2) or kilograms per square metre (kg m–2). Biomass can also be measured in units of energy (e.g. J m–2).





• Because energy decreases along food chains (second law of thermodynamics) biomass decreases along food chains, so pyramids become narrower towards higher trophic levels.



• Biomass is measured as dry weight (biological mass minus water).



• Both pyramids of numbers and pyramids of biomass represent storages.





Pyramids of numbers and biomass can be inverted, i.e. narrower at the base than at the next trophic level.





• If producers, such as an oak tree, are relatively large in size and so few in number, there will be fewer producers than primary consumers in a food chain (Figure 2.6).
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• Data for numbers and biomass pyramids are taken at a point in time. The biomass of the producers may be less than the consumers that feed on them – this also leads to the pyramid of biomass being inverted (Figure 2.7).
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If data are taken over a full year, the total biomass produced at the producer level will always be greater than the primary consumer level, and so on through the food chain, following the second law of thermodynamics. Such data are shown as pyramids of productivity. Pyramids of productivity refer to the flow of energy through trophic levels and always show a decrease in energy along the food chain. They are the only pyramid that is always pyramid shaped.





• Pyramids of numbers and biomass show the storage in the food chain at a given time, whereas pyramids of productivity show the rate at which those storages are being generated.



• Productivity is defined by the amount of new biomass created per unit area per unit time. It is measured in units of flow (e.g. g m–2 yr–1 or J m–2 yr–1).
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Common mistake


Units are often not included when describing pyramids of biomass – these must not be forgotten (e.g. grams of biomass per square metre, g m–2).
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Expert tip


Biomass, measured in units of mass or energy (e.g. g m–2 or J m–2), should be distinguished from productivity, measured in units of flow (e.g. g m–2 yr–1 or J m–2 yr–1).
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Pyramid structure and ecosystem functioning


Food chains and their respective pyramids can be changed by human activities:





• Because energy is lost through food chains, top carnivores tend to be few in numbers. Any reduction in the number of organisms lower down the food chain can therefore lead to carnivores being put at risk.



• Crop farming increases producers (base of pyramid) and decreases higher trophic levels.



• Livestock farming increases primary consumers and decreases secondary and tertiary consumers.



• Hunting removes top carnivores.



• Deforestation reduces the producer bar on biomass pyramids.



• The use of non-biodegradable toxins (such as DDT or mercury) can lead to reduction in the length of food chains:







    • The toxin accumulates in the body fat of consumers.


    • The toxin becomes increasingly concentrated as the consumers at each trophic level become fewer.


    • Organisms higher up the food chain live longer and so have more time to accumulate the toxin.


    • Top carnivores are at risk from poisoning from the toxin.








[image: ]






QUICK CHECK QUESTIONS





3   Explain the differences between pyramids of numbers, biomass and productivity.



4   Explain why pyramids of numbers and biomass can sometimes be inverted.



5   How can human activities affect pyramid structure? Give three examples.
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Species, populations, habitats and niches




[image: ]






[image: ]







[image: ]






Key word definitions


A species is group of organisms that interbreed and are capable of producing fertile offspring.


A population is a group of organisms of the same species living in the same area at the same time, and which are capable of interbreeding.


A community is a group of populations living and interacting with each other in a common habitat.


A habitat is the environment in which a species normally lives.


A niche is a species’ share of a habitat and the resources in it. An organism’s ecological niche depends not only on where it lives but also on what it does.
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Expert tip


You need to be able to define the terms species, population, community, habitat and niche with reference to named local examples.
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Niches





• The niche is a complete description of a species – where, when and how it lives.



• Two species cannot share the same niche.



• Species with overlapping niches will compete with each other (see below).
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QUICK CHECK QUESTIONS





6   Define the term species.



7   Distinguish between the terms habitat and niche.
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Population interactions


Ecosystems contain many different species, with different interactions being shown between populations:





• Competition between organisms can be:







    • intraspecific – competition between members of the same species


    • interspecific – competition between members of different species.








• Parasitism is a relationship where one organism – the parasite – benefits at the expense of another – the host – from which it derives its food.



• Mutualism (symbiosis) is an interaction in which both species derive benefit.



• Predation is when one animal (or sometimes a plant – see Figure 2.11) eats another animal.



• Herbivory is when an organism feeds on a plant.
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Key word definition


Competition is a common demand by two or more organisms for a limited supply of a resource such as food, water, light, space, mates and nesting sites.
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Expert tip


You need to know how interactions between species affect species’ population dynamics, and how this can be shown graphically (e.g. see predator–prey interactions on page 6).





[image: ]








[image: ]






EXAM PRACTICE





1   Using examples, distinguish between a food chain and a food web.


[5]



2   Discuss how negative feedback processes control populations of a named parasite.


[3]
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Measuring abiotic components of the system


Abiotic factors include:





• marine – turbidity, salinity, pH, temperature, dissolved oxygen, wave action



• freshwater – turbidity, flow velocity, pH, temperature, dissolved oxygen



• terrestrial – temperature, light intensity, wind speed, particle size, slope, soil moisture, drainage, mineral content.





Table 2.2 The measurement of abiotic factors in ecosystems






	Abiotic factor

	How is it measured?

	Evaluation






	Wind speed*


	Anemometer

	Gusty conditions can lead to large variations in data






	Temperature+


	Thermometer

	Problems in data if temperature not taken from consistent depth






	Light+


	Lightmeter

	Cloud cover changes light intensity, as does shading from plants or light-meter operator






	Flow velocityx


	Flowmeter

	Readings must be taken from same depth; water flow can vary due to rainfall/ice melt






	Wave action†


	Dynamometer

	Changes in wave strength during a day and over a monthly period affect results






	Turbidity†


	Secchi disc

	Reflections off water reduce visibility; measurements are subjective






	Dissolved oxygenx


	Oxygenmeter

	Possible contamination from oxygen in air when using oxygenmeter






	Soil moisture*


	Evaporate water; soil moisture probes

	If soil is too hot when evaporating water, organic content can also burn off







Type of ecosystem where technique is mainly used: *terrestrial; xfreshwater; †marine; +all three
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Abiotic factors can vary from day to day and season to season. Electronic data-loggers overcome many of the limitations shown by abiotic measuring devices:





• They provide continuous data over a long period of time.



• They make data more representative of the area being sampled.



• More data can be collected, making results more reliable.
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Key word definition


An abiotic factor is a non-living, physical factor that can influence an organism or ecosystem – for example, temperature, sunlight, pH, salinity or precipitation.
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Common mistake


‘Climate’ and ‘temperature’ are sometimes used interchangeably. These terms are not the same: climate includes rainfall, humidity and wind speed as well as temperature.
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Expert tips


You need to be able to describe and evaluate methods for measuring at least three abiotic (physical) factors within an ecosystem, and state how these factors may vary with depth, time or distance.





If you are using sampling methods as examples in exam questions, use specific examples and avoid vague answers. If you have been on a field trip, knowledge of techniques gained through fieldwork should be used.
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QUICK CHECK QUESTIONS





8   Identify an abiotic factor found in a freshwater ecosystem. Outline how you would measure this factor.



9   Identify an abiotic factor found in a marine ecosystem. Outline how this factor would vary with depth.



10 Identify an abiotic factor found in a terrestrial ecosystem. Evaluate the technique used to measure this factor.
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EXAM PRACTICE





3   a Name an ecosystem you have studied and state one abiotic factor you can measure.


[1]







    b Outline how you would measure changes in the abiotic factor over time.


[2]


    c Explain why differences in the abiotic factor named in a might affect diversity between two sites.


[2]








4   With the help of examples, suggest a research question that would connect the abiotic and biotic components of an ecosystem.


[2]
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Measuring biotic components of the system
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Key word definition


A biotic factor is a living, biological process that can influence an organism or ecosystem – for example, predation, parasitism, disease or competition.
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Dichotomous keys


In ecological projects, it is important to correctly identify organisms being studied. This is done using dichotomous keys. Each key is organised in steps, with two options given at each step. The two options identify contrasting features of the species.
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Expert tip


Keys can also be shown as a diagram, with branches representing each step.





[image: ]








[image: ]






Worked example


Construct a key for the following animals: spider, beetle, monkey, gibbon, rhinoceros, eagle, snake, frog, leopard, butterfly, kangaroo and dolphin.






	

  1 a Animal is a vertebrate




	go to 4






	

    b Animal is an invertebrate




	go to 2






	

  2 a Animal has fewer than 8 legs




	go to 3






	

    b Animal has 8 legs




	spider






	

  3 a Animal has two hardened wing cases




	beetle






	

    b Animal does not have modified wings




	butterfly






	

  4 a Animal is warm blooded (endothermic)




	go to 6






	

    b Animal is cold blooded (ectothermic)




	go to 5






	

  5 a Animal has legs




	frog






	

    b Animal does not have legs




	snake






	

  6 a Animal is adapted for life in water




	dolphin






	

    b Animal is not adapted for life in water




	go to 7






	

  7 a Animal has wings




	eagle






	

    b Animal does not have wings




	go to 8






	

  8 a Animal has a placenta




	go to 9






	

    b Animal does not have a placenta




	kangaroo






	

  9 a Animal has fur




	go to 10






	

    b Animal does not have fur




	rhinoceros






	


10 a Animal has claws on feet




	leopard






	

    b Animal does not have claws on feet




	go to 11






	


11 a Animal has a tail




	monkey






	

    b Animal does not have a tail




	gibbon
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Limitations of keys include:





• The organism might not be in the key.



• Terminology can be difficult.



• There might not be a key available for the organisms under investigation.



• Some features cannot be easily established in the field – for example, whether an animal has a placenta or not, or whether an animal is endothermic or ectothermic.





Methods for estimating the abundance of organisms


Lincoln index


This technique is known as the capture–mark–release–recapture method. It is used for estimating the population size of mobile animals.





• Organisms are captured, marked, released and then recaptured.



• Marking varies according to the type of organism. For example, wing cases of insects can be marked with pen, snails with paint, and fur clippings used for mammals.



• Markings must be difficult to see – high visibility increases predation risk.



• The number of individuals of a species are recorded at each stage.



• The total population size is estimated using the following equation:
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    Where: N = total population of animals in the study site


    n1 = number of animals captured (marked and released) on first day


    n2 = number of animals recaptured on second day


    m = number of marked animals recaptured on second day
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Expert tip


You need to memorise the Lincoln index formula as it is not given in exams.
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Quadrat methods


Quadrats are used for estimating the abundance of plants and non-mobile animals.





• Percentage frequency is the percentage of quadrats in an area in which at least one individual of the species is found.



• Percentage cover is the proportion of a quadrat covered by a species, measured as a percentage (Figure 2.14). It is worked out for each species present. Estimates can be made by dividing the quadrat into a 10 × 10 grid (100 squares), where each square is 1% of the total area covered.



• Population density is the number of individuals of each species per unit area. It is calculated by dividing the number of organisms by the total area of the quadrats.
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The sampling system used depends on the areas being sampled:





• Random sampling is used if the same habitat is found throughout the area.



• Stratified random sampling is used in two areas different in habitat quality.



• Systematic sampling is used along a transect where there is an environmental gradient.





Method for estimating the biomass of trophic levels


Biomass is calculated to indicate the total energy within a trophic level.





• Biomass is a measure of the organic content of organisms.



• Water is not an organic molecule, and its amount varies from organism to organism, so water is removed before biomass is measured. This is called dry weight biomass.



• One criticism of the method is that it involves the killing of living organisms (although not all the organisms in an area need to be sampled – see below).



• Problems exist with measuring biomass of very large plants such as trees, and with roots and underground biomass.
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Key word definition


Biomass is the mass of organic material in organisms or ecosystems, usually stated per unit area.
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Calculating dry weight biomass


To obtain quantitative samples, biological material is dried to constant weight:





• The sample is weighed in a container of known weight.



• The sample is put in a hot oven (80°C).



• After a specific length of time the sample is reweighed.



• The sample is put back in the oven.



• This is repeated until the same mass is recorded from two successive readings.



• No further loss in mass indicates that water is no longer present.





Biomass is recorded per unit area (e.g. per metre squared) so that trophic levels can be compared. Not all organisms in an area need to be sampled:





• The mass of one organism, or the average mass of several organisms, is taken.



• This mass is multiplied by the total number of organisms to estimate total biomass.



• This is called an extrapolation technique.
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Expert tip


To estimate the biomass of a primary producer, all the vegetation, including roots, stems and leaves, is collected within a series of 1 m × 1 m quadrats. The dry weight method is carried out and average biomass calculated.
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QUICK CHECK QUESTIONS





11 Describe and evaluate methods for measuring three abiotic factors in a forest ecosystem.



12 Explain the difference between percentage frequency and percentage cover.



13 Which data are needed to estimate the size of an animal population? Write the equation needed to calculate population size.



14 Explain how biomass is calculated.
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Figure 1.12 An example of negative feedback: predator-prey relationships
between snowshoe hare and lynx in the boreal forest of North America
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or hypotheses. Opinions the sustainabilty of human  income and the sustainabilty of
or condusions should be activities in the Danube River human activiies in the Danube
presented clarly and supported  delta. 4] River delta. You must make sure
by appropriate evidence. aper 2, Now 2012) that you consider bothvallsides of
the isues.
Eualuste Make an appraisal by Evaluate the policies o You must name the polices,
weighing up the strengths  legislation or actionsthat  legislation or actions being
and limitations. exitlocall, nationally and  discussed. Allthree levels need
internationally that address  to be evaluated. The response
ths sue. [7] should contain menton of both the
advantages and disadvantages of the
(Paper 2, Nov 2012) policies and arrive at a conclusion,
Explain Give a detailed account, Explain why rates of net Assurme that you will need to
induding reasons or causes.  primary productivy are higher  briefly describe before you explain,
in some parts of the planet  unless that was required in the
than others. [2] preceding part of the question
(Paper 1, Nov 2012)
Justfy Give valid reasons or evidence  Justiy your personal In determining the approximate
10 support an answer or viewpoint on the value of  number of pieces of evidence
conclusion international cooperation in  required in your resporse look to the
the conservation of tropical  marks assigned to the queston. Be
rainforest. [2] specifc. Here you need to consider
the role of international cooperation,
(Paper 2, May 2010) not just conservation of rainforest.
Predict Give an expected reslt. Predict the effect on There are 3 marks available so you
nutrient ycling of ncreased  should refers to storages in the
precipitation over many years biomass, lter and soil, as well a5
in'a region thats curentlya  the flows between them and the
steppe. [3] inputs and outputs to and from
the system. When you are asked
(Paper 1, Nov 2011) to make a prediction you will be
provided with information to assst
you— besure to use it
Solve Obtain the answer(9) using  Using the data provided, solve For a response that requires a
algebraic and/or numerical  the net primary productivy  solution, include an answer with
methods and/or graphical  per kg biomass per year. units where appropriate and show
methods, allthe steps involved in coming to
an answer.
Suggest Propose a solution, hypothesis  Suggest one way inwhich the  The tem 'suggest’ s used when

or other possible answer.

pattern of vegetation shown
in Figure 1 might change as a
result of global warming. [1]

(Paper 1, Nov 2012)

there are several possible answers
and you may have to give reasons
or a judgement.
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Term Definition Sample question Advice for success

Annotate  Add brief notes to a diagram or  The diagram below shows two The notes should aid in the
graph biotic componens of the carbon description or explanation of

cydle: aplant and a bird. Annotate  the diagram or graph
the diagram to show the inputs

and outputs of carbon through

photosynthesis and respiration. [2]

(Paper 1, Nov 2010)

Apply Use an idea, equation, principle,  Apply Simpson's Diversity Index to  The formula for Simpson's
theory or law in relation to a work out the diversity of speciesin  Diversity Index wil be supplied
given problem or issue. the woodland eccsystem. and does ot need to be

memorised.

Calculate  Obtain a numerical answer, Calculate the percentage increase i You should include all the
showing the relevant stages of  grain production between 1967 and  steps involved in calculating
working 2005. 1] the answer. The final response

should be made clear and
(Paper 1, Nov 2012) have appropriate units where
applicable.

Describe  Give a detailed account. Describe one other system where 8e guided by the number of
human activites have created marks assigned to the question
environmental problems througha  More marks require a more
positve feedback system and explain  detailed description
how the system can be brought back
to balance. (8]

(Paper 2, Nov 2012)

Distinguish  Make clear the differences Distinguish between negative In this type of question it is
between two or more concepts  feedback and positive feedback. [2]  essential that you emphasise
or items. the differences between

(Paper 1, May 2010) the two concepts — it is not
acceptable to just define the
two terms/give two separate
descriptions.

Estimate  Obtain an approximate value. Estimate the area covered by national  Use the scale on the map and
parks in Borneo, your ruler to work out an

approximate value. You do not
need to spend a lot of time
measuring round curves,
dentify Provide an answer from a dentify two limiting factors Only a very brief answer is
number of possibiltes affecting the vegetation in the alpine  needed here

meadows. [2]

(Paper 1, Nov 2012)

Outline Give a brief account or summary.  Outline two problems caused by Two negative impacts of the use

the use of herbicides to control
invasive species such as Japanese
knotweed. [2]

(Paper 1, Nov 2012)

of herbicides must be described
briefly






