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I How to use this revision guide 
Welcome to the Em:ironmenwl Systems and Societies (ESS) far tM lB Diploma 
Revision Guide. This book will help you plan your revision and work through 
it in a methcxlological 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 gone online to check your answers. 

Use this bx:,k 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! 

G5¥4LH 
Thesetipsgiveadvicethatwillhelp 
you boost your final grade. 

HOH:i::iOUl,:ibfi i¥ 
Theseideritifytypicalmistakesthat 
studentsmakeandexplainhowyou 
can avoid them. 

Partsofthesyllabusrequireyoutousecasestudies.Examplesaregiveninthe 
relevantsectionsofthebook. 

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

• 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. 

EXAM PRACTICE 
Practiceexamquestionsareprovidedattheendofeachsection. Usethemto 
sup!X)rtyourrevisionandpractiseyourexamskills. 

Getting to know Paper 1 and Paper 2 
At the end of your ESS course you will sit two papers - Paper I and Paper 2. 
Paper I is worth 30% of the fmal marks and Paper 2, 50% of the final 
marks. The other assessed pan 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 

Key word Jefinitions 
Definitions are provided on the 
pages where the essential key 
terms appear. These key words are 
thosethatyoucanbeexpected 
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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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 
arecoveredonpagesix- 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 3Il0ther sheet of paper needs to be clearly indicated in 
the text box provided.) 

• Plan your time carefully before the exams - this is especially imp:mant for 
Paperl (see below) 

Paper 1 
Paper I ( I 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 U'lually 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 si:e of the boxes provided gives an indication of the length of aruwer 
expected - make sure your answers are concise 

• Look carefully at the number of marks awarded for each question - for 
example, if 1 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. T wemy 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 srudy 
Questions will test your knowledge of the syllabus and your ability to apply this 
to the new case srudy. 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 srudent to student, but here is some general 
advice: 
D You should be looking to spend less time on Section A (the resource 

booklet questions) than on Section B (the two essays). 
D Aim to spend about 45 minutes on Section A 
D 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. 

D 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 amoW1t 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 pans. 

• Case studies will help you answer Paper 2 essay questions - make sure you 
have learned these from the course (examples are given in this OOOk). You 
should use your own case studies to answer the essay questions rather than 
taking ideas from the resource OOOklet 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 lea'it 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: 

I 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 
withregardtoenvirorunentalissues. 

3 Synthesise, analyse aru:I evaluate research questioru, hypotheses, methods 
and scientific expbnations with regard to environmental issues. 

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

5 Articulate and justify a personal viewpoint on environmental issues with 
reasoned argument, while appreciating alternative viewpoints, including the 
perceptioruofdifferentcultures 

6 Demonstrate the personal skills of cooperation and responsibility appropriate 
for effective investigationaru:lproblemsolving 

7 Select and demorutrate 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: 

How to use this revision guide ix 

Assessment objectives Which component addresses this How is the assessment objective 
assessment o bjective? addressed? 

Paper 1 Short-answer and data-based questions 

Paper2 SectionA:casestudy 

1-7 lnternalAssessment:practicalwork 

Command terms 
Command terms indicate the depth of treatment required for a giwn assessment 
statement. Objectives I and 2 address simpler skills; objectives 3, 4 aru:15 rebte 
to higher-order skills 

It is essential that you are familiar with these terms, for Papers I 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 questioru taken from the current syllabus. Where no date is given, 
the corrunand term has not been used so far in the new ESS syllabus 

Section B: two structured essays {from 
a choice of four) 
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Objective 1 
Demonstrate an understanding of information, terminology, concepts, 
methodologies and skills with regard to environmental issues 

,,~ 
Define 

Draw 

"'"'' 

Definiti on 

Give the precise meaning of a word, 
phrase,conceptorphysicalquantity. 

Representbymeansofa labelled, 
accuratediagramorgraph,usinga 
pencil. 

Addlabelstoadiagram. 

List Give a sequence of brief answer; with 
no explanation. 

Measure Obtainavalueforaquantity. 

State Giveaspecificname,valueorother 
brief answer without explanation or 
calculation. 

Sample question 

Japaneseknotweedcan 
be described asa pioneer 
species. Define the term pioneer 
species. [1] 

(Paper 1, Nov2012) 

Foranecosystemyouhave 
studied, draw a food chain of at 
leastfournamedspecies.[1) 

{Paper1,May2011) 

Label a point on Figure 5 to show 
the likely location of the power 
station responsible for the thermal 
pollution of local waters. (1) 

(Paper 1, Nov2012) 

List three types of solid domestic 
waste.[1] 

(Paper1,May2010) 

Measurethedecreaseinthe 
thicknessoftheicesheeton 
thesouthcoasto!Greenland 
between 1950and2010. 

Statethetermforthepattemof 
vegetation shown in Figure 1.(1] 

(Paper 1, N<N2012) 

Adv ice for success 

Theglossaryinthecourseguideis 
a good starting point for learning 
definitions. 

Bepreparedtodrawdiagramsin 
both Papers 1 and 2. Your answer 
willbeelectronicallyscanned,so 
drawthediagramorgraphclearly 
andcreatelabelsthatcanbe 
easily read. 

Aruler(straightedge)shouldbe 
used for straight lines. 

Diagrams should be drawn to 
scale. 

Graphs should have points 
correctlyplotted{ifappropriate) 
andjoinedbyastraightlineor 
smooth curve. 

You need to be precise - in this 
case, the power station must be 
on the land! 

Alistislikelytoconsistofjust 
afewwords-youwillnotgain 
anycreditforanexplanationora 
detailed description. 

Usethescaletomeasurethe 
extent of the decline. 

Theanswerislikelytobeshortas 
well as specific. 
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Objective 2 
Apply and use information, tem1inology, concepts, methooologies and skills 
with regard to environmental issues 

Tenn Definition Sample question 

Annotate Add brief notes to a diagram or The diagram below shows two 

Apply 

Calculate 

Describe 

Distinguish 

Estimate 

Identify 

Outline 

graph. biotic components of the carbon 
cycle:aplantandabird.Annotate 
thediagramtoshowtheinputs 
and outputs of carbon through 
photosynthesisandrespiration.[2) 

Useanidea,equation, principle, 
theory or law in relation to a 
given problem or issue. 

Obtain a numerical an,wer, 
shmvingtherelevantstagesof 
working. 

Give a detailed account. 

Make clear the differences 
between two or more concepts 
or items. 

Obtain an approximate value. 

Provide an an,wer from a 
number of possibilities. 

{Paper 1, Nov2010) 

Apply Simpson's Diversity Index to 
workoutthediversityofspeciesin 
the woodland ecosystem. 

Cakulatethepert:entageincreasein 
grain production between 1967 and 
2005.[1) 

(Paper 1, Nov2012) 

Describe one other system where 
human activities have created 
environmental problems through a 
positivefeedbacksystemandexplain 
howthesystemcanbebroughtb.Jck 
tobalance.[8) 

(Paper 2, Nov2012) 

Distinguish between negative 
feedback and positive feedback. [2] 

(Paper1,May2010) 

Estimatetheareacoveredbynational 
parks in Borneo. 

Identify two limiting factors 
affecting the vegetation in the alpine 
meadows. [2) 

(Paper 1, Nov2012) 

Give a brief account or summary. Outline two problems caused by 
theuseofherbicidestocontrol 
invasivespeciessuchasJapanese 
knotweed.[2] 

(Paper 1, Nov2012) 

Advice fo r success 

Thenotesshouldaidinthe 
description or explanation of 
the diagram or graph. 

The formula for Simpson's 
Diversitylndexwillbesupplied 
and does not need to be 
memorised. 

You should include all the 
steps involved in calculating 
the answer. The final response 
shouldbemadeclearand 
have appropriate units where 
applic.able. 

Beguidedbythenumberof 
marksassignedtothequestion. 
Moremarksrequireamore 
detailed description. 

lnthistypeofquestionitis 
essential that you emphasise 
the differences between 
thetwoconcepts-itisnot 
acceptabletojustdefinethe 
two terms/give two separate 
descriptions. 

Usethescaleonthemapand 
yourrulertoworkoutan 
approximate value. You do not 
needtospendalotoftime 
measuring round curves. 

Onlyaverybriefan,weris 
needed here. 

Twonegativeimpactsoftheuse 
ofherbicidesmustbedescribed 
briefly. 
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Objectives 3, 4 and 5 
Synthesise, analyse and evaluate research questions, hypotheses, methcxls and 
scientific explanations with regard to envirorunental 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. 

To ITT Definition Sample question 

Analyse Break down in order to bring Analyse the population 
outtheessentialelement5or structure shown in the 

population pyramid. 

Comment Giveajudgementbasedona Comment on the relationship 
givenstatementormsultofa between population growth 
calculation. and food supply. 

Compare and Giveanaccountofsimilarities Compare and contrast the 
and differences between two abioticfactorsfoundinthe 
(or more) items or situations, straightpartoftheri...erwith 
referring to both (orall)of theabioticfactorsfoundinthe 
them throughout. meanderingpartoftheriver.[3] 

(Paper 2, Ncr."2012) 

Construct Display information ina Construct a simple diagram 
diagrammatic or logical form. toshowthreeinputsthat 

canleadtoincreasesintwo 
outputs in a food production 
system.[3) 

(Paper 1, Ncr."2012) 

Deduce Reachaconclusionfromthe Deduce, giving a reason, 
information given. whether the figure below 

could represent the transfer 
ofenergyinaterrestrial 
ecosystem.[1] 

(Paper1,May2012) 

Derive Manipulate a mathematical Usingthecrudebirthrate 
relationshiptogiveanew and crude death rate, derive 
equation or relationship. thenaturalincreaseforthe 

selected populations. 

Design Produce a plan, simulation or Design a conservation area 
model. fortheprotectionofanamed 

species. 

Determine Obtain the only possible Determine the stage of 
demographic transition 
representedbyeachage/sex 
pyramid.[2) 

(Paper 1, Ncr."2012) 

Advice for success 

From within the population 
pyramid determine the basic age 
andgenderdemographicsofthe 
population and highlight them 
within your response. 

Youshouldreachaconclusion 
on whether you think population 
growth is out-stripping food 

You;houlddescribeandexplain 
the similarities (compare), as well as 
describeandexplainthedifferences 
(contrast) between the abiotic 
factors in the two named parts of 
the river. 

Thismayinvolveboxesandarrows, 
for example in the form of a flow 
diagram. ltisveryimportantthat 
your construction is dear. 

Youranswermuststatethe 
conclusion reached. 

Crudebirthanddeathrates 
are given in rates per thousand 
whereasnaturalincreaseisgiven 
inratesperhundred(percent)so 
a conversion/manipulation of the 
data must be conducted to derive 
theanswer.Checktheunitsthat 
are used. 

Design a ieserve, using appropriate 
criteria suchas:size,shape,edge 
effects,corridorsandproximityto 
other reserves. 

Youshoulddetermineadefinite 
stage,withnoalternatives. 
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T, ~ Definiti o n Sample quest ion Advice for success 

Discuss Offer a considered and Withreferencetoallofthe The response should contain 
balanced review that includes data, discuss the relationship evidenced commentary on the 
arangeofarguments,factors between natural income and relationship between natural 
or hypotheses.Opinions the sustainability of human incomeandthesustainabilityof 
or conclusions should be activitiesintheDanubeRiver humanactivitiesintheDanube 
presented clearly and supported delta.[4] River delta. You must make sure 
by appropriate evidence. 

(Paper 2, Ncr."2012) 
that you consider both/all sides of 
the issues. 

Evaluate Make an appraisal by Evaluate the policies or Youmustnamethepolicies, 
weighing up the strengths legislation or actions that legislation or actions being 
and limitations. existlocally,nationallyand discus.sed.Allthreelevelsneed 

internationally that address to be evaluated. The response 
thisissue.[7] should contain mention of both the 

(Paper 2, Ncr."2012) 
advantagesanddisadvantagesofthe 
IX)liciesandarriveataconclusion. 

Explain Give a detailed account, Explainwhyratesofnet Assumethatyouwillneedto 
including reasons or causes. primary productivity are higher brieflydescribebeforeyouexplain, 

insomepartsoftheplanet unlessthatwasrequiredinthe 
thanothers.[2] precedingpartofthequestion. 

(Paper 1, Ncr."2012) 

Justify Givevalidreasonsorevidence Justify your personal In determining the approximate 
to support an answer or viewpoint on the value of numberofpiecesofevidence 
conclusion. international cooperation in requiredinyourresponselooktothe 

the conservation of tropical marksassignedtothequestion.Be 
rainforests.[2) specific.Hereyouneedtoconsider 

(Paper2,May2010) 
theroleofinternationalcooperation, 
notjustconservationofrainforests. 

Predict Give an expected result. Predict the effect on Thereare3 marks available so you 
nutrient cycling of increased shouldreferstostoragesinthe 
precipitationCNerrnanyyears biomass,litterandsoil,aswellas 
inaregionthatiscurrentlya the flows between them and the 
steppe.[3) inputsandoutputstoandfrom 

(Paper 1, Ncr."2011) 
thesystem.Whenyouareasked 
to make a prediction you \\~llbe 
provided with information to assist 
you-besuretouseit. 

Soh,e Obtaintheanswer(s)using Using the data provided, solve Fora response that requires a 
algebraic and/or numerical the net primary productivity solution,includeananswerwith 
methods and/or graphical perkgbiomassperyear. unitswhereappropriateandshow 
methods. allthestepsinvolvedincomingto 

Suggest Propose a solution, hypothesis Suggestonewayinwhichthe Theterm'suggest'isusedwhen 
or other possible answer. pattern of vegetation shown thereareseveralpossibleanswers 

in Figure I mightchangeasa and you rnayhavetogivereasons 
result of global warming. [1] or a judgement. 

(Paper 1, Ncr."2012) 
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Countdown to the exams 
4--8 WEEKS TO GO 

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

• UX>k carefully at the checklist in this lx>ok and use it to help organise 
your class notes and to make sure you have co\·ered 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 lx>ok 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. 

• UX>k 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 map!i 
andf!a'lhcards. 

• 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 chss 

1 WEEK TO GO 

• Aim to fit in at least one more timed practice of entire pa'it 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 

THE DAY BEFORE THE EXAMINATION 

• UX>k through this lx>ok one final time. UX>k carefully through the 
information about Paper I 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. 

MY EXAMS 

ESS PAPER 1 
Date 

TI me:. 

Location: . . 

ESS PAPER 2 
Date 

Location: .. 



Systems and models 

Systems 

Concept and characteristics of systems 

• A system can be divided into parts, or comixments, which can each be 
srudied separately: this is called a 'reductionist' approach. 

• A system C3Il 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 

Key word definition 
A system is an assemblage of pans 
and the relationships between 
them, which together constitute an 
entity or whole 

Figure 1.1 The systems approach allows different disciplines to be 
studied in the same way, and for links to be made between them 

Systems can be shown as diagrams where they can be divided into stor3ges and 
flows(Figure 1.2) 

Figure 1.2 A simple systems diagram showing storage and flows 

• Storages are represented byOOxes 
• Flowsarerepresentedbyarrows. 
• Arrows represent inputs and outputs from the system. 

An example is shown in Figure 1.3. 

Predp~atioo t 
d 
~ 

E "" 

Fig ure 1.3 A diagram of an ocean system, with flows into and out from the 
storage(theocean) 

Draw bold, clear, well-labelled 
diagrams. 

13"!:hl'"fl::MM i 
lfyouareaskedtoconstructa 
diagram of a system, do not draw a 
picture.Thisreducesthetimeavailable 
for completing the question. You are 
expected to draw diagrams \\~th boxes 
and arrows, representing storages and 
flows. 



Environmental systems and Societies for the 18 Diploma 

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) ar involve a change in state (e.g. water evaporating from a leaf into 
the atmosphere). 

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

/ . PTI>cip<ahoo 

1.0 
Lwchmg 

Ruooff 

Figure 1.4 Diagram showing a nutrient model for a rainforest ecosystem . 
The size of the boxes represents the amount of nutrients stored, and the 
width of the arrows the size of the nutrient flows 

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 
Eanh itself can be seen as a global ecosystem 

Daisyworld 
The Daispvodd model was developed by James Lovelock to show how the 
Gaia hypothesis could regulate life on Eanh. 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 

bareeanh. 
• 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. 

130:r't:i i:l::MM i 
Do not confuse t ransfe~ with 
transformations.Transfers only 
involve a change in location.whereas 
transformationsinvolveachangein 
state or new products. 

Whendrawingadiagram,include 
processesontheinputandoutput 
arrows to show the transfers 
(blue arrows in Figure 1.4)and 
transformations(redarrowsin 
Figure 1.4)takingplace. 

lfaquestiongivesdataonthesize 
oftheflowsorstorages,youare 
expectedtoshowtheseondiagrams 
eitherbydrawingboxesandarrows 
proportionally, or by including 
numbers. 

Keyword 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 Eanh. It 
was developed by James Lovelock 
and named after an ancient Greek 
Eanhgo.:ldess. 



Fig ure 1.5 The Daisyworld model. a) Daisyworld early in its history; 
b) Daisyworld late in its history, after its Sun has become brighter 

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. 

Fig ure 1.6 The Earth - an example of a closed system 

• QUICK CHECK QUESTIONS 

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

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 systeffi'l is gradually 
transformed into heat energy due to inefficient transfer, thereby increasing 
disorder(entropy). 
• Energy flows through ecosysteffi'l. 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) 
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• QUICK CHECK QUESTIONS 

1 Explaintheadvantagesofa 
systems approach. 

2 Explain the differences between 
transfers and transformations. 
Give examples of both. 

fitf#ffflllli I 
Keyword definitions 
Open systems exchange 001:h 
matter and energy with their 
surroundings(e.g.anecosystem). 

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). 

Ui¥4ill· 
Systems can be described as closed or 
open(but,asidefromtheUnJVerse, 
not isolated)depending on the scale 
atwhichtheyareexamined.Marks 
will be awarded for showing an 
appropriateunderstandingoftheroles 
ofinputsandoutputs,matterand 
energy. 

l;!#tf:1111 I 

Keyword definition 
Entropy is a measure of the amount 
of disorder, chaos or randomness in 
asystem;thegreaterthedisorder, 
the higher the level of entropy. 
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• Light energy starts the food chain but is then transferred from pro.:lucer to 
consumers as chemical energy. 

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

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 popubtion dynamics 
of communities, with populations increm;ing and decreasing in abundance. 
Overall the forest remains the same (steady-state equilibrium). Systemi; 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) 

-~---state state 

Time 

Figure 1.7 Steady-state equilibrium . There are continuing inputs and outputs 
of matter and energy, but the system as a whole remains in a more-or-less 
constantstate(forexample,acl imaxecosystem) 

Figure 1.8 Stable equilibrium . Disturbance leads to a return to the original 
equilibrium 

Figu re 1.9 Unstable equilibrium . The system moves to a new equilibrium 
following disturbance 

Figu re 1.10 Diagrams showing the difference between (A) stable and 
(B)unstableequilibrium 

Key word definition~ 
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 
maybeoscillationsinthevery 
short term 

Keyword definition 
Stable equilibrium is the tendency 
inasystemforittoretumtoa 
previous equilibrium condition 
following disturbance. This is in 
contrast to unstable equilibrium, 
which forms a new equilibrium 
following disturbance. 



• QUICK CHECK QUESTIONS 

4 Define steady-state equilibrium. 
5 Explainthedifferencesbetweenstableandunstableequilibrium. 

Positive feedback and negative feedback 

Figures I.I I and 1.12 show examples of po,itive and negative feedback. 

a=> I Meltiogof.aice I ~ 

~ Deuea'lt'd 
albedo 

More solar energy 
absorbedatEarth's ~ 

surface 

Fig ure 1.11 An example of positive feedback: the effect of r ising 
temperatures on planetary albedo 

Sn=hoehare 
poputation 

dec:reasesasmore 
predation 

Figure 1.12 An example of negative feedback: predator-prey relationships 
between snowshoe hare and lynx in the boreal forest of North America 

• All feedback links involve time bgs. 
• Positive feedback tends to amplify change away from equilibrium 

(Figure 1.13), whereas negative feedback mechanisms help to maintain 
stability(Figurel.14). 
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Keyword definitions 
Feedback is when part of the 
output from a system returns as an 
input,soa,;toaffectsubsequent 
outputs 

Positi\·e feedback ii feedback 
that incre:ises change; it 
promotes deviation away from an 
equilibrium. 

Negati\·e feedback is feedback that 
tends to counteract any deviation 
from equilibrium and promotes 
stability. 

Albedo is the amount of light 
reflected by a surface 

Figure 1.1 3 Arctic ice melting lead ing to positive 
feedback through decreased planetary albedo 
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KEY 
- Snowshoe hare 

Use case studies you have studied 
toillustrateexamplesofpositiveand 
negative feedback. For example, 
whendiscussingclimatechangeyou 
coulduse:increasedtemperatures 
leadtoincreasedmeltofpermafrost, 
increasing release of methane, 
increasingtemperatures(positive 
feedback); increased carbon dioxide 
leads to increased plant productivity, 
leading to increased growth, resulting 
in reduced c.arbon dioxide (negative 
feedback). 

- Lynx 

Figure 1.14Predat or-preyrelat ionsh ips 

• QUICK CHECK QUESTIONS 

Compare negative and positive feedback mechanisms. 

IHrri::iHl::Mfii 
The term 'negative'doesnotmean 
that the feedback loop is detrimental 
totheenvironment.Quitethe 
opposite-itusuallycounteracts 
deviation away from steady-state 
equilibrium. 

Give two examples of negative feedback, and two of positive feedback, 
whicharerelevanttotheESScourse. 

The term 'posit ive'doesnot 
meanthatthefeedbackloop 
hasaconstructiveeffectonthe 
environment. Posit ive feedback 
increaseschangeinasystem,leading 
toitmovingfurtherawayfrom 
steady-state equilibrium. 

Mode ls 
All models have strengths and limitations, 3S shown in Table I .I. 

Table 1.1 Theadvant agesand disadvant agesofmodels 

Advantages 

• They simplify complex systems and allow predictions to be 
=de. 

• Inputs can be changed to see their effects and outputs, 
withouthavingtowaitforrealevents. 

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

• QUICK CHECK QUESTIONS 

8 Describe the advantages and disadvantages of models. 

Disadvantages 

• Theymightnotbeaccurateandcanbetoosimple. 
• 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 

aregiventhesamedata. 

Keyword definit ion 
A model is a simplified version of 
a system. It shows the flows and 
storngesa<;wellasthestructure3Ild 
workings 
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EXAM PRACTICE 

1 a StatewhattypeofsystemtheEarthisandwhattheinputsandoutputsare. [3] 

b Describe the Gaia hypothesis, and how it can be applied to managing dimate change. [7] 

c Evaluatetheusefulnessofaglobalperspectiveformanagingclimatechangeeffectively. [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 SabahisaMalaysianstate,locatedinnorthemBorneo.Thenaturalvegetationistr~icalrainforestandcoral 
reefisfoundaroundthecoastBorneohasoilreservesinoffshorewaters. 

a Tourism is an im~rtant economic activity in Saba h. Construct a mcxlel (diagram) that demonstrates the range 
ofimpactstourismmayhaveOOthdirectlyandindirectlyonSabahecosystems. [4] 

b Definethetermnegativefeedback. [1] 

c Definetheterm~sitivefeedback. [1] 

d Explainwhymostecosystems,suchasrainforestarenegativefeedbacksystems. [1] 

e With the help of a diagram, describe the circulation of cartxrn in Borneo. On your diagram describe at least 
fourstoragesandthreeprocesses. [7] 

3 a State,givingthereason,whynaturalsystemsarenever 'isolated'. [1] 

b Draw a flow diagram mcxlel to illustrate an example of negative feedback within an ecosystem. [2] 



The ecosystem 

Structure 

Biotic and abiotic components 

The Earth's biosphere is a narrow rone, a few kilometres in thickness. It extends 
from the upper part of the atmosphere (where birch, insects and windblown 
ix>llen may be found) down to the deepest pan 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 a biotic components: 
• Biotic - the living part of an ecosys tem, i.e. the community. 
• Abiotic - the non-living part of an ecosystem, for example air, wind, 

temperature, water, soil, minerals, landscape, climate 

Figu re 2.1 All ecosystems, such as tropical rainforest, include both 
living (e.g . animals, plants and fungi) and non-living components 

i@#fffillli I 

iifi#tffillli 

Key word definitions 
The biosphere is that pan of the 
Earth inhabited by organisms. 

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

W¥41D· 
Makesureyouknowandunderstand 
thedifferencebetweentheterms 
biotkandabiotic:bioticrefersto 
livingcomponentsoftheecosystem 
and abiotic to non-living components. 
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Food chains and food webs 
i@if@-

Figure 2.2 shows a typical focxl chain 

I rainforest understorey leaves-+ sambar deer-+ Borneo python -+ crested serpent eagle I 

Figure 2.2 A rainforest food chain from Borneo 

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 fcxxl chains that form fcxxl webs (see 
Figure 2.3). These show the complex feeding relationships that exist betv.1een 
species 

KeywordJefinition 
A trophic level is the ix:,sition that an organism occupies in a fcxxl chain, or 
a group of organisms in a community that occupy the same ix:,sition in fcxxl 
chains 

Tertiary consumers 

Secondary consumers 

Clouded 
leopard 

Primary consumers 

~:::1 Sumatran 
rhino 

Sambar -
Figure 2.3 A rainforest food web from Borneo, showing trophic levels. 
Decomposers feed at each trophic level 

Expert t ip 
If asked to draw a food chain, you should use specific organisms (e.g. 'Borneo 
python' rather than 'snake') from a ,pecific: ecosystem (e.g. 'Borneo rainforest' 
ratherthan'forest'). 

Common mistake 

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. 

13"11'1:i Hl::ibfi i4 
Arrows in food chains represent 
energy flow and always run from left 
to right, towardstheconsumers,not 
towards the organisms being eaten 

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

Giant 
squirrel 
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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 

Pyra mids of numbers 
A pyr.imid of numbers represents the number of organisms (pnxlucers and 
coruumers) coexisting in an ecosystem (Figure 2.4 ). 

Fig ure2 .4Apyramidofnumbers 

Tab le 2.1 The strengths and weaknesses of pyramids of numbers 

Strengths Weaknesses 

i@if@-

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

• They do not take into account the sizeoforganisms(see page 11). 
• Numbers can be too great to represent accurately. 

• Good for comparing changes in a number of 
individuals overtime. 

• Some animals feed at more than one trophic level (omnivores) and 
arethereforedifficulttoplace. 

Plotting a pyramid of numbers 

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

Wurked e)l,Ullp!f' 

Construct a pyramid of numbers from the following data 

Species Number of individuals 

lettuce 16 

SI"< 10 

Hedgehog 

Badger 

• 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. 

I I I 

+-+-+-+-+-+-+-+-+-+1-,1-+-+1-+-+-+-+-+-+-+-, 
+-+-+-+-+-+-+-+-+-+1-,_+-+I-+-+-+-+-+-+-+-, 

I I I 
I I I 
Badger 

Hedgehog 

Slug 

Lettuce 

I 
I I I 

Fig ure2 .5 Plottinga pyramid of numbers 



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 (gm-1) or 
kilograms per square metre (kgm--l ). Biomass can also be measured in units of 
energy(e.g.Jm-l). 
• Becall'ie energy decreases along food chains (second law of thermOOynamics) 

biomass decreases along food chains, so pyramids become narrower towards 
highertrophiclevels 

• Biomass is measured as dry weight (biological mass minus water). 
• Both pyramids of numbers and pyramids of biomass represent stor3ges. 

Pyramids of numbers and biomass can be inverted, i.e. narrower at the base than 
atthenexttrophiclevel 
• 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(Figure2.6) 

S~rro~ Thrush 

CaterpHla~ j 

Oak tree 

Fig ure 2.6 Pyramids of numbers do not take into account the size of the 
organisms, and can therefore be inverted 

• 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). 

---------1r:J 
Zooplankton ~ 

Phytopl,mk.ton - ----==t----~ 

Fig ure 2.7 A pyramid of biomass for a north Atlantic seafood chain. Changes 
in feeding patterns and seasonal variations can lead to pyramids of biomass 
being inverted 

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 thermOOynamics. 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 Wlit time. It is measured in units of flow (e.g. gm-lyrl or J m-lyrl). 

Expe rt tip 
Biomass, measured in units of mass or energy (e.g. gm--1. or Jm-2), should be 
distinguished from productivity, measured in units of flow (e.g. g m-1yr-1 or 
Jm-2yr-1). 

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, gm-1). 

To ·c 2 The ecos rem 11 
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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 fcxxl 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 pro.:lucers (base of pyramid) and decreases higher 
trophiclevels 

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

• Hunting removes top carnivores 
• Deforestation reduces the pro.:lucer bar on biomass pyramids. 
• The use of non-biodegradable toxins (such as DITT or mercury) can lead to 

reduction in the length of fcxxl chains· 
o The toxin accumulates in the body fat of consumers 
o The toxin becomes increasingly concentrated as the consumers at each 

trophic level become fewer. 
D Organisms higher up the food chain live longer and so have more time to 

accumulate the toxin. 
D Top carnivores are at risk from poisoning from the toxin. 

• QUICK CHECK QUESTIONS 

3 Explain the differences between pyramids of numbers, biomass and 
productivity. 
Explain why pyramids of numbers and biomass can sometimes be inverted. 
How can human activities affect pyramid structure? Give three examples. 

Species, populations, habitats and niches 

Figure2 .8Apopulation of zebra in an African savannah 

"" . 

Figure 2.9 A community of different animals in an African savannah. 
Thesavannahisthehabitatinwhichtheanimalslive 

i@if@-

Ui¥4ill· 
Youneedtobeabletodefinethe 
terms species, population, community, 
habitatandnichewithreferenceto 
named local examples. 

Keyword definitions 
A species is group of organisms 
that interbreed and are capable of 
pro.:lucing fertile offspring. 

Apopulationisagroupof 
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 
dept>nds not only on where it lives 
but also on what it does. 



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 overbpping niches will compete with each other (see below). 

• QUICK CHECK QUESTIONS 

6 Definethetermspecies. 
7 Distinguish between the terms habitat and niche. 

Population interactions 

Ecosystems contain many different species, with different interactions being 
shown between populations· 
• Competition between organisms can be: 

D intraspecific - competition between members of the same species 
o interspecific - competition between members of different species. 

• Parasitism is a rebtionship where one organism - the parasite - benefits at 
the expense of another - the host - from which it derives its foo.:l 

• 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. 

• H erbivory 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 
limitedsupplyofaresourcesuchas 
food, water, light, space, mates and 
nesting sites. 

You need to know how interactions 
between species affect species' 
population dynamic<;, and how this 
canbeshowngraphically(e.g.see 
predator-preyinteractionsonpage6). 

Figure 2 .1 0 Lichens are a symbiotic relationship between a Figure 2.11 Pitcher plants feed 
fungus and an alga on insects trapped in their highly 

adapted leaves(the pitchers) 

EXAM PRACTICE 

1 Using examples. distinguish between a food chain and a food web. [5] 

2 Discusshownegativefeedbackprocessescontrol[X)pulationsof 
a named parasite. [3] 
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Measuring a biotic components of the 
system 
Ahioticfactors include: 
• marine turbidity, salinity, pH, temperature, dissoked oxygen, wave action 
• fresh water - turbidity, flow velocity, pH, temperature, dissolved oxygen 
• terrestrial - temperature, light intensity, wind speed, particle size, slope, soil 

moisture, drainage, mineral content 

Tab le 2.2 The measurement of abiot ic factors in ecosystems 

Abiot ic factor How is it measured? Evaluation 

W¥41D· 
Youneedtobeabletodescribeand 
evaluatemethodsformeasuringat 
leastthreeabiotic{physical)factors 
withinanecosystem,andstatehow 
these factor.; may vary with depth, time 
or distance. 

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 velocity, Flow meter Readings must be taken from same depth; water flow can vary due to rainfalV 
ice melt 

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

Turbidityt Secchi disc Reflections off water reduce visibility; measurements are subjective 

Dissolved oxygen, Oxygenmeter Possible contamination from oxygen in air when using oxygen meter 

Soil moisture* Evaporate water; soi l If soil is too hot when evaporating water, organic content can also bum off 
moisture probes 

Type of ecosy51em whl.'fe technique is mainly used: 'terrestr~I; "freshwater; tmarine; •all lhf!'e 

Figure 2.1 2 Using an 
anemometer to measure 
w indspeedin ashingle 
ridge succession 

Figure2 .13 Using a f low 
meter to measure wat er 
speed in aforest river 

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 

• QUICK CHECK QUESTIONS 

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

9 Identify an a biotic factor found in a marine ecosystem. Outl ine how this factor 
would vary with depth. 

10 ldentifyanabioticfactorfoundinaterrestrialecosystem. Evaluate the 
techniqueusedtomeasurethisfactor. 

Keyword definition 
An a biotic fa ctor is a non-living, 
physicalfactorthatcaninfluence 
an organism or ecosystem - for 
example,temperature,sunlight, 
pH, salinity or precipitation 

13·1::i:l"i,i::MM l· 
'Climate'and 'temperature'are 
sometimes used interchangeably. 
These terms are not the same: climate 
includesrainfall,humidityandwind 
speed as well as temperature. 

W¥W· 
lfyouareusingsamplingmethods 
asexamplesinexamquestions,use 
specificexamplesandavoidvague 
answers. lfyouhavebeenonafield 
trip, knowledge of techniques gained 
throughfieldworkshouldbeused. 



EXAM PRACTICE 

3 a Nameanecosystemyouhavestudiedandstateoneabioticfactor 
you can measure. 

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

c Explainwhydifferencesintheabioticfactornamedinamightaffect 
diversity between two sites. 

4 Withthehelpofexamples,suggestaresearchquestionthatwould 
connecttheabioticandbioticcomponentsofanecosystem. 

Measuring biotic components of the 
system 

Key word definition 
A biotic factor is a living, biological prcx:ess that can influence 311 

organism or ecosystem - for example, predation, parasitism, disease or 
competition. 

Dichotomous keys 

111 

121 

121 

121 

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

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

I a Animal is a vertebrate 
b Animal is an invertebrate 

2 a Animal has fewer than 8 legs 
b Animalhru8legi; 

3 a Animal has two hardened wing crues 
b Animal does not have modified wings 

4 a Animal ii warm blcoded (endothermic) 
b Animal is cold blooded (ectothermic) 

5 a Animal has legs 
b Animal does not have legs 

6 a Animal ii adapted for life in water 
b Animal is not adapted for life in water 

7 a Animal has wings 
b Animal does not have wings 

8 a Animal has a placenta 
b Animal does not have a placenta 

9 a Animal has fur 
b Animal does not have fur 

I O a Animal has claws on feet 
b Animal does not have claws on feet 

11 a Animal has a tail 
b Animal does not have a tail 

gow4 
gow2 

gow3 
spider 

beetle 
butterfly 

gow6 
gow5 

frog 
snake 

dolphin 
gowl 

eagle 
gowB 

gow9 
kangaroo 

gowlO 
d1inoceros 

leopmd 
gowll 

monkey 
gibbon 
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li5¥41D· 
Keyscanalsobeshownasadiagram, 
withbranchesrepresentingeachstep. 
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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 fX)pulation size is estimated using the following equation: 

Where: N • total population of animals in the study site 
n1 • number of animals captured (marked and released) on first day 
ni • number of animals recaptured on second day 
m • number of marked animals recaptured on second day 

Quad rat methods 
Quadrats are used for estimating the abundance of plants and non-mobile 
animals 
• Percentage frequency is the percentage ofquadrats in an area in which at 

least one individual of the species is found 
• Percentage co~·er 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 x 10 grid 
(JOO 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 
quad rats. 

Ui¥4ill· 
You need to memorise the Lincoln 
indexformulaasitisnotgivenin 

Figure 2.14 A quadrat being used to estimate 
percentage cover of seaweed on a rocky shore 



The sampling system used depends on the area<; being sampled· 
• Random sampling is used if the same habitat is found throughout the area 
• Stratified random sampling is ll'ied in two areas different in habitat quality. 
• Systematic sampling is used along a transect where there is an 

envirorunentalgradient 

Method for estimating the biomass of trophic 
levels 

Biomass is calculated to indicate the total energy within atrophic 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 me3Suring biomass of very large plants such as trees, and 
with n:ots and underground biomass. 

Ca lculat ing 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. 
• N o funher 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 

• 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 Explainhowbiomassiscalculated. 

Diversity and the Simpson's diversity index 

Species diversity refers to the number of species and their relative abundance 
(see Topic 4 ). It can be calculated using di\·ersity indices 

Species diversity can be calculated using the Simpson's diversity index, ll'ling 
the equation: 

D= N(N-1) 
En(n-1) 

D • Simpson's index 
N • total number of organisms of all species found 
n • number of individuals of a particular species 

• Index values are relative to each other and not absolute, unlike measures of, 
say, temperature, which are on a fixed scale. 
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Keyword definition 
Biomass is the mass of organic 
material in organisms or 
ecosystems,usuallysta tedper 
unit area. 

To estimate the bioma~ of a primary 
producer,allthevegetation, including 
roots, stems and leaves, is collected 
withinaseriesoflm><lmquadrats. 
Thedryweightmethodiscarriedout 
and average biomass calculated. 

Keyword defin it ions 
Di\"ersityisa generic termfor 
heterogeneity ( i.e. variation or 
variety). The scientific meaning of 
diversity becomes clear from the 
context in which it is used; it can 
refertoheterogeneityofspeciesor 
habitat,ortogeneticheterogeneity. 

A diversity index is a numerical 
measure of species diversity 
calculated by using both the 
number of species (species richness) 
and their relative abundance 
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• Comparisons can be made between areas containing the same type of 
organism in the same ecosystem. 

• A high value of D suggests a stable and ancient site, where all species have 
similar abundance (or 'evenness'). 

• A low value of D could suggest disturbance through, say, logging, pollu tion, 
recent colonisation or agricultural management, where one species may 
dominate 

• QUICK CHECK QUESTIONS 
15 OnehabitathasaSimpson'sindex 

of 1.83andanotherhasanindex 
of3.65. Whatdothesevaluestell 
you about each habitat? 

The table below contains data from two different habitats. Total number of species ( • 'species richness') and total 
number of individuals is the same in each case. Calculate the diversity of both habitats and comment on the 
differences between the habitats. 

Species found Number found in habitat X N umber found in habitat Y 

A 10 

10 

C 10 

D 10 36 

10 

N umber of species= 

N umber of individuals= 50 50 

The Simpson's index must be calculated for each habitat. This can be done using a table to calculate components of 
the index: 

Species Numbers (n ) found n (n - 1) 
in habit3t X 

A 10 

10 

C 10 

D 10 

10 

:En(n-1) 

Species diversity for each habitat· 
• HabitatX 

D = 50(49) = ~= 5.44 
450 450 

• HabitatY: 

D =50(49) =~= 1.88 
1300 1300 

10(9) • 90 

10(9) • 90 

10(9) • 90 

10(9) • 90 

10(9) • 90 

450 

What do these values say about each habitat? 
• Greater 'evenness' between species in habitat X 

N umbers (n ) found n(n - 1) 
in habitat Y 

3(2) • 6 

5(4) • 20 

2(1) • 2 

36 36(35) • 1260 

40)• 12 

Tu(n-1) 1300 

• Less competition due to non-overlapping niches in habitat X 
• One species does not dominate in X, reflecting greater habitat complexity/more niches. 
• Habitat Y - less complex with fewer/overlapping niches, where one species can dominate, leading to lower diversity. 
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EXAM PRACTICE 

5 Outline and evaluate a method for estimating the abundance of a named plant species in a named ecosystem. [3] 

6 Describeandevaluate amethodfor estimatingthe abundance ofrhinos inanAfricannationalpark. [4] 

7 a Explain why abundance of organisms might be of importance in estimating the diversi ty of an ecosystem. [2] 

b Explain how you would compare the diversity of two different ecosystems. [5] 

8 a Calculate the Simpson's diversity index for habitat B using data from the table below. Use the formula: 

D = N(N - 1) 
To(n - 1) 

I NUMBER OF INDIVIDUALS FOUND IN EACH HABITAT 

121 

~~~~~~ 
Species 1 25 50 80 97 

Species 2 25 30 10 

Species3 25 15 

Species 4 25 

Simpson's index(D) 4.13 1.37 1.04 

b i) Describe andexplainthe differences betweenthehabitatsshowninthe table. 

ii ) Suggestreasons forthe different va lues of Simpson's indexrecordedindifferenthabitats. 

Biomes 
Biome distribution depends on levels of insolation (sunlight ), temperature and 
precipitat ion(rainfall) 

Key word definition 
A biome is a collection of ecosystems sharing similar climat ic condit ions -
for example, tundra , tropical rainfores t, desert. 

Tab le 2.3 Biome distribution, structure and product ivity 

Biome 

Tropical rainforest 

Desert 

Distribution/cl imate 

Found between the Tropics 
of Cancer and Capricorn 
(23.5°Nand5ofequator) 

High ra infall(over2500 
mmyr- 1),sunlightand 
temperature 

No seasons, so consistent 
light and temperature 

lnbandsatlatitudesof 
approximately15-30°N 
andSofequator 

Lowrainfall(under 
250mmyr- i);high 
sunlight;veryhotin 
daytime andcoldatnight 

Structure 

Has a complex structure with a number of 
layersfromground leveltocanopy 

Has emergent trees up to SOm and lower layers 
of shrubs and vines 

Dense canopy means that only 1 % of sunlight 
mayreachthefloor;shrublayermaybesparse 
with most productivity in the canopy 

Soils are thin and nutrient poor 

Vegetation is scarce, with an absence of tall trees 

Manyxerophyticplants(i.e.adaptedtodryor 
desertcondit ions)suchascacti 

Soilhaslowwater-holdingcapacrtyandb.vfertilrty 

Soilerodeseasilyinthe wind 

Animals are adapted to desert conditions 

100 

1.00 

141 

f;§#@-

Relative productiv ity 

Veryhigh:mean 
net primary 
productivity(NPP)= 
2.20kgm-iyr- 1 

Very low: meanNPP= 
0.003 kgm-iyr- 1 
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Bio me 

Tundra 

Distribution/ cl imate 

High latitudes, adjacent to 
icemargms 

Low temperatures; low 
precipitation; seasonal 
sunlight and short day 
length 

Structure 

Has a simple structure 

Vegetationislowscrubandgrasses 

Vegetationlormsasinglelayer 

Anabsenceoftalltrees 

Frozen permafrost and soil limit productivity 

Re lative product ivity 

Low: mean NPP = 
0.14kgm-2yr-1 

Temperate forest Foundbetween40°and May contain seasonal (deciduous) trees, Medium: mean NPP = 
50° Nofequator evergreen(e.g.coniferoustrees)orboth; 1.20kgm-2yr-1 

Rainfall sufficient to 
establishforest(SOQ... 
lSOOmmyr-1)ratherthan 
grassland 

Temperatures and light 
intensityvarywithseason 

• QUICK CHECK QUESTIONS 

evergreen trees have thicker leaves or needles 
toprotectagainstthecold;deciduoustreeslose 
their leaves in winter 

Lesscomplexstructurethanrainforest,often 
dominated by one species 

Somelayeringofforest,althoughtallesttrees 
grow no more than around 30m 

Thelowerandlessdensecanopythanrainforest 
meansmorelightreachesforestfloor-growth 
ofrichshrublayer(e.g.brambles,grasses, 
bracken and ferns) 

03¥4G· 
16 State two factors that influence productivity. 
17 Explain how abiot ic factors determine the distribution of tropical ra inforest. 
18 Compare the structure of tundra and a named lo:al biome. 

Youneedtobeabletodiscussthe 
distribution, structure and relative 
productivity of tropical rainforests, 
deserts, tundraandoneotherbiome. 

EXAM PRACTICE 

9 Explain how different limiting factors will determine product ivi ty in two 
cont rastingbiomes. [4] 

10 Explainwhy productivity intundra is low. [3] 

11 Tropicalrainforesthasa meanNPPof 2.20 kg m-2yr-1,andtundra 
0.14kgm-2yr-1.w henNPP perkgbiomassper yeariscalculated, tropical 
rainforesthasavalueof 0.049,andtundraavalue of 0.233. Compareand 
explain these data. [4] 

Function 

The role of producers, consumers and 
decomposers 

Prod ucers make their own focxl (gluco,e) and convert (fix) inorganic molecules 
into organic molecules (see Figure 2.15). Plants, algae and some bacteria are 
producers 
• Photoo utotrophs (e.g. all plants) convert sunlight energy into chemical energy. 
• Chemoautotroph s (e.g. nitrifying bacteria) use chemical energy from 

oxidationreactionstocreateglucose. 

Producers support all ecosystems through cons tant input of energy and new 
biomass 

Consumers do not contain photosynthetic pigments (e.g. chlorophyll) 
and so cannot make their own fcxxl. They mus t obtain the energy, minerals 
and nutrients they need by eat ing other organisms. They are also known 
as heterotroph s. They pass energy and biomass through a food chain from 
producers through to top carnivores 

Keyword definition 
Ultitude is the angular distance 
from the equator (north or south of 
it) as measured from the centre of 
theEarth(usually in degrees). 

l;itittliillli I 

IMffillli I 



Decomposers obtain their fcxxl from the breakdown of dead organic matter. 
They include bacteria and fungi. Decomposers release nutrients ready for 
absorption by producers (Figure 2.15 ). They feed at each trophic level of a fcxxl 
chain and are essential for recycling matter, including elements such as carbon 
andnitrogen,inecosysteffi'l 

Ek>ments{e.g. c<1rbon,nitrogen) 
intheenvirooment 

{inot,}i!nkmok>cule5) 

Decomposers 

Elements in 
biomass 

{org;mkmolecules) 

Fig ure 2.15 The role of producers and decomposers in ecosystems 

• QUICK CHECK QUESTIONS 

19 Explain the differences between producers and consumers. 
20 Explain the role of producers and decomposers in ecosystems. 

Photosynthesis and respiration 

Photosynthesis (Figures 2.16 and 2.17) is the traruformation of light energy 
into the chemical energy of organic matter: 
• Carbon dioxide, water, chlorophyll and certain visible wavelengths of light 

(e.g. red and blue) are used to produce organic matter (glucose) and oxygen 
• The process is controlled by enzymes - warmer conditioru increase the rate of 

photosynthesis up to an optimum temperature 

a,bon dimide + wa<e< ---glucose+ oxygen 
I ""'· chlorophyll 

Fig ure 2.1 6 The word equation for photosynthesis 

light 

,hlorophy:c~ 
(glucose) 

6H10 

Fig ure 2.1 7 The chemical reactions of photosynthesis 

Respiration (Figure 2.18) is the breakdown of glucose using oxygen, releasing 
carbon dioxide, water and energy· 
• Stored chemical energy is transformed into kinetic energy and heat 
• Respiration carried out using oxygen is called aerobic respiration 
• Respiration carried out without oxygen is called anaetobic respiration, where 

carbon dioxide and other waste products are formed. 
• Energy is released in a form available for use by living organisffi'l, but is 

ultimately transformed into heat (second law of thermodynamics). 

I glucose+ oxygen ___. carbon dioxide+ water(+ ENERGY) I 

Fig ure 2.1 8 The word equation for respiration 
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Although respiration involves the 
releaseofenergy,energyisnot 
includedinthewordequation. 
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Table 2.4 Input, outputs and transformations of photosynthesis and 
respiration 

Process In puts Outputs Transformations 

Photosynthesis Sunl ight energy Glucose Light energy into 

Carbon dioxide Oxygen 
stored chemical 
energy 

Water 

Respiration Glucose Carbon dioxide Stored chemical 

Oxygen Water 
energy into 
kinetic energy 

Energy and heat 

Transfer and transformation of energy 

Energy enters the ecosystem a,; sunlight energy, is transformed into chemical 
energy/biomass, is then transferred between trophic levels by consumers and 
ultimately leaves the ecosystem a,; heat energy. 
• Very little of the available sunlight energy is used to make 

new biomass. 
• Producers are inefficient at converting sunlight energy into stored chemical 

energy(seeFigurel.19) 

wrong wavelength 
(ie.green) 

tran!imitted 
through 

leaf 

GPP-grO'lsprima,yproduction 

NPP-netplima,yproduction 

Only1%of 
ene,gyfromsunlight 
istumed intonew 
b1omass(NPP) 

Figure 2.1 9 The conversion of sunl ight energy into new biomass 
is inefficient 

In a food chain there is a loss of chemical energy from one trophic level to 
another. Ecological efficiency is the percentage of energy transferred from one 
trophiclevel to the next. 
• Efficiencies of transfer are low and account for energy loss, varying from 5% 

to 20% with an average of 10%. 
• Energy is lo.t through movement, inedible parts (e.g. bone, teeth, fur), 

faeces, and ultimately as heat through the inefficient energy conversions of 
respiration (second law ofthermcdynamics) 

• Overall there is the conversion of light to heat energy by an ecosystem 

U,@ij, 
All organisms respire-bacteria, 
protoctists(e.g.algae),fungi,plants 
and animals. 

Makesureyouunderstandthe 
difference between storages and 
flows of energy: 

• Storages of energy are shown as 
boxes,representingthevarious 
trophiclevels,and measured as the 
amountofenergyorbiomassper 
unit area. 

• Flmvsofenergyorproductivityare 
givenasrates(i.e.inclusiveoftime), 
forexampleJm-1day-1. 



• Energy is converted from one form to another but cannot be created or 
destroyed (first hw of thermodynamics) 

• Inputs of the system as a whole, and of any individual trophic level, equal the 
outputs. 

"'" irm>kltioo 

Transfer and transformation of materials within 
an ecosystem 

Materials such as carbon, nitrogen and water are cycled within an ecosystem 
These cycles involve transfer and transformation processes including the 
conversion of organic and inorganic storages (see Figure 2.15) 

The cycles shown here (Figures 2.21, 2.22 and 2.24) illustrate the different 
wayscyclescanberepresemed 

Carbon cycle 

Figure2 .21 The carbon cycle 
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Figure 2.20 Diagram showing the 
transfersandtransformationsofenergy 
asitflowsthroughanecosystem. 
Arrows showing flows of energy vary in 
width, proportional to the amount of 
energy being transferred 
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Tab le 2.5 Transfers and transformation processes in the carbon cycle 

Transfers 

Feedingonplantmaterialbyherbivores 

Feedingonherbivoresbycarnivores 

Feeding on dead organisms by decompose~ 

COi from atmosphere dissolves in rainwater 

COi from atmosphere dissolves in oceans 

Nit rogen cycle 

Figure2 .22Thenitrogencycle 

The nitrogen cycle involves four different types of bacteria: 

Transformations 

Photosynthesis(C01 into glucose) 

Respiration (organic matter into C01) 

Combustion (organic matter into COi) 

Biomineralisation (COi into calcium c.arbonate) 

Incomplete decomposition and fossilisation 

• Nitrogen fixing - nitrogen from atmosphere converted into ammonium ions 
• Nitrifying - ammonium ions converted into nitrite and then nitrate 
• Denitrifying - nitrates converted into nitrogen. 
• Decomposers - break down organic nitrogen into ammonia - deamination 

Tab le2 .6Transfersandtransformationprocesses in the nitrogen cycle. 

Transfers 

Feedingonplantmaterialbyherbivores 

Feedingonherbivoresbycarnivores 

Feedingondeadorganismsbydecomposers 

Absorptionofnitratesbyplants 

Nutrient cycles 

Transformations 

Nitrogen fixation 

Nitrification 

Oenitrification 

Oeamination 

Nutrient cycles can be drawn as simple diagrams, showing the storages and flows 
of nutrients. Figure 2.23 shows the differences in storages and flows of nutrients 
in two contrasting ecosystems 

Fig ure 2.23 Diagrams showing the major nutrient flows and storages in two 
different ecosystems. The size of the boxes and width of the arrows are 
proportional to the size of the storages and flows they represent 



Wat e r cycle 
The hydrological cycle is the cycle of water between the atmosphere, 
lithosphere and biosphere. (All figures are in !OJmJyrl.) 

Figure2.24Thehydrologicalcycle 

Table 2.7 Transfers and transformation processes in the water cycle 

Transfers 

Precipitation 

Run off 

Absorption by plants 

• QUICK CHECK QUESTIONS 

Transfo nnatio ns 

Evaporation 

Transpiration 

Condensat ion 

21 Explain the differences between photosynthesis and respiration. Use the terms 
transfer and transformation in your answer. 

22 Outline the transfer.; and transformations of energy as it flows through an 
ecosystem. 

23 Explain the term ecological efficiency. 
24 State two transfers and two transformations in the carbon cycle. 
25 Using a diagram, show how nitrogen is cycled through an ecosystem. 
26 Oudine the transfers and transformations of water~ it cycles through an ecosystem. 

Gross productivity, net productivity, primary 
productivity and secondary productivity 

Key word definitions 
Gross productivity (GP) is the total gain in energy or biomass per unit area 
per unit time, which could be through photosynthesis in primary producers 
or absorption in consumers. 

Net productivity (NP) is the gain in energy or biomass per unit area per unit 
time remaining after allowing for respiratory losses (R). 

Primary productivity is the gain by pro.:lucers in energy or biomass per unit area 
per unit time. This term could refer to either gross or net primary pro.:luctivity. 

Secondary productivity is the biomass gained by consumers (heterotrophic 
organisms), through feeding and absorption, measured in units of mass or 
energy per unit area per unit time. 
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Ui¥41D· 
Productivity is production per unit 
time. You must include units when 
defining it. 



26 Environmental systems and Societies for the 18 Diploma 

Gross primary productivity and net primary 
productivity 

Keyword definitions 
Gross primary productivity (GPP) is the total gain in energy or biomass per 
unit area per Wlit time fixed by photosynthesis in green plants. 

Net primary productivity (NPP) is the gain by producers in energy or 
biomass per unit area per unit time remaining after allowing for respiratory 
losses (R). This is potentially available to consumers in an ecosystem. 

NPP=GPP-R 

(whereR=respiratorylms) 

Fig ure2 .25Equationfornetprimaryproductivity 

NPP is the rate at which plants accumulate new biomass. It represents the 
actual store of energy contained in potential fcxxl for consumers. NPP is easier 
to calculate than GPP a'i biomass is simpler to measure than the amount of 
energy fixed into glucose 

Gross secondary productivity and net secondary 
productivity 

Keyword definition 
Gross secondary productivity (GSP) is the total gain by consumers in 
energy or biomass per unit area per unit time through absorption 

• Much of the biomass eaten by consumers is absorbed (e.g. through the guts of 
animals) and converted into new biomass within cells 

• Consumers do not use all the biomass they eat. 
• Some energy passes out in faeces and excretion. 
• Only the biomass remaining can be used by the consumer (GSP). 

Key word definition 
Net secondary productivity (NSP) is the gain by consumers in energy or 
biomass per unit area per unit time remaining after allowing for respiratory 
losses(R) 

• Some of the biomass absorbed by animals is used in respiration. 
• The energy released is used to support life processes 
• The remaining energy is available to form new biomass (NSP). 
• This new biomass is then available to the next trophic level. 

GSP: foo.:l eaten - faecal loss 

NSP:::GSP-R 

(whereR=respiratoryloss) 

Figure2 .26 EquationsforGSPand NSP 

• QUICK CHECK QUESTIONS 

27 Distinguish between primary productivity and secondary productivity. 
28 Outline how you would calculate net primary productivity. 
29 Explainthedifferencesbetweengrosssecondaryproductivityandnet 

secondary productivity. 



EXAM PRACTICE 

12 a Suggesthowthedifferencesinthesizeofcomparablestoragesofthe 
two ecosystems shown in Figure 2.23 (page 24) can be explained in 
termsoftheirdifferentclimates. [7] 

b Draw a labelled flow diagram showing the flows and storages of 
inorganicnitrogenthatnormallyoccurwithinsoil.Showonyour 
diagram how these flows provide a link between the storages of dead 
organic matter and biomass. [3] 

13 Explain the relationship between climate and net primary prcxluctivity in 
twocontrastingbiomesyouhavestudied. [7] 

14 State the two factorsthatwouldneedtobemeasuredinorderto 
estimatethegrossproductivityofananimalpopulationingm-2yr-1 . 

Changes 

Limiting factors and carrying capacity 

Limiting factors restrict the growth of a population or prevent it from 
increasingfunher. 

121 

• Limiting factors in plants include light, nutrients, water, carbon dioxide and 
temperature. 

• Limiting factors in animals include space, food, mates, nesting sites and water. 

When a graph of population growth is plotted against time, an S-population 
curveisgenerallyproduced(Figure2.27). 

--- Carryiogcapacity(K) 

Populatioo 

Figure 2.27 Population growth curve controlled by limiting factors 

• There is slow initial growth when the population is small (point I in 
Figurel.27) 

• With low or reduced limiting factors the population expands exponentially 
into the habitat (point 2, Figure 2.27). 

• As a population grows then there will be increased competition between the 
individuals of that population for the same limiting factors, i.e. resources. 

• This results in a lower rnte of popubtion increase (point 3, Figure 2.27). 
• Population reaches its carrying capacity, fluctuating around a set p:>int 

determined by the limiting factors (point 4, Figure 2.27) 
• Changes in limiting factors cause the population size to increase and decrease 
• Increases and decreases around the carrying capacity are controlled by 

negative feedback mechanisms. 

• QUICK CHECK QUESTIONS 
30 Define the term carrying capacity. 
31 Explain why populations fluctuate around a set point. 
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Keyword defin it ion 
Carrying capacity is the maximum 
number of a species or 'load' that 
can be sustainably supponed by a 
given environment. 



28 Environmental systems and Societies for the 18 Diploma 

5- and J-population curves 

S-pop ulation curve 
Figure 2.27 shows an S-population curve. The curve shows the establishment of a 
population following introduction into a new environment. There are fOJr stages: 
• Lag phase, where population numbers are low leading to low binh rates 

(point I, Figure 2.27) 
• Exponential growth stage, where limiting factors are not restricting the 

growth of a population (point 2, Figure 2.27). 
• Transitional phase, as limiting factors begin to affect the population and 

restrict its growth (point 3, Figure 2.27). 
• Plateau phase, where limiting factors restrict the (X)pulation to its carrying 

capacity ((X)UU 4, Figure 2.27). Changes in limiting factors, predation, 
disease and abiotic factors cause populations to increase and decrease around 
the carrying capaciry (K) 

J-population curves 
J-population curves show only exponential growth. Growth is initially slow but 
becomes increasingly rapid, and does not slow down as population increases (see 
Figure2.28). 

_,J J 
~'~ 

Time 

Figure 2.28 J-population growth curve 

• The population is not controlled by limiting factors in the exponential 
growth phase 

• After reaching its peak value, the (X)pulation will suddenly decrease (dotted 
line onFigure2.28). 

Populations showing J-shaped curves are controlled by abiotic but not biotic 
factors. Abiotic factors cause the sudden decrease in the population (the 
population crash ). 

• QUICK CHECK QUESTIONS 

32 Outline the stages of an S-population growth curve. 
33 Explain the differences between S- and J-population growth curves. 

Density-dependent and density-independent 
factors 

• Density-dependent factors are limiting factors that are related to (X)pulation 
density. They are biotic factors (e.g. competition for resources) that limit 
population growth. 
D Internal density-dependent factors might include fenility or size of 

breeding territory 
D External density-dependent factors might include predation or disease. 

• Density-independent factors are abiotic and do not depend on the size of the 
population 

Densiry-dependent factors operate as negative feedback mechanisms leading to 
stability or regulation of the (X)pulation 

i@if@-

Keyworddefinltion 
K-strategist sarespeciesthat 
usually concentrate their 
reproductive investment in a 
small number of offspring, thus 
increasing their survival rate 
and adapting them for living in 
long-term clim3){ communities 



When the population growth of a species is determined by limiting factors 
it reaches a carrying capacity, K. Populations of these K-selected species, or 
K-strategists, are controlled by density-dependent factors. Examples include 
elephants, humans and whales. 

Other species have high reproductive (r) rates and are known as r-selected 
species or r-strategists. They are controlled by density-independent factors. 
Examples include house flies, cockroaches and mosquitoes 

Table 2.8 Comparison of r- and K-strategist species 

,-strateg ist K-st rateg ist 

Smaller in size Larger in size 

Early maturity and reproduction Latematurityanddelayedreproduction 

Littleornoparentalcare Large amount of parental care 

Large number of offspring Few offspring 

Little investment in individual offspring Highinvestmentinindividualoffspring 

Rapid growth and development Slow development 

Shorter life Longer life 

Thrive in unstable environments Thriveinstableenvironments 

J-population growth curve S-population growth curve 

Generalist species Specialist species 

Survivorship curves 

Survivorship cun·es plot the number of offspring surviving in a population 
over time. They show changes in survivorship over the lifespan of the species. 
lime is shown as percentage of the total lifespan (x-axis). The y-axis (number of 
survivors) is shown as a logarithmic scale (i.e. increase is not linear but 1, 10, 100, 
etc. ). This allows very large values to be shown on the same graph as very small 
values 

Factors that affect survivorship include: 
• competitionforresources 
• predator-preyrelationships 
• amount of parental care 

Survivorship curves for r-selected species show most individuals dying 
at a young age but those that survive are likely to survive for a long time 
(Figure2.29). 

""=~ 
'Yo lifespan 

Figure2.29Survivorship curveforr-selectedspecies 

Survivorship curves for K-selected species show almost all individuals 
surviving for their potential life span, and then dying almost simultaneously 
(Figure2.30). 
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Key word definition 
r-strategistsarespeciesthat 
tendtospreadtheirreproductive 
investment among a large number 
of offspring so that they are well 
adap ted to colonise new habitats 
rapidly and make opportunistic use 
of short-lived resources. 

·tfiitt¥- I 
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"'~~ 
o/,lifespan 

Figure2.30Survivorship curveforK-selectedspecies 

Many species lie betv.1een the extremes shown by r· and K-strategist species, and 
are known as C-strategists or C-selected species. These are shown by the straight 
linesinFigures2.29and2.30. 

• QUICK CHECK QUESTIONS 

34 Outlinethedifferencesbetweenr-strategistandK-strategistspecies. 
35 Sketchthesurvivorshipcurvesforr-strategistandK-strategistspecies. 

Succession and zonation 

Success ion 

Keyword definition 
Succession is the orderly process of change owr lime in a community. Changes 
in the community of organisms frequently cause changes in the physical 
environment that allow another community to become established and 
replace the former through competition. Often, but not inevitably, the later 
communities in such a sequence or sere are more complex than those that 
appear earlier. 

Figure 2.31 Succession in a sand dune ecosystem. The x-axis represents either 
time or distance from the sea . A is a pioneer commun ity and Ba cl imax 
community 

Table 2.9 Comparison of pioneer and climax communities 

Pioneer commun ities Climax communities 

Keyword definition 
A sere is the set of communities 
that succeed one another over 
thecour:seofsuccessionata given 
location. 

Keyword defin ition 
A climax community is a 
community of organisms that 
ismoreorlessstable,andthat 
is in equilibrium with natural 
environmental conditions such 
as climate. It is the end point of 
ecological succession 

Contain the first organisms to colonise a new environment The end-point of ecological succession 

Dominated by r-strategists Dominated by K-strategists 

Simple in structure "~th low diversity Complex in structure \\~th high diversity 

Tolerate harsh conditions, e.g. strong light,1ow nutrient levels Characteristics determined by climate and soil 

Example: community of lichens covering bare rock Example: mature rainforest ecosystem 



Examples of succession, from pioneer community to climax commWlity, are 
shown in Figures 2.32 and 2.33. 

I aquatic plants (e.g. water lilies)-+ reeds-+ low wcxx:lland species (e.g.willow) I 

Fig ure2 .32Successioninfreshwater 

I m05Ses and lichens-+ grasses and herbs-+ shrubs (e.g. birch)-+ wcxx:lland I 

Fig ure2 .33Succession inan abandoned quarry 

Zonation 

Fig ure 2.34 Zonation of vegetation on a mountain 

CASE STUDY 

MOUNT KINABALU, BORNEO 
Mount Kinabalu in Malaysian north Borneo is an example of altitudinal zonation 
where plant communities vary from tropical rainforest at low levels to alpine 
communities near the summit. Zonation is caused by changes in temperature, 
from 26°( in the rainforest zone to 0°c at the summit. 

• QUICK CHECK QUESTIONS 

36 Define the term succession. 
37 Distinguish between the terms succession and zonation. 
38 Define the term climax community. 
39 Outline the differences between pioneer and climax communities. 
40 Give an example of a success.ion. How would this succession change CNertime? 
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Keyword definition 
Zonation is the arrangement or 
patterning of plant communities 
or ecosystems into parallel or 
sub-parallel bands in response 
tochange,ot'eradisrance, in 
some environmental factor. The 
main biomes display ronation in 
rebtion to latitude and climate 
Pbnt communities can also 
display zonation with altitude on a 
mountain, or around the edge of a 
pond in relation to soil moisture 

Ui¥@H 
The concept of succession, occurring 
oo1¥time,shouldbecarefully 
distinguishedfromtheconceptof 
zonation,whichrefer.;toaspatia/ 
pattern. An exam question may ask 
you to distinguish between the two. 

lfyouareaskedtogiveanexample 
of a succession, include organisms 
from a pioneer community, the climax 
communilyandtheseralstagesin 
between. 
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Changes through a succession 

Table 2.10 shows the changes that occur though a succession, from point A 
through to Bin Figure 2.31 (page 30). 

i@if@-

Table 2.10 Features of an ecosystem at early and late stages during t he process of success ion 

Pio neer community 

Amo unt of organic matter Small 

Soil depth Shallow 

Soil quality Immature/little organic material 

Nutrients External 

Nutrient cycles Open system 

Nutrient conservatio n Pom 

Role of detritus Small 

Stability Pom 

Niches Wide 

Species richness L= 

Diversity L= 

Size of organisms Small 

Life cycles Simple 

Growth form r-selectedspecies 

Productivity also changes through a succession: 
• In pioneer communilies, gross productivity is low due to the initial conditions 

and the low density of producers. The prop:mion of energy lo,t through 
community respiration is also relatively low. Net productivity is therefore 
high: the system grows and biomass accumulates 

• In later s1ages there is an increased consumer community. 
• In climax communities gross productivity may be high, but this is balanced 

by respiration. The prod uction:respiration (P:R) ratio is a meru;ure of 
productivity relative to respiration. Net productivity approaches O and the 
P:R ratio approaches I 

Climax communities 

Climax co mmunity 

Large 

Drep 

Mature/much organic matter 

Internal 

Closed system 

Good 

Large 

Good 

Narrow 

High 

High 

Large 

Complex 

K-selectedspecies 

HOU:i::H,l::ibM i 
ltisnotenoughtosaythat 
'productivity increases through a 
succession'.GPPincreasesbutNPP 
decreases as community respiration 

Climatic and edaphic (soil) factors determine the nature of a climax community. 
Climax communities are more stable than earlier seral stages because: 
• they contain more complex food webs - this provides more stability because 

if one organism goes extinct it can be replaced by another 
• negative feedback mechanisms lead to steady-state equilibrium 
• each seral stage helps to create a deeper and more nutrient-rich soil, so 

allowing larger pbnts to grow 
• a climax corrununity is more productive, providing more energy to suppon 

consumers and decomposers 
• increased biomass leads to an increased number of niches, which increases 

species and genetic diversity, resulting in greater stability. 

Human factors frequently affect this process through, for example burning, 
agriculture, deforestation, hunting, gra:ing and habitat clearance. Disturbance 
stops the process of succession so that the climax community is not reached 
Interrupted succession is known as a plagioclimax. Human activity can have 
various effects on climax communities: 
• Decreru;e in productivity through the removal of primaty producers 



• Reduction in producer.., leading to reduced habitat diversity and fewer 
niches, which threatens more specialised species. 

• Deterioration in abiotic factors, leading to harsher condi tions that fewer 
species can adapt to. 

• Species extinction, leading to shorter food webs 
• A less complex community, leading to decreased stability. 

Figure2 .36 Interrupting a succession through human activity 

EXAM PRACTICE 

15 Comparethestrategiesthatpioneerspeciesandclimaxcommunity 
speciesarelikelytohaveintermsofspecificgrowthrate,parentalcare 
and competitive advantage. 

16 Explain what is meant by the terms ecological succession, pioneer 
community and climax community. 

17 Describeandexplainhowgrossprimaryproductivitychangesduringthe 
stages of succession. 

18 Distinguish between the terms succession and zonation. 

Measuring changes in the system 

Measuring changes along an environmental 
gradient 

141 

161 

161 
161 

Ecological gradients are found where two eco,ystems meet or where an 
ecosystem ends. Abiotic and biotic factors change along an ecological gradient 
(see pages 14-16 for a review of sampling techniques). 

Transects are used to measure changes along the gradient, which ensures that 
allparuof thegradientaremeasured(Figure2.37): 
• The whole transect can be sampled - a continuous transect - or samples can be 

taken at points of equal distance along the transect - an interrupted transect 
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• A line transect is the simplest transect, where a tape measure is laid out in 
the direction of the gradient. All organisms touching the tape are recorded 

• A belt transect allows more samples to be taken - a band usually between 
0.5m and 1 m is sampled along the gradient. 

Figure 2.37 Sampling along an environmental gradient on a shingle ridge 
succession. A tape measure is laid out at 90° to the sea and abiotic and biotic 
factors measured at regular intervals along it 

Quad rats can be used to sample at regular intervals along a transect 
(see page 16 for further information) 
• Frame quadrats are empty frames of known area (e.g. 1 ml). 
• Grid quadrats are frames divided into 100 small squares 
• Point quadrats are made from a frame with 10 holes, insened into the ground 

by a leg (see Figure 2.38). They are used for sampling vegetation that grows 
in byers. A pin is dropped through each hole in tum and the species touched 
are recorded. The total number of pins touching each species is converted to 
percentage frequency data (i.e. if a species touched 7 out of the 10 pins it has 
70%frequency). 

Zonation can be measured by recording biotic and abiotic factors at fixed 
heights along a transect: 
• A cror.s staff is used to move a set distance (e.g. 0.6 m) vertically up the 

transect(Figurel.39) 
• The ,raff is set vertically and a point measured horizontally from an eye-sight 

0.6m from the base of the staff. 
• Biotic and abiotic factors are measured at each height interval. 

- . 

J,L.::·· . . . . .. 
\ ... :,.h ::",j(;, ,_, .:·. 

Figure2 .38Apointquadratbeing 
used to measure. 

• QUICK CHECK QUESTIONS 

41 What is meant by the term ecological gradient. 
42 Outline how you would measure changes in abiotic factor., along an 

environmental gradient. 
43 Describe t hree different methods for recording biotic factor5 along a belt 

transect. 
44 Describe how you would collect data to show zonation in an ecosystem. 

Studying both bioticandabiotic 
factor.,allowsresearchquestions 
such as how do abiotk factors affect 
thedistributionoforganismsin 
ecosystems?Differentspeciescan 
be expected to be found at different 
locationsalongthegradientas 
they \\~II be adapted to different 
conditions. 

13 luU:i i:YtribM i 
Do not confuse the terms biotic and 
abiotic-bioticreferstotheliving 
partsoftheecosystemandabioticto 
the non-living parts. 

Figure2.39Acrossstaffbe ing used 
torelocatequadratsat regular height 
intervals along a rocky shore. This 
allows zonation on the shore to be 
studied . 



Measuring changes due to a specific human 
activity 

Human activities can change abiotic and biotic components of an ecosystem 
Human impacts include toxins from mining activity, landfills, eutrophication, 
effluent, o il spills and overexplo itation. 

CASE STUDY 

DEFORESTATION IN THE AMAZON 
Scientists are measuring the effects of human activity on the Amazon ra inforest. 

• Loggingi5causinglargeareasofforesttobelost. 
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• Deforestation is being carried out to provide timber, and to clear land for agriculture and housing. 

• Remaining areas can become fragmented, forming islands of habitat. 

Satellite photos can be used to monitor the amount of deforestation taking place. 

• This method is very reliable, can cover a large area, and monitors change over time. 

• The visual impact of the photos is useful for motivating action against logging. 

Figu,.2AO SatellitephotoshowingdeforenationintheAmazonrainto,en 

Abiotic and biotic factors can be measured: 

• These must be taken in both undisturbed and disturbed habitats so that comparisons can be made. 

• Habitat islands of different sizes will have different environmental conditions, and so a variety of different-sized patches 
must be measured. 

• Samplesmustberepeatedsothat dataarereliable. 

• Abioticfactorscanincludetemperature, humidity and sunlight. 

• Biotic factors can include the species of plants and animals present, and the population size of selected 
indicator,pecies. 

• Where environmental gradients are present, factors must be measured along the full extent of the gradient so that valid 
comparisons can be made. 

• Factors must be measured over a long period of time to take into account daily and seasonal variations. 

• See pages 14---16 for description and evaluation of methods for measuring abiotic and biotic factors. 
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Environmental impact assessments 

Keyword definition 
An environmental impact assessment (EIA) is a method of detailed survey 
required, in many countries, before a major development. Ideally it should be 
independent of, but paid for by, the developer. It should include a baseline 
study, and monitoring should continue after completion of project 

An EIA is carried out before a development project or large change in the way 
an area of land is used. It includes a OOseline study to measure environmental 
conditions before development commences, and to identify area<; and species 
of conservation importance. The baseline study is used to try to foreca<;t what 
changes might be caused by the development and includes measurement of 
abiotic components, biodiversiry, aesthetic aspects (e.g. scenery) and human 
populations in the area. It identifies possible impacts, predicts the scale of 
potential impacts and finds ways to lower the impacts 

The resulting report is known a,; an environmental impact statement (EIS) 
or environmental management review in some countries. A non-technical 
summary is also produced so that the general public can understand the issues. 

Development projects include: road corutruction, hydroelectric power 
plants, river dams, airports, new housing, mines and brown field development 
Monitoring should continue for some time after the development.The purpose 
of an EIA is to weigh the advantages and disadvantages of the proposed 
development before the project proceeds 
• This aids in the planning of the development 
• It helps to understand the environmental impact that a project might have 

beforeitisputintoplace 
• It helps to determine ways to minimise the damage done to the environment. 
• It helps to support the goal of sustainable development. 
• It investigates economic benefits and other positive impacts of the project. 

CASE STUDY 

LONDON 2012 

i@if@-

An EIA was carried out to assess the impacts of the London 2012 Olympics on the area of east London where the Olympic 
Park was to be built. The EIA was structured to address the environmental effects resulting from development of the Olympic 
Park.ltwasdividedintofourphases: 

• Olympic and Paralympic Construction, 2007-2011 

• The period during the Olympic and Paralympic Games, 2012 

• Olympic Legacy Transformation, 2013-2014 

• Olympic Legacy, 2015~2021. 

The environmental effects were a,sessed for each of these phases against a baseline, which represented the conditions on the 
site if the London 2012 Games had not taken place. 
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The EIA identified the likely impacts of the development and proposed measures to reduce or offset adve~e effects 
(mitigation measures). For example, during the construction phase, it was predicted that construction traffic would affect the 
flowoftraffic,airquality, noiselevelsandthegeneralcharacteroftheareaaroundthesite. 

It was proposed that these problems would be reduced by limiting and controlling times when construction traffic was active, 
using a waste management strategy that limited the amount of waste being transported, and using local waterways to move 
materialonandoffthesite. 

A seven-point scale was used to assess the environmental impacts (Table 2.11): 

1 =major adverse 

2:moderateadverse 

3:minoradverse 

4:neutral 

5:minorbeneficial 

6 = moderate beneficial 

7=majorbeneficial. 

Conclusions about environmental impacts a,sumed that proposed mitigation measures had been put into place. 

T•bki2.11 Theove,allu"""'1entsofenvi,onmentaleffects.usingthe""'en.pointsc.ale 

ASSESSMENT PERIOD 

ENVIRONMENTAL 2007-2011 2012 2013-2014 2015-2021 
IMPACT 

Traffic and transport: 
highways 3 
public transport 213 
walking and cycling 415 

Energy: 
energy infrastructure 
energy demand 
carbon emissions 
heat island effect 

So::io-economicand 
community: 
employment 
sport and leisure 
retail 
culture 
health 

Visual effects 

Soil conditions, 
groundwater, 
contamination 

Water: 
water quality 
aquatic ecology 
hydrology 
flood risk 

Terrestrialecologyand 3 
nature conservation 

Air quality 

2 
314 
213 

f;] 

7 
s 
7 
6 

4 
5/6 
6 

415 
415 
7 

Overall, by the final stage of the development, all environmental effects were predicted to be neutral or better, with major 
benefits for walking and cycling, sport, leisure and culture. 

In May 2009, the Olympic Board stated that London 2012 had a clear policy for alleviating the impacts of manufacture, 
supply, use and disposal of material for the 2012 Olympic Games. The design of the Olympic Park therefore ensured that the 
environmental impacts were minimised. 
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• QUICK CHECK QUESTIONS 

45 Outline how human activities can change the abiotic and biotic components 
of an ecosystem. 

46 Describe and evaluate methods for measuring changes in abiotic and biotic 
components of an ecosystem due to a named specific human activity. 

47 Describe the stages of an environmental impact assessment. 
48 Describe and evaluate the use of environmental impact assessments. 

EXAM PRACTICE 

19 a Describe how changes in species composition along an environmental 
gradientmight affecta namedabiotic factor. [2] 

b Outlineand evaluate methcxls, whichyoucoulduse inthefield, 
togatherevidence for i)species compositionand ii) your 
suggestion in a. [6] 

20 Describeamethcxlformeasuringchangesinabioticcomi:xmentsin 
a namedecosystemaffectedbyhumanactivity. [5] 

21 a Suggesttwo characteristics of speciesthatusually makethem 
suitablefor samplingwithquadrats. [2] 

b Explainhowyoumightensurethatthe quadratswereplaced 
at random. [2] 

22 a Definetheterm envfronmental impactassessment. [2] 

b When a new airixirt is proposed, an environmental impact 
assessment (EIA) will be commissioned. Describe the stages 
ofanEIA. [3] 



Human population, carrying 
capacity and resource use 

Population dynamics 

The nature and implications of exponential 
growth in human populations 

• The world's popubtion has grown rapidly or exponentially. Mo,t of this 
growth is quite recent and much of it has been in south and east Asia 

• Rapid growth is likely to take place until at least 2050. Global fX>PUbtion 

doubled between 1650and 1850, 1850 and 1920, and 1920 and 1970. lt is 
thus taking less time for the population to double. 

• Up to 95% of popubtion growth is taking place in less economically 
developed countries (LEOCs). However, the world's population is expected 
to stabilise at about 12 billion by around 2050---80. 

Figure 3.1 shows that in most regions population change increa'ied between 
1930 and 1960, and again between 1960 and 1990. The exceptions were North 
America and Europe. In contrast, the projected changes for 1990-2020 show 
that {X}PUlation growth rates will fall in all regions, notably South America, 
Asia and Australasia. 

Population growth am lead to: 

• great pressures on governments to provide for their people 
• increased pressure on the environment 
• increased risk of famine and malnutrition 
• greater differences betv.1een the richer coW1tries and the poorer countries 

Figure 3.1 Exponential growth of the world's populat ion, 1750-2050 

i@i@-
Keyword definition 
Exponential growth is an 
increasing or accelerating rate of 
growth,sometimesreferredtoasa 
J-shaped or J·population curve 

If you can refertopart1culardatesand 
population5izes-forexample, the 
world's population reached 7 billion in 
2011-thatwillgainyouextracredil. 

13 l::U:i Hl::ibM i 
The world's population is not 
currently undergoing exponential 
growth - ii is slowing down - more 
of an S-populationcurvethan a 
J-population curve. 

Europe 
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Birth rate, crude death rate, fertility, doubling 
time and natural increase rate 

Natura l increase or the annual growth rate is found by subtracting the crude 
death rate (%o - per thousand) from the crude birth rate (%o) and is then 
expressed a,; a percentage(%): 

natural increase(%) birth rates per 1000 ~
0
death rates per 1000 

Highest growth rates are found in Africa, while lowest growth rates are in 
North America and Europe. 

Doubling time is the length of time it takes for a population to double in size, 
assuming its natural growth rate remains constant. Approximate values for it 
can beobtainedbyusingtheformula· 

doubling time (years)= growth rate:~ percentage 

Life expectancy (!;,) is the average number of years that a person can be 
expected to live, usually from birth, if demographic factors remain unchanged. 

Tab le 3.1 Selected population indicators 

Key word definition~ 
Crude birth rate (CBR) is the 
number of live births per 1000 
people in a p:>pulation 

Total fertility rate (TFR) is the 
average number of births per 1000 
women of childbearing age 

C rude dea th rate (CDR) is the 
number of deaths per HXXl people 
in a population 

lnfantmortality rate(IMR)is 
the number of deaths of children 
less than 1 year old per 1000 live 
births. 

___________________ liblm44Gllll!·IIIIIIIIIIII UK Ch ina Brazil Ethiopia 

CBR (%.) 12.27 12.31 

TFR(%.) 1.91 1.55 

CDR ('Y .. ) 9.33 7.17 

IMR (%.) 4.56 15.62 

Lifeexpectancy(years) 80.17 74.84 

Grow th rate(%) 0.29 0.51 

17.48 

2.16 

6.38 

20.50 

72.79 

1.11 

42.59 

5.97 

10.79 

75.29 

56.56 

3.18 

When describing a map of global 
variations inbirthratesorfertility 
rates, look out for the highest, lowest, 
trendsandexceptions.Also,make 
sureyouusethekey,andgivesome 
examples of each. 

HOulr:IUrl::ifiMi 
Doubling t ime (years) 241 137 64 22 
------------------- Crudebirthratesandcrudedeath 

Factors affecting birth rates and fertility rates 
Changes in birth rates and fertility rates are a combination of 00th socio­
cultura l and economic factors 
• In countries where the status of women is low and few women are educated 

or have paid employment, birth rates are high 
• In countries, such as Singap:>re, where the status of women has improved, the 

birthratellil'lfallen. 
• In general, the higher the level of parental education, the fewer the children. 

The high ca;t of children in a wealthy society helps to explain the falling 
birth rates in rich countries. 

• The role of religion in relation to fertility rates is commonly confused. In 
general, mo,t religions are pro-natalist, i.e. they favour large families. 

• Economic prosperity favours an increase in the birth rate, while increasing 
costs lead to a decline in the birth rate 

• High infant mortality rates increase the pressure on women to have more 
children. Such births are termed replacement birth s or compensatory births 
to offset the high mortality losses. 

• In some agricultural societies, parents have larger families to provide laOOur 
for the farm and as security for the parents in old age. 

ratesarecalledcrudebecausethey 
donottakeintoaccounttheage 
structure of a population. 
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Patterns of mortality 
• At the global scale, the pattern of mortality in rich countries differs from that 

in poor countries 
• In rich countries, as a result of better nutrition, health care and 

environmental conditions (housing, safe water, proper sanitation), the 
death rate llil'i fallen steadily, with very high life expectancies (75+years) 

• In many of the very poor countries, high death rates and low life expectancies 
are still corrunon, although both have shown steady improvement over 
the past few decades. This trend, unfortunately, has been reversed as a 
consequence of AIDS in some parts of the world, especially sub-Saharan 
Africa and Russia 

• Some ix,pulations, such as those in retirement towns and especially in the 
older industrialised coW1tries, have very high life expectancies and this in 
tum results in a rise in the CDR. Countries with a large proponion of young 
people will have much lower death rates 

• QUICK CHECK QUESTIONS 

Approximately what was the world population in a) 2000 and bl 2010? 
Fromthedataprovidedinthetablebelow,statethenaturalincreaseandthe 
doubling time for Afghanistan and the USA. 

Afghanist an USA 

Birthrat e(%.) 39.30 13.68 

Death rat e(%.) 14.59 8.39 

Natural increase(%) 

Doubling time(yearsl 

Age-sex (population) pyramids 

Population structure or composition refers to any measurable characteristic of 
the population. This includes the age, sex, ethnicity, language, religion and 
occupation of the population. Population pyramids tell us a lot of information 
about the age and sex structure of a population: 
• A wide bas;e suggests a high binh rate. 
• A narrowing base indicates a falling birth rate 
• Straight or near vertical sides shows a low death rate 
• A concave slope suggests a high death rate. 
• Bulges in the slope indicate high rates of in-migration (for instance, excess 

elderly, usually female, will indicate retirement resorts; excess males aged 
lQ.....35 years will be economic migrants looking for work) 

• Deficits in the slope show out-migration or age-specific or sex-specific deaths 
(war,epidemics). 

Population pyramids (see Figure 3.2) are imponant because they tell us about 
population growth. They help planners to find out how many services and 
facilities, such as schools and hospitals, will be needed in the future 

tiffltffl:- I 
Key word definition 
Age-sexpyramidsarebargraphs 
thatshowtherelativeorabsolute 
amount of people in a i:opulation 
atdifferentagesandofdifferent 
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Germany: 2000 

.""-C-~-~-~.~-~i~ery-,;~f~ig~j~~s~~r~~~~at~-.~----, f.f~~ :.!. 

decline in .,_ 
birthrate 

Germany: 2050 

High birth rate in 
expansionist Germany 

(pre71) ~~I ~111~ 
war due to high male 
mort.-ilityin 

lnu&1s.ir,gly 

'"""' populatioo 

s,~, .. ~ { indicates 
klwdeathr.-ite 

f.ll :,:, .--------~-~-~-~-~-t-::--,ys 

;: _.------ birth r.-ite 

Populatioo(inmilli om) 

Figure 3.2 Population pyramids for Germany, 2000 and 2050 

The demographic transition model 

The demographic transition model (DTM) describes how birth mes and death 
rates change over time. It was; developed from a study of changes in birth rates 
and death rates in England and Wales, and in Sweden. 

The DTM is usually divided into four stages and, increasingly, a fifth stage 
(Figure 3.3). It is a useful diagram as it displays visually the complex patterns 
of change in birth rate, death rate, natural increase (i.e. the increase brought 
about when birth rates exceed death rates), natural decrease (the decrease in 
population when death rates exceed birth rates) and population growth rates. 

Stages 1 High 
stationary 

2 
Eaay 

expanding 

Population 
growth 

3 

""' expanding 

Key word definition 
The demographic transition model 
is a model that shows the change 
in a population from one that has 
high birth rates and high death 
rates to a country that has low birth 
ratesandlowdeathrates. 

Figure3.3Typicallyfivestagesareidentified in the 
demographic transition model 
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• QUICK CHECK QUESTION 

3 Describe the main characteristics of the age-sex pyramid shown below. 

I 
4 2 0 2 4 
Percent of population 

The use of models in predicting the growth of 
human populations 

• Computer models can be used to predict future population growth. However, 
there are usually high-, medium· and low-growth scenarios 

• The funher into the future we try to predict, the less accura te predictioru; 
become. 

• Demographic and statistical tables can be produced. The World Bank 
provided the data for South Africa and Ethiopia in Table 3.2 

• Age-sex pyramids can also be used to predict demographic change 
(Figure3 .2onpage42andFigure3.4onpage44). 

Table 3.2 Demog raphic and econo mic dat a fo r South Africa a nd Ethiopia 

2010 So uth Africa Ethiopia 

Population, total(millions) 50.0 83.0 

Populationgrowth(annua1%) 1.4 2.1 

GDP(currentUSS, billions) 363.9 29.7 

GDPpercapita(currentUSS) 7280 358 

GDPgrm\llh(annual%) 2.8 10.1 

Lifeexpectancyatbirth,total(years) 52.1 58.7 

Mortalityrate,infant 40.7 67.8 
(per lOOOlivebirths) 

Literacyrate,youthfemale 98.1 33.3 
(%offemalesaged15---24) 

Source : World Develo pment Indicators 
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Popv\iltion(in thou1and1) 

Figure 3.4 Population pyramids for Botswana, 2000 and 2050 

EXAM PRACTICE 

1 Describe the population growth in Europe, as shown in Figure 3.1. [3] 
2 Explain the implications of ex~nential growth in human populations. [4] 
3 Examinehowsocio-culturalandeconomicfactorsaffectbirthrates. [BJ 
4 Analyse the demographic transition model as a way of showing 

population change. [6] 
5 How do the data in Table 3.2 help predict the growth of ~pulation in 

South Africa and Ethiopia? [6] 
6 a Studythe~pulationpyramidforHaitiin2010.Describe,giving a reason, 

howHaiti's~pulationislikelytochangeoverthenext20years. [2] 

700600500400300200100 0 0 100200300400500600700 
Population{inthovx1nds) 

b SuggestreasonswhyHaiti's~pulationmightnotexpandrapidlyover ~-m- ~ 
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Resources: natural capital 

Resources and natural income 

• Resources are everything that is ll'ieful to mankind. 
• They include air, water, soil, people, education, fossil fuels, ecosystems 

and soon. 
• People can get many benefits from resources. 
• Some environmentalists describe resources as 'natural capital' 
• They often make a comparison with saving money (capital) in 

a bank. At the end of the year, the savings (capital) may have gained 
some interest. 

• Likewise, with natural resources (natural capital), over time these may 
produce more resources, and so people can live off the 'interest' - this is 
known as 'natural income' 

• Both renewable and replemshable resources can pro.:luce natural mcome 
indefinitely in the form of valuable goods and services 

• These goods and services include marketable goods such as timber 
and food or may be in the form of ecological services such as the flood 
and erosion protection provided by forests (services) and climate 
regulation 

• Some of these services are imp:issible to quantify. 
• N on-renewable resources, such as oil and coal, generate wealth but can be 

used only once in a human lifetime. 

Ecosystem services 
There are four main types of ecosystem service· 
• Supporting services are the essentials for life and include primary 

productivity, soil formation and the cycling of nutrients 
• Regulating services are a diverse set of services and include pollination, 

regulation of pests and diseases and production of goods such as food, fibres 
and wocxl. Other services include climate and ha::ard regulation and water 
quality regulation 

• Provisioning services are the services people obtain from ecosysteffi'i such 
as food, fibre, fuel (peat, wood and non-woody biomass) and water from 
aquifers, rivers and lakes. Goods can be from heavily managed ecosystems 
(intensive farms and fish farms) or from semi-natural ones (such as by 
hunting and fishing) 

• Cultural services are derived from places where people's interaction with 
nature provides cultural go:x:ls and benefits. Open spaces - such as gardens, 
parks, rivers, forests, lakes, the sea-shore and wilderness areas - provide 
opportunity for outdoor recreation, learning, spiritual well-being and 
improvements to human health 

• QUICK CHECK QUESTION 

4 Identify two forms of natural income that might be derived from the 
damming of rivers. 

Key word definition~ 
Naturalcapitalreferstonatural 
resources that are managed to 

providego:xlsandservicesfor 
societies. 

Natural income is the portion of 
natural capital (resources)that 
isproducedas'interest',i.e. the 
sustainable income produced by 
natural capital 

HOU:i::H,l::ibM i 
Oil, gas and coal may be formed 
again in the future, but the rate of 
formation is so slow that they must 
be considered as non-renewable 
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Table 3.3 Ecosystem services 

Mo untains, moorlands andheaths 

food• 
Fibre* 
Fuel* 
Freshwater* 

Climate regulationt 
Floodregulat iont 
Wildfireregulationt 
Waterqualityregulationt 
Erosioncontrolt 

Recreation and tourism* 
Aesthet1Cvalues* 
Cultural heritage* 
Spiritual values• 
Education• 
Senseofplac:e• 
Health benefits* 

Key 

Woodlands 

Timber* 
Speciesdiver5ity* 
Fuet.vood* 
Freshwater* 

Climateregulationt 
Flood regulationt 
Erosion controlt 
Diseaseandpestcontrolt 
Wildfireregulationt 
Airandwaterqualityregulationt 
Soilqualityregulationt 
Noiseregulationt 

Recreation and tourism* 
Aesthetic values• 
Cultural heritage* 
Employment• 
Education• 
Sense of place• 
Health benefits* 

ltem1mark.e<J•def1otegood1 
ltem1m.irk.edtdeooteseMC:e1 
ltemsinredarernos.idetedtobelromprovis.ioniogseivkes 
ltemsinblvearefromregvkltiogseivkes 
ltem1ingreendeooternlturalservices 

Renewable, replenishable and non-renewable 
natural capital 

KeywordJeflnitions 
Renewable nat ura l capital, such as living species and ecosystems, is self­
producing and self-maintaining and uses solar energy and photosynthesis 
This natural capital can yield marketable goods such as wood, but may also 
provide unaccounted essential services when left in place, for example, 
climate regulation 

Replenishable nat ural capital, such as groundwater and the orone layer, is 
non-living but is also often dependent on the solar 'engine' for renewal. 

Non-renewable natural capital (except on a geological timesc:ale), such as 
fossil fuels and minerals, are analogous to inventories; any use implies partial 
depletion of the stock. 

• QUICK CHECK QUESTIONS 

Define the terms renewable natural capital and replenishab/e natural capital. 
For the resources listed below, identify whether each is considered to be 
renewable, non-renewable or mplenishable: groundwater; potatoes; iron ore 
in rocks; sheep's wool; the ozone layer; water used for the generation of HEP. 

UUG· 
The supporting services, including 
primary production and nutrient 
cycling, are not listed for the individual 
habitatsastheyareconsidered 
necessaryfortheproductionofall 
other ecosystem services. 

Ufa4U· 
Thetermsnaturalresourcesand 
naturalcapitalareoftensubstitutedfor 
each other. However, the term 'natural 
resources'suggeststhatresources 
aretheretobeused,whereasnatural 
capitalsuggestssomethingtobe 
managed to produce an income or a 
return on the investment. 

HOU:i::H,l::ibM i 
Somestudentsthinkthatnuclear 
energyisarenewableformofenergy 
- it is non-renewable. It is, however, 
considered to be an alternative form 
ofenergy{alternativetothecarbon­
richfuelssuchasoil, naturalgasand 
coal). Pol itically,somecountrieshave 
considered nuclear energy alongside 
renewables,suchasHEPandwind 
energy. However, uranium will run out 
just asfossilfuelswill. 
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The dynamic nature of the concept of a resource 

Resources change over time - they are affected by cultural, economic and 
technological factors. For example, in the Middle Ages oil was used to treat 
wounds, whereas in the twentieth and twenty-first centuries it ha,; been used as 
a fuel and as an industrial raw material for the plastics and chemical fertiliser 
industry. Uranium only became a valuable resource in the mid-twentieth 
century due to the development of nuclear technology. 

Shale gas 
Shale rocks have recently become an important {X}tential resource because of 
the shale gas (natural gas) that they contain, and many countries are trying to 
developtheirshalegasresources 
• In the USA, shale gas has 'taken off' because of a plentiful supply of shale 

rock, the available technology (pipelines that had been used to carry natural 
gas and oil are now carrying shale gas) and the country's determination to 

achieve 'energy securiry'. 
• In contrast , China, although it has large dei:osits of shale rocks in areas such 

as Sichuan province, is less likely to develop shale gas as there is a risk of 
triggering earthquakes, such as the one that devastated Sichuan in 2008, 
killing over 66000 people 

• In the UK, there are differing reports regarding the amount of shale rock 
de{X}sits and the location of the rock with best {X}tential for shale gas 
De{X}sits in the south of the country are less likely to be developed because 
of a more {X}liticised middle class population, whereas in the north of the 
country, the need for employment and investment could prove more powerful 
than environmental considerations 

• QUICK CHECK QUESTIONS 

7 Explain three ways in which the status of large herbivores, such as red deer, 
as a natural resource has changed over time. 

8 Suggest how a woodland ecosystem as a resource might change CNer time. 

The intrinsic value of the environment 

I 
Direct use value 
• consumptive 
• non-consumptive 

I u~r 
Totalecooomicvalue(TEV) 

I 

I 
Optional value 
• option 
• bequest 

Figure3 .5 Methods of assessing natural capital 

I """ '[ "'~ 
Existence value 

• Direct use v.ilues are ecosystem goods and services that are directly used by 
humans; most often by people visiting or residing in the ecosystem. 

• Consumptive use values include harvesting fcxx:I pro.:lucts, timber for fuel or 
housing, medicinal products and hunting animals for food and clothing 

• Non-consumpti\·e use values inclOOe recreational and cultural activities that 
do not require harvesting of pro.:lucts. 

• Indirect use values are derived from ecosystem services that provide benefits 
outside the ecosystem itself (e.g. natural water filtration, which may benefit 
people downstream). 

• Optional v.ilues are derived from the potential future use of ecosystem goods 
and services not currently used - either by yourself (option value) or your 
futureoffspring(bequestvalue). 

• Non-use values include aesthetic and intrinsic values, and are sometimes 
called existence values. They have no market price 

W¥41D· 
Keepuptodatewithmajor 
developments and news items. For 
example,thenuclearenergyindustry 
inanumberofcountries, including 
Japan and Germany, suffered a major 
setbackfollowingthetsunamiand 
explosionattheFukushimaDaiichi 
nuclear power station in March 2011. 

13"1:irUli:l::itiMi 
ltisquitecommontothinkofenergy 
resourceswhenthinkingofthe 
dynamic nature of resources. However, 
otherresources-suchasecosystems 
- may change in importance over 
time. 

Keyword defin itions 
Economic value is determined by 
the market price of the goods and 
services a resource produces. 

Ecological values have no 
formal market price: soil erosion 
control, nitrogen fixation and 
photosynthesis are all essential 
for human existence but have no 
direct monetary value, although 
some estimates have been made. 
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Ecosystems that are valued on aesthetic or intrinsic grounds may not provide 
identifiable goods or services, and so remain unpriced or undervalued from an 
economic viewpoint 

There are many examples of places or ecosystems that have an important 
national identity - for example, MoW1t Fuji in Japan or MoW1t Kilimanjaro 
in Tanzania. Uluru (Ayers Rock) in Australia hru great spiritual value for the 
Aboriginal population. Such areas or ecosystems have intrinsic value from an 
ethical, spiritual or philosophical perspective, and are valued regardless of their 
potential use to humans. 

There are many attempts to value nature - for example, biodiwrsity and rate 
of depletion of natural resources - so that they can be weighed more rigorously 
against more common economic values (for example, gross national income 
(GNI)). However, to a large extent these valuations are impossible to quantify 
realistically. Not surprisingly, much of the sustainability debate centres on the 
problem of how to weigh conflicting values in our treatment of natural capital. 

Oi,Kt! alues 
outputsthatcaobe 
coosumeddi"ec~ 

such as timber. 
medicines.food. 
recreatioo.etc 

..,, 
difficufl 

ecologicalSl'MCes. 
suchasfloodoootrol. 

,rormpmtectioo. 
carboo<eqcematioo. 
cf maticrnmrol.etc 

I 
OptKlflvalues 

tl>epremiumplac:ed 

,.:..':n,~"1~"' 
di"ectandindirectuses . 

=:~::: 

I 
Existence values 

1r.einuinsicvalueof 
resoorce,;.irrespediveof 
!hei,u<esochasculrural. 

.... metic.beque,1 
sign~iaioce. etc 

Figure3 .6 Levelofdifficultyinassessingtheeconomicvalueofnaturalcapital 

• QUICK CHECK QUESTION 

9 Suggest another WJ"J of valuing the temperate deciduous woodland 
ecosystemotherthanforitseconomicvalue. 

Sustainability, natural capital and natural income 

• The term sustainability has been given a precise meaning in the 
ESS Guide. (See key word definition on right.) 

• Any society that supports itself in part by depleting natural capital is 
unsustainable. If human well-being is dependent on the g(xx:ls and services 
provided by certain forms of natural capital, then long-term use rates should 
not exceed rates of natural capital renewal. 

• Sustainability means living within the means of nature, on the 'interest' or 
sustainable income generated by natural capital - for example, harvesting 
renewable resources at a rate that will be replaced by natural growth 
demonstrates sustainability. 

• Sustainability focuses on the rate of resource use and suggests maintaining a 
balance between resource use and natural income 

• QUICK CHECK QUESTIONS 

10 Definesustainabi/ity. 
11 Explain what is meant by natural income. In what way is natural income 

sustainable? 

HOH:l::i Hl::MM i 
Direct andindirectvalue5canbe 
quantified, up to a point. However, 
optionvaluesandnon-usevaluesare 
nearly impossible to quantify-but 
should not be ignored. 

Howcanwequantifyvaluessuchas 
aestheticvalue,whichareinherently 
qualitative?Haveanexampleready 
- such as Mount Fuji or Uluru - to 
supportanystatementsthatyoumake 
about the intrinsic value of nature in 
an examination. 

f·ftitt¥- I 
Keyword definition 
Sustainability is the use of global 
resourcesataratethatallows 
natural regeneration and minimises 
damage to the environment. 

W4Aid· 
Deforestationcanbeusedtoillustrate 
theconceptofsustainabilityand 
unsustainability. 

• lftherateofforestremovalisle5s 
thantheannualgrowthofthe 
forest{i.e.thenaturalincome),then 
theforestremo,,alissustainable. 

• lftherateofforestremovalis 
greaterthantheannualgrowthof 
theforest,thentheforestremovalis 
unsustainable. 
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Sustainable development 

The term 'sustainable de~·elopment' was first used and defined in 1987 in 
Our Common Future (The Brundtbnd Report). There are many variations 
on the theme of sustainable development - for example, sustainable urban 
development, sustainable agricultural development and sustainable economic 
development. 

To an economist, sustainable economic development might suggest economic 
growth remaining consistently high whereas for an environmentalist sustainable 
economic development might suggest using renewable energy resources to 
produce environmentally friendly goods. 

Some critics may argue that the evolution of sustainable development has 
done little to change the way in which the world works. Others may argue that 
we are now increasingly aware of the envirorunental and social consequences 
of human impacts at a local scale and a global scale. Being aware of the 
inequalities allows us to plan for a better future. 
• In 1972 the Stockholm Declaration (the UN Conference on the Human 

Envirorunent) was the first international meeting about the global 
envirorunent and development. 

• In 1987 the Brundtland Commission defmed the term sustainable 
development. 

• In 1992, at the Rio de Janeiro Earth Summit, Local Agenda 21 statements 
were introduced. These were for all levels of government - from national to 
local - to help improve the environment. 

• In 1997 the Kyoto Protocol introduced attempts to reduce emissions 
ofCOi 

• The 2002 Johannesburg World Summit on Sustainable Development 
focused on social issues, such as po\·eny, sanitation and access to water 

• In 2012 the Rio +20 conference claimed that there was a 'technofix for 
every problem'. In addition, it stated that any agreements would not be 
legally binding 

Tab le 3.4 Aspects of sustainable development 

Economy 

• Economic:sof 
sufficiency not greed 

• Energy-efficient 
buildings 

• Green commuting 
• Reduced pollution 
• Reduce,reuse,recycle 

policies 

Society 

• Cultural diversity and 
so::ialstability 

• lifestyleand 
recreational amenities 

• Protected common 
land 

• Education and 
awareness 

• Political action for 
sustainability 

• Sustainablebuilt 
environment 

• QUICK CHECK QUESTIONS 

12 Define sustainable development. 

Environment 

• Renewable energy 

• Wastemanagement 
and water treatment 

• Reduce, reuse, recycle 
policies 

• Protectedareasand 
wildlife corridors 

13 What were the main conclusions of the Rio +20 conference? 

i@ifftfl-

Keyword definition 
Sustainable development is 
development that meets current 
needs without compromising the 
abilityoffuturegenerationstomeet 
their own needs. 

13°!:i::H,l::ibM i 
Students frequently mistake 
sustainability and sustainable 
development. Remember, 
sustainability is the use of global 
resourcesataratethatallow~ 
natural regeneration and minimises 
damage to the environment 
whereas sustainable development is 
developmentthatmeetscurrentneeds 
without compromising the ability of 
future generations to meet their own 
needs. 

13"11'1:i Hl::ibfii 
Manyprojectsthatsocietiesundertake 
appear sustainable. Hydroelectric 
power (HEP) is a good example. 
However,ahugeamountofoiland 
gasisusedinthebuildingofdams 
and transporting materials to the 
damsite.Moreover,thecountry 
usingthedammaywelluseother 
non-renewableformsofenergyinits 
'energy mix'. 

Learnsomespecificexamplesof 
sustainableschemes-forexample, 
Curitiba(Brazil)hasasustainable 
transportprogrammeanda'green 
exchange'wherebyresidentscan 
exchange waste products for food or 
bus tickets. 
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Sustainable yield 

The annual sustainable yield for a given crop can be estimated simply as the 
armual gain in biomass or energy through growth and recruitment 

Sustainable yield can be calculated from one of the following formulae: 

sustainable yield = annual growth and recruitment -
annual death and emigration 

[
rn,,lbi= l [mmlbiom,a l sustainable yield:: --- at timer+ I - --- at time! 

energy energy 

• QUICK CHECK QUESTIONS 

14 Define sustainable yield. 

EXAM PRACTICE 

7 Explain the relationship between natural income and sustainability. 

8 Distinguish between the terms sustainability and sustainable development. 
9 Thediagrambelowshomfeaturesofsustainabledevelqiment. 

Sustainable development 

a Statethethreemainaspectsofsustainabledevelopment. 

b Outline ways in which some of these features may be linked. 

i@ifftfl-

Keyword definition 
Sustainable yield (SY) can be 
calculatedastherateofincreasein 
natural capital, i.e. that which can 
be exploited without depleting the 
original stock orit.1 potential for 
replenishment. 

Aquifers(water-bearingrcx:ks)area 
renev,able resource that should be 
exploited on the basis of maximum 
sustainableyield.Abstractionofwater 
should not exceed recharge, othem~se 
the aquifer will decline. 

Equalopportunit~ 

131 
141 

131 
131 
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Energy resources 

The range of energy resources available to 
society 

There is a range of energy resources available to societies. The mo,t common 
chssification is into renewable and non-renewable resources. Non-renewable 
resources include oil, natural gas and coal and account for the bulk of the 
world's energy supply. Renewable resources include hydroelectric, sobr, tidal, 
wind, geothermal and biomass ( fuel wood, dung). 

Figure 3. 7 shows how energy resources have changed over much of the 
twentieth century and how they are predicted to change up until 2050. 

Energy consumption has traditionally been much higher in rich countries 
(more economically developed countries) than p:x>r countries (less 
economically developed coumries).This is because rich countries have more 
energy sources and economies that are based on energy-intensive industries 

As poor countries industrialise (newly industrialising countries - N!Cs -
such as; China and India), they are using v3Stly more energy that they did a few 
decades ago. 

• QUICK CHECK QUESTIONS 

1 S What was/is the most common energy source: 
a) in 1950 
b) in2000 
c) projectedfor2050 

16 Which energy sources are predicted to show the most growth by 2050 
compared with 2000? 

17 Which of these are renewable and which are non-renewable? 

Expert tip 

Figure 3.7 is an example of a compound line graph. This means that the value 
for any category is drawn above the category below ii. For example, the amount 
of coal used in 2000 was about 20 billion barrels of oil equivalent, not 60 billion. 
Oilwasapproximately30billionbarrelsandnaturalgas10billion,andsocoal 
is drawn between 40 and 60.The value of a compound graph like this is that ii 
shows you total (consumption of energy) as well as the relative contribution, in 
thiscase,ofeachoftheenergyresources. 

• Biofuels 
• Hydroelectric 

So1ar,w1nd.geothermal 
• Nude.-irelectric 
• Coal 
• Natur.-ilgas 
• Shaleltars.-irKls 
• Crude oil 

Figure 3.7 World energy demand - long-term energy sources 

Keyword definition 
Non-renewable refers to 
natural resources that cannot be 
replenished within a timescale 
of the same order as that at 
which they are taken from the 
environment and used - for 
example,fossilfuels 

Renewable refers to narurnl 
resources that have a sustainable 
yieldorharvestequalto,orless 
than, their narurnl productivity ­
for example, timber. 
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The advantages and disadvantages of 
contrasting energy sources 

Key word definition 
Fossil fuels are non-renewable resources. These are natural resources that 
can only be used once in a human lifetime - for example oil, coal, natural 
gas and shale gas 

ltisnotjustthenon-renewableforms 
ofenergythatcontributetoglobal 
warming. Renewable forms such as 
biomass (fuehvood and dung) release 
C02 • Many other forms, including 
HEP.tidal and nuclear, contribute to 
global warming in the construction 
of,inthiscase,dams,barragesand 
power stations. 

Oil 

Tab le 3.5 Advantages and disadvantages of oil 

Advantages 

Oil has been a relativety cheap and efficient form of energy, 
andaversatilerawmaterial. 

ltisrelativetyeasytotransportbytankerorpipeline. 

Oil reserves are generalty found in geological structures 
suchasanticlines,faulttrapsandsaltdomes. 

Atpresentratesofproductionandconsumptionreserves 
couldlastforanother40years. 

Nearly two-thirds of the world's reserves are found in the 
Middle East. 

The Arctic is believed to have about 35% of the world's oil 

Hydroelectric power (HEP) 

Tab le 3.6 Advantages and disadvantages of HEP 

Advantages 

Hydroelectric power (HEP) is a renewable form of energy that 
harnesses fast-flm\~ng water \\~th a sufficient volume. 

ltisconsideredtobeacleanformofenergyasitdoesnot 
emitgreenhousegases(althoughmanyarereleasedduring 
theconstructionofthedam). 

HEP stations are often associated with aluminium smelters to 
use up excess energy. 

Disadvantages 

The importance of oil as the world's leading fuel has had many 
negativeeffectsonthenaturalenvironment.Forexample: 
• oil slicks from tankers (e.g. Torrey Canyon (1967), 

ExxonValdez(1987), Braer{1993)anddrillingrigs{e.g. 
Oeepwater Horizon (2010)) 

• damagetocoastlines,fishstocksandcommunities 
dependent upon the sea 

• water pollution caused by tankers illegally washing/ 
cleaningouttanksintheNorthSea 

• Gulf War damage- storage of oil and oil wells can 
betargetsfordestruction,causingimmeasurable 
environmental damage. 

It is a finite resource and will eventually run out - indeed we 
mayalreadyhaveexperienced'peakoil'. 

The burning of oil contributes to global warming through 
thereleaseofCOi. 

Disadvantages 

HEPplantsareverycostlytobuild. 

Only a small number of places have a sufficient head of water. 

Marketsarecritical-theplantneedstorunatfullcapacity 
to be economic. 

Migratory fish and mammals may have their routes affected. 

Theremaybeincreasedevaporationbehindthedamandthe 
depo5itionofsilt. 

Diseases such as schistosomiasis can be spread by the 
stagnant water. 

Fishyieldsdownstreamcanbeadverselyaffectedbythe 
trappingofsedimentsbehindthedam. 
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Nuclear power 

Table 3.7 Advantages and disadvantages of nuclear power 

Advantages 

Nuclear power accounted for about 
9% of energy production in 2005. 

Nuclear energy has received support 
from the environmental movement in 
recent years. Thishascx:curredfortwo 
reasons: 
• theprospectofglobalwarming 
• nuclear power does not emit 

greenhouse gases. 

Coal 

Disadvantages 

Nuclearpowerstationsarevery 
expensivetobuildandhavenearly 
alwaysoverrunoncostsandtime 
needed for completion. 

The decommissioning costs of obsolete 
nuclear power stations are enormous. 

Thereareseriousrisksrelatedto 
radiation(e.g. Chernobyl, Fukushima). 
The2011FukushimadisasterinJapan 
ledtoJapanturningitsbackon 
nuclear power. 

Table 3.8 Advantages and disadvantages of coal 

Advantages Disadvantages 

13•1&i&i·i~lbifii·i3 
Nuclear power is sometimes described 
asan'alternativeenergy'alongwith 
renewableformsofenergysuchas 
HEPandwind.ltisanalternative 
tofossilfuelsasitdoes not release 
carbon dioxide but it is not a 
renewable form of energy- once 
uranium has been used it cannot be 
recycled or used again. 

Coal is mostly found in the mid-latitudes of the northern 
hemisphere and has been responsible for the development of 
western industrial growth. 

Coalisdirty,bulky,costlyanddifficulttotransport. 

Due to inefficiencies in early forms of transport and 
machinery, industrieslocatedonthecoalfields. 

Thick,level,continuousseamsarethemostcompetitiveand 
facilitatetheuseofmachinery. 

The two principal users of coal as a fuel are production 
of electricity in thermal power stations and the smelting 
industry(e.g. iron and steel). 

Coal is also important in the chemicals industry and provides 
arangeofproductsfromaspirintonylon. 

Coal is sometimes divided into two main types: coking coal 
and steam coal. Coking coal is used in the manufacture of 
iron and steel. Steam coal, however, is used to generate 
electricity. The demand for steam coal is rising rapidly. 

Some of these disadvantages C3Il be managed 

Coal has a negative impact upon the environment in a 
number of ways: 
• Open-cast mining causes serious visual and noise pollution. 
• Burningcoalcontributestoacid rain and to global 

warming. 

• The introduction of precipitators and filters in smokestacks retains dust, 
sulfur dioxide and nitrogen oxides (NOx) within the chimney. 

• Sulfur emissions have declined by up to 95% and NOx emissions by 60%. 

Solar power 

Table 3.9 Advantages and disadvantages of solar power 

Advantages 

Nofiniteresourcesareinvolved. 

Lessenvironmentaldamageiscaused. 

No atmospheric pollution is given off. 

ltissuitableforsmall-scaleandlarge-scale 
production. 

EnergyfromtheSunisclean,renewableandso 
abundantthattheamountofenergyreceivedby 
theEarthin30minutesistheequivalenttoallthe 
powerusedbyhumansin 1 year. 

Disadvantages 

ltisaffectedbycloud, seasonsanddaylength, so it cannot be 
guaranteed to work in all locations. 

ltisnotalwayspossiblewheredemandexists. 

The high costs of solar power make it difficult for the industry to 
achieve its full potential. 

At present it does not make a significant contribution to energy 
efficiency. 

Eachunitofelectricitygeneratedbysolarenergycostsbetween4and 
10times as much as that derived from fossil fuels. 
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Wind power 

Table 3.1 0 Advantages and disadvantages of wind power 

Advantages 

Wind power is suitable for small-scale 
production. 

The only requirement is an exposed 
site,suchasahillside,flatlandorclose 
tothecoast,wherewindsarestrong 
and reliable. 

There is no pollution of air, ground or 

Nofiniteresourcesareinvolved. 

It reduces environmental damage 
elsewhere. 

Tidal power 

Disadvantages 

Visual impact - although some people 
liketheappearanceofwindturbines, 
many dislike them 

They are noisy 

Theycaninjuremigratingbirds. 

Winds may be unreliable. 

Large-scale development is hampered 
bythehighcostofdevelopment, the 
largenumberofturbinesneeded,and 
the high cost of new transmission 
grids. 

Suitablelocationsforwindfarmsare 
normally quite distant from centres of 
demand. 

Table 3.11 Advantages and disadvantages of tidal power 

Advantages 

Tidal power is a renewable, clean 
energysoun::e. 

It requires a funnel-shaped estuary, free 
of other developments, with a large 
tidal range. 

TheRiverRanceinBrittany,Franceand 
the Bay of Fundy in Canada are good 
examples of where tidal power has 
been developed. 

Fuelwood 

Disadvantages 

Large-scale production of tidal energy 
is limited for a number of reasons: 
• high cost of development 
• limitednumberofsuitablesites 
• environmental damage to estuarine 

sites 
• long period of development 
• possible effects on ports and 

industries upstream. 

Table 3.1 2 Advantages and disadvantages of fuelwood 

Advantages 

Biomassorlivingmatterisareadily 
availablesourceoffuelinsome 
countries. 

ltincludestrees,crops,animalremains 
and animal waste. 

Fuelwood is the most important source 
of energy in ruralAfrica,duetoits 
availability.ForexampleinTanzania 
itaccountsfor90%ofenergy 
consumption, and in Zimbabwe 50%. 

Disadvantages 

lnmanyareasfuelwcxxlavailabilityis 
decreasing fast. 

As fuelwood becomes more scan::e, 
women and children travel further to 
collectitandroundtripsof 10kmare 
not uncommon. This imposes an extra 
burden upon their health. 

Try to make sure that your answers 
arebalanced. lfyouhavetoanswer 
aquestionontheadvantagesand 
disadvantagesofaformofenergy, 
makesurethatyoucoverbothsides 
and try to give as many advantages 
asdisadvantages.Youcanstillforma 
conclusionandgiveyourviews,while 
also recognising that others may have 
different views. 

G5¥4ib· 
lntheexams,youonlyhaveto 
consider one non-renewable resource 
(fossilfuelsornuclear)andone 
renewableenergysource.Revisethe 
onesyouhavestudiedinclass. 
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A decline in fuelwood does not just mean pressure on time and bbour. Trees are 
amultipurpo,eresource. They: 
• areusedtobuildhouses 
• providefencing 
• contributetofoodsupply 
• supplydrugsaru:lmedicines 
• prevent wind and water erosion 
• act a habitat for wild animals. 

• QUICK CHECK QUESTIONS 

18 Whataretheadvantagesoffossilfuels? 
19 What are the disadvantages of renewable forms of energy, such as HEP and 

wind? 

Factors affecting the choice of energy sources 
adopted by different societies 
There are many important factors to consider in the use of energy, rebting to 
availability as well as economic, cultural, environmental and technological 
issues: 
• Availability and reliability of supply - the UK used to have coal, then it had 

oil, but it has limited potential for solar or geothermal energy 
• Suitability and efficiency of supply - many poor countries are limited in their 

choice of energy source 
• Costs of production, di.stribution and use - is nuclear (X)Wer or tidal energy 

too expensive? 
• Type of market - industrial, agricultural or residential - energy demand soars 

asacounttyindustrialises. 
• Political factors - in 1973 OPEC (Organization of the Petroleum Ex(X)rting 

Countries) raised the price of oil, causing other countries to develop their 
own,cheaperresources 

• Demand for energy - this depends on a country's (X)pulation si:e, wealth and 
level of industrialisation 

• Population growth - rapid (X)pulation growth leads to more energy being 
~ed 

• Economic growth - rapid economic growth leads to more energy being 
~ed 

• Stage of development - less developed countries use a smaller amount 
of energy per head and more basic sources such as fuel wood, whereas 
developed countries use more energy and more expensive forms such as 
nuclear and oil 

• Climate factors - certain climates allow certain types of energy such as; solar 
or wind p:>wer; colder climates require more heating 

Low levels of energy consumption per head in poor countries are explained by· 
• lackofsuitableresources 
• lack of economic development to finance the rapid development of energy 

resources or imports of energy 
• rapid growth of population (demand exceeds supply) 
• lack of capital to develop alternative forms of energy 
• debt 
• lack of technological resources 
• lack of trust, especially with regard to nuclear power 
• lackoffuelwood. 

HOU:i::H,l::ibM i 
Notallrichcountriesarethesame­
norareall poor countries. It is very 
easytoover-generaliseinananswer. 
Trytomakesurethatyoureferto 
specific rich and poor countries and 
givesomedetailsabouttheirenergy 
consumption. 

Ui¥4ib· 
Makesurethatyouhavetwo 
contrasting countries-a rich one and 
a poor one. 



56 Environmental systems and Societies for the 18 Diploma 

• QUICK CHECK QUESTIONS 

20 The diagram shows energy consumption in China by source. 

~ 2400 

.$ 2100-t----------------j ff 

t 
8 
~ 

' I 
Describe the changes in China's energy sources, 1980--2005. 

21 The diagram shows China's energy consumption by economic: sector. 

Describe the main features of China's energy consumption. 
22 Outline the potential environmental impacts of China 's energy use. 

EXAM PRACTICE 

10 Dutlinetheadvantagesoftwoenergysources,andsuggestwhyone 
playsagreaterroleinmeetingenergyneedsthantheotherinanamed 
country. [5] 

11 Evaluatetheadvantagesanddisadvantagesoftwocontrastingenergy 
sourcesanddiscusstheeconomicfactorsthataffectthechoiceofthese 
energysourcesbydifferent named societies. 

The soil system 
Soil is the outermost layer of the Earth's surface, consisting of weathered 
bedrock (regolith), air, water and living organisms. Soil systems link the soil 
with the lithosphere, atmosphere and living organisms. Figure 3.8 illustrates 
some of these links. 

191 

Key word definition 

Soil is a mixture of mineral 
particles and organic material that 
covers the land, and in which 
terrestrial plants grow. 
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Figure 3.8 Soil systems, lithosphere systems and atmospheric systems 

Soil processes are directly affected by atmospheric process. The amount of heat, 
evaporation and precipitation determine the main movements of water within 
the soil 

Lithospheric systems are also important - the parent material (bedrock) 
influences soil drainage and soil fertilit y. 

The soil profile is influenced by biotic factors. Eanhworms help mix the soil, 
while fungi and bacterial activity help break down plant litter and form humus 

W&1theri11gofbedrock 

Fig ure3 .9Asoilprofile 

HumilicatKlll, 
degradat Klll, 
aad 
mi11eralisatio11 

• The soil profile (Figure 3.9) shows distinct soil horizons - these include 0 
(organic horiron), A (mixed mineral/organic horizon), E (eluvial or leached 
horizon), B (illuvial or de!X)Sited horizon) and C (bedrock or parent material). 

• Transfers of material (including de!X)Sition) result in reorganisation of the soil 
• There are inputs of organic and parent material, precipitation, infiltration 

and energy. 
• Outputs include leaching, uptake by plants and mass movement. 
• Leaching generally refers to the removal of material down a soil through 

solution and suspension. (Leaching, illuviation and eluviations are often used 
interchangeably but they have precise defmitions.) 

Keyword definition 

A soil profile is a vertical section 
throughasoil,fromthesurface 
down to the parent material, 
revealingthesoillayersorhorizons 
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• Transformatioru include decomposit ion, weathering and nutrient cycling 
• H umification, degradation and mineralisation form the process whereby 

organic matter is broken down and the nu trients are returned to the soil. The 
breakdown releases organic acids - chelating agents - which break down clay 
to silica and soluble iron and aluminium 

• llluviation is the redeposition of material in the lower horirons 

• QUICK CHECK QUESTIONS 

23 Definethetermsoil. 
24 Identify two ways in which bedrock influences soils, and two wa~ in which 

climate affects soils. 

Soil characteristics 

Soil structure and texture 
• Soil structure refers to the shape of the panicles. It has an effect on primary 

productivity. 
• Soil texturereferstothesizeofsoilparticle 
• Sand panicles are those less than 2 mm in diameter, silt less than 0.02 mm 

and clay less than 0.002 mm. 
• Soil textural groups are often shown by the use of triangular graphs 

(Figure3.IO) 

.b 
'""' ,,~ 

100 O 

~ : 
50 0 

Figu re 3.1 0 A t riangular graph t o show soil textural groups 

13°!:i::H,l::ibM l4 
Somestudent5thinkthatsoilisjust 
weatheredrock-itismorethanthat, 
containing,air,waterandmillionsof 
living organisms. 

Ui44U· 
Makesurethatyoucandraw 
diagramssuchasFigures3.8and3.9 
that show the soil system and how 
processesmighttakeplacewithina 
soil. 

i@Mffillli I 

HOU:i::H,l::ibM l4 
Triangulargraphsareoftenread 
incorrectly-the sum of the 
percentages must add up to 100%. 
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• Soil texture is important as it affects: moisture content and aeration; 
retention of nutrients; and e3Se of cultivation and root penetration. 

• Clay soils ha\·e a large surface area in relation to volume and so ha\·e a high 
potential for exchange of nutrients, but they become waterlogged, and are 
described as 'cold' or 'heavy'. In years of drought the shrinkage of some clay 
soilscancausestructuraldamage. 

• Sandy soils drain rapidly, and are described as 'light'. 
• Silt soils are especially prone to compaction if ploughed when wet 
• The maximum amount of water that a soil can hold is referred to 3S field 

capacity(Figure3.11). 

capacity 

• all porespaceo;fi lledwithwater 

• somewaterdraimasaresultofgravity 

• smallmicroporesfi lledwithwateraod 
heklbysoctioo 

• macropores(largepores)filledwithair 

• waterava ilabletopklots 

Figure3 .11 Soi l moisture 

A loam soil is often considered to be the best soil for cult ivat ion as it has the 
optimum combination of sand, silt and clay. It is therefore easily workable, 
drains well, retains moisture and nutrients and is well aerated. As a result, it has 
the highest plant productivity. 

Tab le 3.13 Storage capac ity of so ils (cm water per 30cm depth) 

So il t exture Field capacity W il t ing po int Availab le w at er 

Sandy loam 5.6 2.8 2.8 

Loam 8.4 4.3 4.1 

Clay loam 9.9 5.3 4.6 

Heavy clay 11.9 6.3 5.6 

• QUICK CHECK QUESTIONS 

25 ldentifythepercentageofsand,siltandclayfoundinsoilsAandBin 
Figure3.10. 

26 State what textural group each of the following soils belongs to: 
a) 60%sand,30%clayand10%silt 
b) 40% sand, 40% silt and 20% clay 

27 Which of the soils in Table 3.13 is more likely to require irrigation to help plant 
productivity? 

Soil degradation 

Human activities such as overgrazing, deforestation, unsustainable agriculture 
and irrigation cause processes of soil degradation (Figure 3.12). These processes 
include· 
• erosion by wind and water. There are many types of water erosion including 

surface-,gully-,rill-and runnel-erosion. 
• biological degradation (the loss ofhumll'l and plant/animal life) 
• physical degradation (loss of structure, changes in permeability). 

Groundwater over-abstraction, for example, may lead to dty soils, leading to 
physical degradation. 

• chemical degradation (acidification, declining fertility, changes in pH, 
salinisation and chemical toxicity). Acidification is a change in the chemical 
composition of the soil that can trigger the circulation of toxic metals. 

W ilting 

• waterp,-esefltonlyiosma ll qu aotitieo;. 
h~dbysoilhygroscopkally 

G5¥4ib· 
Makesureyoustudythetextural 
groups.A'clay'soil mightonlyhave 
40%clay,andamixedsoil(loam) 
mightonlyhaveas littleas10% 
clay.Someofthetexturalclasses 
(groups)containawidevariationof 
percentages. 

i@tffflllli I 



60 Environmental systems and Societies for the 18 Diploma 

Salinised (salt-affected) soils are typically found in marine-derived sediments, 
coastal locations and hot arid areas where capillary action brings salts to the 
upper pan of the soil. Soil saliniry has been a major problem in Australia 
following the removal of vegetation in dry land farming. Atmospheric 
deposition of heavy metals and persistent organic pollutants can make soils 
less suitable to sustain the original land cover and land use. 

Desenification (enbrgement of deserts - see below) can be associated with this 
degradation. Climate change will probably intensify the problem, as it is likely 
to affect hydrology and hence land use. 

Physicaldegradatk>n 
4% 

Figure 3.12 Types of soil degradation 

Land degradation 
Land degradation is a decline in bnd quality and its productiviry. 

Overgra:ing and agricultural mismanagement affect more than 12 million kml 
worldwide. 20')6 of the world's pastures and rangebnds have been damaged and 
the situation is m(),';t oevere in Africa and Asia. Huge areas; of forest are cleared 
for logging, fuel wood, farming or other human uses. 

lndustry&urbanisatKlll 
1% 

m,::l:~="~. Defu,esiafo." 27o/, lue!wood 
consumption 

37% 

Overgrazmg 
35% 

Figure3 .13Typesoflanddegradation 

Desertification 
Desertification is the spread of desert-like conditions into previously green 
areas, causing a long-term decline in biological productivity. 
• It can be natural, but increasingly it is the result of human activities 
• It occurs in rich countries such as the USA, Australia and Spain, as well as 

poor countries such as Burkina Faso, Mali and Ethiopia 
• Changes in agriculture, such as the concentration of livestock herds near 

boreholes, are partly responsible for desertification 
• It has major social, economic and environmental impacts 
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• Social impacts can include increased hunger, reduced performance at school 
and increased illness. 

• Economic impacts include reduced crop yields, falling incomes and reduced 
abilityrowork. 

• Envirorunental impacts include reduced soil cover, decreased soil organic 
content, reductions in soil moisture availability and increased rotential for 
soil erosion 

• QUICK CHECK QUESTIONS 

28 What proportion of soil degradation is caused by water and wind erosion? 
29 Suggest two economic and two social imp;icts of desertification. 

Soil conservation measures 

Soil conservation measures include: 
• abatement techniques such as afforestation 
• soil conditioners (for example, use of lime and organic materials) 
• wind reduction techniques (wind breaks, shelter belts, strip cultivation) 
• cultivation techniques (terracing, contour ploughing) 
• efforts to stop ploughing of marginal lands. 

Many of these are used in combination 

Managing soil degradation 
• Abatement strategies for combating accelerated soil erosion, such as 

afforestation, are lacking in many areas. 
• To reduce the risk of soil erosion, farmers are encouraged towards more 

extensive management practices such as organic farming, afforestation, 
pasture extension and benign crop production. 

• Methods to reduce or prevent erosion can be mechanical, including physical 
barriers such as embankments and wind breaks, or they can focus on 
vegetation cover and soil husbandry. 

• More vegetation cover increases infiltration and reduces overland flow. 

Mechanical methods 
• Mechanical methods include bunding, terracing, contour ploughing and 

shelterbelts such as trees or hedgerows 
• The key is to prevent or slow the movement of rainwater dowrulope. 
• Contour ploughing forms at right angles to the slope to prevent or slow the 

downward accretion of soil and water. 
• On steep slopes and in areas with heavy rainfall, such as the monsoon in 

Southeast Asia, contour ploughing is insufficient and terracing is undertaken 
The slope is broken up into a series of flat steps, with bunds (raised levees) at 
the edge. 

• The use of terracing allows areas to be cultivated that would not otherwise be 
suitable. 

• In areas where wind erosion is a problem shelterbelts of trees or hedgerov..o 
are used 

• The trees act as a barrier to the wind and disturb its flow. Wind speeds are 
lowered, which reduces its ability to disturb the topsoil and erode particles 

Cropping techniques 
Preventing erosion by different cropping techniques largely focuses on· 
• maintaining a crop cover for as long as possible 
• keeping in place the stubble and root structure of the crop after harvesting 
• planting a grass crop - grass roots bind the soil, minimising the action of the 

wind md rain on a bare soil surface. Increased organic content allows the soil to 

hold more water, thus preventing aerial erosion md stabilising the soil structure. 

13°!:i::H,l::ibM i 
Somestudent5makestatement5such 
as 'Desertification occurs in LEDCs due 
to poor farming techniques'. This may 
betruebutdesertificationalsooccurs 
in MEDCs, and may be the result of 
naturalfactors,suchaslong-term 
climate change. 

Ui¥4ill· 
Therearemanytypesandcauses 
ofsoildegradation.Makesurethat 
youcanexp;indonthetypesofsoil 
degradation(e.g.thedifferenttypes 
of erosion or chemical degradation). 
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Salt-affected soils 
There are three main approaches in the management of salt-affected soils: 
• flushing the soil and leaching the salt away 
• application of chemicals, for example gypsum (calcium sulfate) to replace the 

sodium ions on the clay and colloids with calcium ions 
• a reduction in evaporation \o;;ses to reduce the upward movement of water in 

the soil 

Equally specialist methcxls are needed to decontaminate land made toxic by 
chemical degradation (see also eutrophication on pages 108-110) 

• QUICK CHECK QUESTIONS 

30 ldentify fo ur typesofsoilconservation. 
31 Briefly explain how afforestation acts as a measure of soil conservation. 
32 State two 5cil conservation measures that could be taken to prevent desertification. 

Soil management strategies in subsistence and 
commercial farming systems 
Shifting agriculture in tropical rainforest is an example of subsistence farming 
Soils in the tropical rainforest are very infertile. The high temperatures and 
high rainfall produce deeply weathered and leached soils that are lacking in 
nutrients 

The long growing season and intense competition among plants means that 
most of the available nutrients are held by the biomass (trees). To increase 
the fertility of the soil, cultivators cut down ('slash') the vegetation and bum 
it, thereby releasing some of the nutrients into the soil. This increases the soil 
fertiliry in the short-term and allows agriculture to take place 

Over the following few years, these nutrients are washed away and the soil 
fertiliry drops. This forces the cultivators to abandon the plot they are farming 
and move to another plot - hence the term 'shifting cultivation' 

Some researchers believe that shifting cultivation may lead to long· 
term decline in soil fertility (Figure 3.14b) rather than being sustainable 
(Figure3.14a). 

-{VV-PA PA v iew 

b) 

Soilll'ftility 

Fig ure3 .14 Effectsofshiftingcultivationonsoilfertility 

13°!:i::H,l::ibM l4 
Manystudent5seemtothinkthatsoil 
degradation only occurs in LEDCs. 
It occur.; in MEDCs too. A classic 
example from the USA is the Dust 
Bowlofthe1930s. 

Attempt5toachievesoilconservation 
can be affected by population gTO\vth 
and the need to produce more food, 
climate change and poverty-reduction 
schemes. 

HOH:lt:i i:l::ibM i 
Thetropicalrainforesthasbeen 
described as 'adesertcc,,.,ered by 
trees'. Thereisaparadoxinthat 
some of the world's most luxuriant 
vegetationisfoundonsomeof 
theworld'sleastfertilesoils.Thisis 
explained by the way in which most of 
thenutrient5areheldbythetrees. 
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CASE STUDY 

SOIL CONSERVATION ON THE GREAT PLAINS OF THE USA 
The Great Plains of the USA experienced severe drought5 in the 1930s, and the 
soils suffered severe wind erosion. Soil conservation techniques included: 

• contour ploughing 

• strip cult ivation with an alternation of cultivated and fallow (crop-free) land 

• temporary cover crops, such as a fast-gl"O\\~ng millet 

• ~allow ploughing to eliminate weeds and conserve crop residues on the surface 

• summer fallow to regenerate soil nitrogen as well as conserve moisture 

• some areas being converted to permanent grazing 

• use of a 'grass-break' to help stabilise soils by the accumulation of organic matter. 

However, since the end of the Second World War, the introduction of herbicides has: 

• made weed control possible 
• reducedtheriskofsoilerosion 

• reduced nitrogen loss 

• increased salinity problems due to increased soil water evaporation. 

• QUICK CHECK QUESTIONS 

33 In what ways is shifting cultivation a response to the soils of the tropical 
rainforest? 

34 Identify three forms of soil conservation that were used on the Great Plains. 

EXAM PRACTICE 

12 Explaintheimportanceofsoilorganismsinecosystems. 

13 Outlinehowsoildegradationcanbecausedbyhumanactivities. 

Food resources 

Issues involved in the imbalance in global food 
supply 

151 
[5] 

There are m=y differences in food production =d distribution around the 
world, which are affected by a range of socio·rolitical, economic and ecological 
influences. 
• The world is growing by over 80 million people each year, hl'llce more food is 

needed 
• In addition, a larger prorortionof people in the world will become middle· 

and high•irtcome earners, and there will be a corresponding change in diet 
fromgrain•basedtomeat•311ddairy•based 

During the latter part of the twentieth century, the growth in food production 
out•paced the growth of population. This was largely due to the Green 
Rernlution (the application of science and technology to agriculture, leading 
to high•yielding varieties, breeding programmes, widespread use of chemical 
fertilisers and pesticides, irrigation and so on) 

However, between 2001 =d 2008 world food prices ro,e dramatically. 
Although there was an increase in food production, there was an even grea ter 
increase in demand for food. A rise in oil prices led to higher costs in tr311sport 
and fertiliser production 

The impact of biofuel5 
Another cause of the rise in food prices is the use of land for the production of 
biofuels rather than food crops. Approximately I 00 million tonnes of grain are 
used for biofuels. As more grain is used for biofuel, less grain (and l=d) is used 
for the production of food for human use. 

G5¥4ib· 
You must have an example of one 
commercial farming system and one 
subsistence system. 

i;tt®iillli I 

i;tfittfflllli I 

HOH:lt:i i:l::ibM ii 
It is not just population growth that 
causes an increased demand for food 
- standard of living is important too. 
The gradual change in diet by people 
innewlyrichandindustrialising 
countries{suchasKoreaand, 
increasingty,Chinaandlndia)isoneof 
the most important factors leading to 
a relative food shortage. 
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Natural hazards 
Many on-going natural ha:ards are having an impact on food production. For 
irutance some of the countries that make the most money out of farming (the 
USA, China, India, Australia) have had recurring drought, leOOing to falling 
production. 

Food distribution 
Once fcxx:I is produced it needs to be brought to the market to be sold. 
Sometimes fcxx:I is collected from the farmer whereas at other times the farmer 
has to get it to the market. This uses fossil fuels in the trans{X)rt. The distance 
that a fcxx:I travels to its destination is known as food miles. Some foods are 
trans{X}rtedhugedistances. 

In addition, all of the inputs, such as fertilisers, machinery and equipment, 
need to be traruported to the farmer. These are expensive and al.so use up fossil 
fuels. 

• QUICK CHECK QUESTIONS 

35 How was agricultural production in the twentieth century able to grow more 
rapidly than population growth? 

36 Suggest reasons for the falling level of productivity after about 2004. 

The efficiency of terrestrial and aquatic food 
production systems 

Terrestrial and aquatic fcxx:I production systems (Figure 3.15) vary in terms of 
their trophic levels and efficiency of energy conversion 
• In terrestrial systems, mo;;t fcxx:I is harvested from relatively low trophic levels 

(producers and herbivores). 
• In aquatic systems most fcxx:I is harvested from higher trophic levels where 

the total storages are much smaller. Although energy conversions along 
the fcxx:I chain can be more efficient in aquatic systems, the initial fixing of 
available solar energy by primary prcxlucers tends to be less efficient due to 
the absorption and reflection of light by water 

Trophic:level 

4 carnivorous 
fish 

3 Carnivorous 
Zooplanktoo 

Zoopklnkton 

l'tlylopankton 

Aquatic: 

energy 
units 

Cattle.goats, 
~~, 

Grass,ri<:e,corn. 
wheat,potatoes 

Figure3 .1 5Aquaticandterrestrialfarmingsystems 

Terrestrial farming systems 
Terrestrial farming systems can be classified according to four pairs of 
contrasting categories: 
• arable (the cultivation of crops, e.g the corn belt in the USA) or pastoml 

(the rearing of animals, e.g. the Maasai herdsmen of Kenya) 

G5¥4ib· 
If a food has more food miles, this 
doesnotmeanrtismoreharmful 
totheenvironmentthanonethatis 
consumed locally. A locally grown 
food might use more fertiliser and 
irrigationwaterandprovideless 
retumperunitofinput. 

13°11'!,H,it:ifiM i 
Thefocusonproductivityand/or 
efficiencymaybeover-simplistic.For 
example,prawnfarminghasledto 
the destruction of about one-third of 
theworld'smangroveforestsandthis 
canhaveaknock-oneffectonfishery 
production in nearby ecosystems. 
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• conunercial (products are sold to make a profit, e.g. market gardening in 
the N etherlands) or subsistence/peasant (products are consumed by the 
cultivators, e.g. shifting cultivation by the Kayapo of the Amazonian rainforest) 

• intensive (high inputs or yields per unit area, e.g. cattle feed lots in 
California) or extensive (low inputs or yields per unit area, e.g. reindeer 
herding in Siberia) 

• nomadic (farmers move seasonally with their herds, e.g. the Pokot pastoralists 
in Kenya) or sedentary (farmers remain in the same place throughout the 
year, e.g. rice farmers in southeast Asia). 

• QUICK CHECK QUESTIONS 

37 Describe the dairy farming system and the nomadic pastoralist system using 
the four sets of contrasting terms described in the text. 

38 Which are more efficient, terrestrial ecosystems or aquatic ecosystems? Give 
reasons to support your answer. 

Contrasting food production systems 

Factors to be coruidered when contrasting two fcxxl production systems should 
include· 
• inputs - for example, fertilisers (artificial and natural), irrigation water, 

pesticides, fossil fuels, food distribution, human labour, seed, breeding stock 
• system characteristics - for example, selective breeding, genetically 

engineered organisms, monoculture versll'i pol)Tulture, Sll'itainability 
• socio-cultural - for example, for the Maasai cattle equals wealth, and 

quantity is more important than quality 
• envirorunemal impact - for example, pollution, habitat lo.s, reduction in 

biodiversity,soil erosion 

Tab le 3.1 4Fact orsaffect ingagriculture 

Physica l factors 

Precipitation: type, frequency, intensity, 
amount 

Temperature:growingseason(>6°C), 
ground frozen (0°C), range of 
temperatures 

Soil:fertility(pH,cationexchange 
capacity),nutrientstatus,structure, 
texture, depth 

Pests:vermin,locusts,disease 

Location: slopegradient,relief, 
altitude, aspect-ubac:{shady)oradret 
(sunny) 

Socio-econom ic facto rs 

Land tenure/ownership: 
ownership,rental,share-cropping, 
state-control 

Organisat ion:collective,cooperative, 
agribusiness,familyfarm 

Government policies: subsidies, 
guaranteed prices, ESA.s 
{environmentally sensitive areas), 
quotas.set-aside 

War,disease,famine 

Farmsize:fieldsizeandshape 

Demand:sizeandtypeofmarket 

Capital: equipment, machinery, seed, 
money, 'inputs' 

Technology: HYVs, fertilisers, irrigation 

lnfrastructure:roads,communications, 
storage 

Advertising 

Cultural and traditional influences 

Educat ion and training 

Behavioural influences 

Chance 

W¥41D· 
Theclassificationoffarmingintofour 
dichotomous('either/or')categoriesis 
an over-simplification.A subsistence 
farmer may sell a small amount of 
produce whereas a commercial farmer 
maykeepsomefarmproducefor 
home consumption. Each pair should 
beseenas a slidingscalefromoneto 
the other. 

i;ttitttllli I 

When contrasting two systems, 
those you choose should be both 
terrestrialorbothaquatic.lnaddition, 
theinputsandoutputsofthetwo 
systems should differ qualitatively 
andquantitatively(althoughnot 
allsystemswillbedifferentinall 
aspects).Apairofexamplescould 
be, for example: North American 
cereal farming and subsistence 
farming in some parts of Southeast 
Asia; intensive beef production in the 
developed world and the Maasai tribal 
useoflivestock;orcommercialsalmon 
farming in Norway/Scotland and 
rice-fishfarminginThailand.Other 
local or global examples are equally 
valid. 



Figure3.16Thefarmingsystem 

CASE STUDY 

SHIFTING CULTIVATION IN MEXICO 

13°!:i::H,l::ibM l4 
Somepeoplebelievethatshifting 
cultivationis'inharmony'withthe 
naturalenvironment. ltcanhavea 
negativeimpactonsoils. lnaddition, 
asareasoftropicalrainforest 
becomesmaller,thepressuresonthe 
remaining areas become greater. 

05¥41D· 
Ratherthanjustthinkingabout 
differences, try to identify some 
similarities between the two systems 
-forexample,bothretyonphysical 
factorssuchasdimateandsoil 
fertility,althoughthesemayimpactin 
different ways. 

The Popoluca Indians of Santa Rosa, Mexico, practise a form of shifting cultivation. This farming system is intensive, 
subsistence, largely arable and semi-nomadic (they change plots every few years). Most of the labour is done by hand, \\~th 
men OOing the cutting, burning and hunting and women OOing most of the farming. 

The plots are quite small, typically 3--4ha. These are cleared for farming by cutting down and burning trees, which enriches 
the soil IA~th nutrients. However, most trees and shrubs are not burned, but are harvested for their fruits and seeds. The 
system produces over 250 different t~ of crops (polyculture). Those cultivated include coffee, oregano, squash and yams. 
The only input that is bought in is maize seed; the rest is from natural forest that is allowed to seed itself. 

The men hunt for game, fish and turtles. There is some trading of surplus game. Fruit and insects are also gathered from the 
forest. 

The system uses natural fertiliser (animal manure) as well as the burning of trees to enrich the soil. No irrigation water or 
pesticides are used, sonofossilfuelsareneeded.Energyratios(energyoutputs/energyinputs)maybeashighas65. The 
efficiency ratio {kg of feed/kg of total live weight)for insects and poultry is between 1.5 and 2.2. 

There are some environmental impacts- for example, the cutting down and burning of vegetation is believed to have long­
term effects on the quality of the soil (see Figure 3.14 on page 62). 

CASE STUDY 

INTENSIVE COMMERCIAL PIG PRODUCTION IN DENMARK 
Pig farming in Denmark, an MEOC, is commercial, pastoral, intensive and sedentary. The system, based on the selective 
breeding, rearing and selling of stall-fed pigs, is heavily mechanised, with extensive use of food concentrates, machinery 
for feeding and transport services. Inputs also include veterinary services, the use of hormones to increase productivity and 
antibioticstoreducethespreadoldisease. 

Farms are generally between 10 ha and 30 ha in size. The work structure is increasingly based on a farm manager and hired 
labour. Many farms will also produce cereals and keep a dairy herd - skimmed milk and whey are fed to the pigs. The system 
isstillclassifiedasa monoculturebecauseitisnotdiverse. 

Energy ratios (outputs/inputs) are only around 0.4, while efficiency ratios (kg of feed/kg of total live weight) can reach 5.8. 

The system is a commercial one - over nine million pigs are produced annually. Up to 75% of Danish bacon is exported and 
this accounts for 43% of Danish agricultural export. 

Theenvironmentalimpactsofthissystemarehigh: 

• There is much use of fossil fuel in the distribution of pig products around the world and in the running of machines. Fossil 
fuels are also used in theproductionoffeedconcentrates. 

• A large amount of manure is produced, the smell of which can impact on the local population of humans. It also produces 
methane as it decomposes. 

• Fertilisers, pesticidesandirrigationwaterareusedtoimprovecropyields. 

• QUICK CHECK QUESTIONS 

39 lnwhatwaysisshiftingcultivationintensive? 
40 How does this differ from intensive commercial food production? 
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Links between social systems and food 
production 

There are many examples of links between social systems and fcxxl production 
systems 
• In some LEOCs low population densities are associated with shifting 

cultivation and nomadic pastoralism 
• In MEOCs such as the USA and Australia, low population densities may be 

associated with highly mechanised commercial farming. 
• In areas of high population densities, such as in Southeast Asia, intensive 

farming has resulted 

Nomadic pastoralism 
• Traditional nomadic pastoralists, such 3S the Pokot of Kenya, live out their 

lives in relative harmony with the natural environment. For example, the 
energy flow in the nomadic system is similar to that of the savannah ecosystem 

• Herdsmen use the savannah grasslands to feed their herds. 
• Cattle replace wild herbivores as the main herbivores 
• There is limited killing of wild predators 
• The nutrient cycling system can be altered 
• True nomadic movement returns and distribu tes nutrients over a wide area 

although some concentrations of nutrients, in dung, can occur if herds 
remain in one place for a length of time, such as at a borehole 

• Biological productivity in savannah grasslands is low and variable 
• NPP varies from about 150glm2/year in drier area<;, rising to 6C-Og/m2/year in 

wetter margins. 
• Secondary productivity is low - hence farmers use milk, milk products and 

blood rather than meat. 
• Their animals are their source of wealth so they only kill the very old or very 

sick. 
• Environmental impacts might be unsustainable 
• Over-exploitation of grass or over-concentration of herds removes 

vegetation, especially sweeter species, causing ponding of the surface, 
gulleying and desertification - the spread of desert conditions (Figure 3.17) 

• In traditional pastoral societies desertification has been due to climatic 
deterioration. Now, however, economic, social and political reasons are 
increasingly to blame. These have led to larger herds, shorter nomadic routes 
and greater pressure around water sources such as boreholes 

Modern agribusiness (agro-ecosystems) 
• Unlike traditional subsistence farming, where the farmers do not own the 

land but have rights to use it, in modem agriculture there is generally some 
form of ownership (which may or may not then be rented to another farmer). 

• Modem agribusiness is associated with capitalism and the drive to make 
profits. 

• Increasingly farming is being driven by the demands of large retailers to 
provide high volumes of uniform-quality fcxxl to an increasingly urban 
population 

• Food production and distribution have gone global 
• Farming has become increll'iingly intensive, large-scale and globalised in the 

drive for cheaper food 
• Advances in technology and communications have combined with falls in 

the costs of transport to transform the way in which fcxxl is sourced. 
• The concentration of power in retailing and fcxxl processing has affected 

those at the other end of the scale, namely farmers in LEOCs and small 
farmers in MEOCs 

• Increasingly, modem farming methods are having a negative impact on the 
envirorunent 

• The term agro-industrialisation refers to the large-scale, intensive, high­
input, high-output, commercial nature of much of modem farming 
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Figu re3 .17 Somecausesofdesertif ication 

Improved yields and environmental impacts 
• Since the 1960s, wheat yields have increased from 2.6 to 8 tonnes per hectare 

and barley yields from 2 .6 to 5.8 tonnes, while each cow produces twice as 
much milk. 

• Cleaning up the chemical pollution, repairing the habitats and coping with 
disease caused by industrial farming costs up to £2.3 billion a year. 

• It now costs water companies £135- 200 million to remove pesticides and 
nitrates from drinking water. 

• Fcxxl processors usually want large quantities of uniform-quality produce or 
animals at specific times. This is ideally suited to intensive farming methods, 
which favour synthetic chemicals, land degradation and animal welfare 
problems. For example, apples receive an average of 16 pesticide sprays 

• The global fcxxl industry has a ma,sive impact on transp:>rt. 
• The fcxxl system has become almost completely dependent on crude oil, 

making fcxxl supplies vulnerable, inefficient and unsustainable 

CASE STUDY 

WATER PROBLEMS AND GLOBAL FARMING IN KENYA 
The shores of Lake Naivasha in the 'Happy Valley' area of Kenya have been 
seriously polluted. Environmentalists blame the problems on pollution from 
pesticides, excessive use of water on farms and deforestation caused by migrant 
workers in the growing shantytowns foraging for fuel. 

British and European-OWned flmver companies in the area grow vast quantities 
of flowers and vegetables for export. Much water is used to produce flowers. The 
export of these flowers (a flower is 90% water) is effectively exporting Kenyan 
water.Thisisknownas'virtualwater'. 

The greatest impact is being felt by the nomadic pastoralists in the semi-arid areas 
to the north and east of Mt Kenya. The flower farms have taken over land that 
thepastoralistsusedandthereisnowlesswater. 

HOH:1::iUl::ibMi 
ltiseasytoseenomadicpastoralists 
as the victims of flower cultivation 
in Kenya. However, the pre,sures 
theyfacearemuchmorediverse 
andcomplex(seeFigure3.17).ln 
addition, there are benefits of modern 
agricultural systems, such as the mass 
production of food for urban areas, 
althoughthebenefitsaremainly 
forurbanites,andforthoselivingin 
MEDCs and NICs (newly industrialising 
countries). 

lb¥41D· 
A useful approach when comparing 
two contrasting systems is to try 
to link them - the effects of flower 
cultivation in Kenya and the impacts 
on nomadic pastoralists is a good 
example. 
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The wastefulness of a Christmas dinner 

Figure 3.18 The wastefulness of a Christmas dinner- the ingredients 
of a traditional Christmas meal bought from a supermarket may have 
cumulativelytravelled24000miles 

• QUICK CHECK QUESTIONS 

41 Outline one way in which modern commercial farming has affected 
traditionalsubsistence-typefarming. 

42 How many food miles might a traditional Christmas meal account for? 

EXAM PRACTICE 

14 Discusstheenergyefficiencyofterrestrialandaquaticfoodproduction 
systems. [3] 

15 Explain the relationships between population growth, social systems 
andfoodproductiontechnologies.Refertonamedcontrastingcountries 
in your answer. 

Water resources 

The Earth's water budget 

[91 

The world's water bahnce is driven by the Sun. This allows the constant 
recycling of water between the oceans, the atmosphere and the land. This 
movement of water between these three reservoirs (storages) is known as the 
'hydrologicalcycle'orwatercycle 
• The oceans play a vital role in the hydrological cycle: 74% of the total 

precipitation falls over the oceans and 84% of the total evaporation comes 
from the oceans. 

• Only a small fraction (2.5% by volume) of the Earth's water supply is 
freshwater. 

• Of this, over 87% is in the form of ice caps and glaciers, 12% is groundwater 
and the rest is made up of lakes, soil water, atmo,pheric water va!X)llr, rivers 
and biota, in decreasing order of storage size 

• At a local scale the cycle has two main inputs - solar energy and 
precipitation (PP'T) - and two major losses (outputs) - evapotranspiration 
(EVT) and runoff. A third output, leakage, can also occur from the deeper 
subsurface to other basins. 

l;t#ffl:- I 

83°1:ir!'°fluihM i 
Notallfreshwaterisaccessibleor 
replenishable.Onlyfreshwaterlakes 
andriversarerenewable.Many 
groundwaterreserves,suchasthose 
undertheSahara,areessentiallynon­
renewable. 



Groundwater Riversand 
12% lak.es1% 

Figure3.19Freshwatersources 

• QUICK CHECK QUESTION 

43 What proportion of the Earth~ fresh water is found in a) groundwater and 
b) lakesandrivers? 

The sustainability of freshwater resource 
usage 

• Agriculture (irrigation), industrialisation and population increase all make 
demands on supplies of fresh water. 

• Global warming might disrupt rainfall patterns and water supplies in some 
places and increase rainfall elsewhere. 

• The hydrological cycle supplies humans with fresh water but we are drawing 
water from underground aquifers and polluting it at a greater rate than it can 
be replenished. 

Key word definition 
Physica l water scarcity is where 
water resource development is 
approaching, or has exceeded, 
unsustainablelevels.ltrebtes 
water availability to water demand 
and impliesthataridareasarenot 
necessarily water scarce. 

Economic water scarcity is where 
water is available locally, but not 
accessible for human, institutional 
or financial capital reasons 

13 lu'f:i Hl::ibM l4 
Thereisnowaterscarcityindeserts. 
Theconceptofwaterscarcityrelates 
water use to human demand. Because 
of the relative lack of people in de5erts 
(becausethereislittlewateravailable) 
thereislittledemandforwater,and 
therefore no water scarcity. 

~/~, 

·······················r{!) ······· 
o/ 

• Physical water scarcity D Economic w.1.ter scarcity O No data 
D Close to physical water scarcity D Little or no w.1.ter scarcity 

Figure 3.20 Areas of physical and economic water scarcity 
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• QUICK CHECK QUESTION 

44 Suggest two reasons why freshwater supplies might be insufficient to meet 
thedemandsofhumansocietiesinthefuture. 

EXAM PRACTICE 

16 Figure3.20showstheglobaldistributionofphysicalandeconomicwater 
scarcity(shortage). 

a Define the term water scarcity. 
b Describethepattemofglobalwaterscarcity. 

111 
131 

17 Evaluatetherelativeim~rtanceoffactorsthatdeterminethesustainableuse 
offreshwaterresources.Refertoatleastonecasestudyinyouranswer. [9] 

Limits to growth 

Carrying capacity and local human populations 

By ex[lffiining carefully the requirements of a given species and the resources 
available, it might be possible to estimate the carrying capacity of that 
environment for the species. This is problematic in the case of human 
populations for a number of reasons: 
• The range of resources used by humans is usually much greater than for any 

other species 
• Furthermore, when one resource becomes limiting, humans show great 

ingenuity in substituting one resource for another, for example plastic for 
gla,s, shale gas for coal and oil 

• Resource requirements vary according to lifestyles, which differ over time 
and from fOPUlation to i:opulation. For example, a Maasai herdsman uses far 
fewer resources than an urban dweller in a rich country 

• Technological developments give rise to continual changes in the resources 
required and available for consumption, for example the increase in nuclear 
power since the 1950s. 

• Human populations regularly import resources from outside their immediate 
envirorunent, which enables them to grow beyond the boundaries set by their 
local resources and increases their carrying capacity. The impon of food (and 
even cut flowers) from countries such as Kenya and Zimbabwe in Africa into 
Europe is a gcod example. China's purchase of land in Ethiopia and Sudan is 
another. In this case food is grown and exported to China 

• While importing resources in this way increases the carrying capacity for the 
local population, it has no influence on global carrying capaciry. 

• All these variables make it practically impo,sible to make reliable estimates 
of carrying capacities for human populati011S. 

Certain areas can 'carry' more people than others. For example, areas with 
warm, wet climates and fenile soils can suppon large population densities. By 
contrast, areas that are too hot, too dry, too cold or too wet will be unable to 

suppon many people because they cannot produce sufficient food 
However, in the globalised world, with increased trade, it is possible to get 

goods to cold areas or hot and dry regions, so that these areas can now suppon 
a larger resident population through the impon of food and water. Examples 
include Dubai in the Middle East and the research stations in Antarctica 

• QUICK CHECK QUESTIONS 

45 Define the term carrying capacity. 
46 Explainwhyitisdifficulttogiveaprecisevalueforacountry'scarrying 

capacity for a human population. 

Keyword definition 
Carrying capacity is the maximum 
number of a species or 'load' that 
canbesustainablysupponedbya 
given environment. 

83°1:ir!'°fluihM i 
Students commonly confuse carrying 
capacity with ecological footprints. 
Thecarryingcapacityisthemaximum 
numberofaspecies/,peop/e)that 
can be sustainably supported bya 
given environment.In contrast, the 
ecological footprint refers to the area 
of land and water required to support 
adefinedhumanpopulationata 
given standard of living. The measure 
takesaccountofthearearequiredto 
provide all the resources needed by 
thepopulation, andtheassimilation 
of all wastes. 

Carryingcapacitiesarenotstatic­
theycan increaseordecreaseover 
time. The optimistic point of view is 
thatcarryingcapacitywillbeincreased 
through technological improvements 
(irrigation, fertilisers, GM food, 
forexample).Pessimistsstatethat 
theEarthisafiniteresourcethat 
canonlysustainacertainlevelof 
population. 
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Carrying capacity and recycling, reuse and 
reduction 

Human carrying capacity is determined by the rate of resource consumption, the 
level of pollution and also the extent of recycling, reuse and reduction in the 
use of resources 

The limits to growth mOOel was developed in the early 1970s. It predicted 
that the limits to the growth of the human population would be reached by 
2100. This is sometimes called a neo-Malthusian view after Thomas Malthus, 
who suggested in 1798 that the growth of the human population would oumrip 
the ability of the Eanh to provide sufficient food resources for the population 
However, it also suggested that it would be p:lSSible to change these projections. 

The optimistic view was championed by Esther Boserup, whose views have 
often been summarised by the phrase 'necessity is the mother of invention'. There 
are a number of ways in which fcxxl production, for example, could be increased: 
• growing crops in nutrient-enriched water - hydrop:mics 
• use of high-yielding varieties (HYVs) of plants and selective breeding of animals 
• greater use of irrigation and fenilisers 
• land reclamation - from the sea, drnining of wetlands and terrncing of steep 

slopes 
• growing crops in greenhouses. 

In terms of energy, there has been 
• use of new resources, such as shale gas 
• greater development of alternative energy, such as HEP, solar and wind energy 
• increased energy conservation - in the home, in public buildings, in industry 

and in transport 

fu awareness of the problem of resource depletion increases, meas.ures are being 
taken to tackle the issue. On the other hand, as once !X)Ofer countries industrialise, 
for example Korea, China, India and Viemam, and standards of living rise, there is 
increased demand for resources, including food, water and energy. 

Figure 3.21 The limits to growth model 

• QUICK CHECK QUESTIONS 

47 Describe the population curve shown in Figure 3.21. 
48 Comment on the nature of the resources curve shown in Figure 3.21. 

EXAM PRACTICE 
'Earthprovidesenoughtosatisfyeveryman'sneed,butnoteveryman'sgreed.' 
(Mahatma Gandhi) 

'We do not inherit the Earth from our ancestors: we borrow it from our children.' 
(traditional KenyanproverbandNativeAmericansaying) 

18Withreferencetotheconceptsofcarryingcapacityandenvironmental 
valuesystems,discussthetwoquotationsabove. [7] 

19 Justifyyourresponsetotheclaimthatthehumanpopulationhas 
exceededtheEarth'scarryingcapacity. [7] 

13°1:ir:i i:l::ibM i 
Somestudeneiacceptthechanges 
suggestedbythelimieitogrowth 
model. Many of these changes might 
not happen, depending on the choices 
that people make. With increased 
recyclingandreuseofresources, for 
example,humancarryingcapacitycan 
be increased. 

Ui¥4ib· 
The limits to growth model treats the 
wortd as a single entity. However, 
some r~ions are resource rich, some 
resourcepoor.Someareashaverapid 
population growth, while others have 
slowed down their growth. Thus, the 
model is an over-simplification - not 
allareasoftheworldwillbehaveas 
indicatedinFigure3.21. 
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Environmental demands of human 
populations 

Ecological footprints 

The ecological footprint of a popubtion is the area ofhnd, in the same vicinity 
as the i:opulation, that would be required to provide all the population's 
resources and a,similate its wanes. 

The ecological footprint is a useful model for assessing the demands that 

human p:>pubtioru make on their envirorunent. It consists of eight main 
categories,asoutlined inTable3.15 

Table 3.15 Categories contributing to the ecological footprint 

Land category Land use category Land use 

Energy land Land'appropriated'by EnergyorCOi land 
fossil fuel energy use 

Consumed land Built environment Degraded land 

Currently used land Gardens Reversibly built 
environments 

Crop land Cultivated systems 

Pasture Modified systems 

Managed forest Modified systems 

Land of limited 
availability 

Untouched forest Productive natural 
ecosystems 

Non-productive areas Icecaps.deserts 

Table 3.16 Advantages and disadvantages of the ecological footprint concept 

Advantages 

ltisausefulsnapshotofthe 
sustainability of a population's lifestyle 

ltprovidesameansforindividualsor 
gc:,,.,emments to measure their impact 
and to identify potential changes in 
lifestyle 

ltisapopularsymbolforraising 
awareness of environmental issues 

• QUICK CHECK QUESTIONS 

49 Define the term ecological footprint. 

Disadvantages 

ltdoesnotincludeall information on 
the environmental impacts of human 
activities 

It is only a model so it is a simplification 
and lacks precision 

ltusesapproximationsofactualfigures 
thatcannotbeaccuratelycalculated 

ltdoesnotshowthetypesofresources 
used -itshowsonlytotalresources 

ltisnegativeinapproach, so could be 
perceived as de-motivating 

SO Identify the eight main categories that are used to assess a society's ecological 
footprint. 

Keyword definition 
An ecological footprint is the 
area of land and water required to 
supp:m a defined human population 
at a given standard of living. The 
mea'iuretakesaccoumofthearea 
required toprovidealltheresources 
needed by the population, and the 
assimilation of all wastes. 

13°1:irUli:l::itiMi 
National ecological footprints hide 
variations in use. Some people in a 
society have a very large ecological 
footprint, whereas others have a small 
footprint. 

Therearedifferentappro.achestothe 
study of ecological footprints. For 
example,eccx:entristssuggestthatthe 
onlywaywecanreduceourecological 
footprint is by working with nature. In 
contrast, techncx:entristsbeliE'll'e that 
we can reduce our ecological footprint 
withtheuseoftechnology. 
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Calculating ecological footprints 

Although the accurate calculation of an ecological footprint might be very 
complex, an approximation can be calculated ll'iing per capita food coruumption 
and per capita C01 emission in the formulae below: 

per capita land requirement 
for food pro.:luction (ha) 

per capita land requirement 
for absorbing wane COi 
fromfossilfuels(ha) 

per capita food consumption (kgyrl) 

mean food production per hectare of local 
arable land (kgha-lyrl) 

per capita COi emission (kgCyrl) 

net carbon fixation per hectare of 
local natural vegetation (kg Cha- I yrl) 

The total land requirement (ecological footprint) can then be calculated 
as the sum of these two per capita requirements, multiplied by the total 
population 

This calculation clearly ignores the land or water required to: provide 
any aquatic and atmospheric resources; assimilate wastes other than carbon 
dioxide (COi); produce the energy and material subsidies imported to 
arable land for increasing yields; replace loss of productive land through 
urbanisation; and so on. However, as a model, it is able to provide a 
quantitative estimate of human carrying capacity. It is, in fact, the inverse 
of carrying capacity as it refers to the area required to sustainably support a 
given population rather than the population that a given area can Sll'itainably 
support. 

Worked ex.imple 

Mean food (grain) 
production per 

i@ifftfl-

Net carbon 
Per capita focxl (grain) hectare of local arable Per capita C02 fixation per hectare 
consumption (kgyrt ) land (kg ha- tyr1 ) emissions(kgCyr--1) (kgCha-t yr---1) 

Braiil 210 2919 1900 10000 

Canada 710 3031 16900 4000 

Brazil's ecological footprint per person is thus (210/2919) + (190J/10000): 0.072 +0.19 = 0.26gha 

Canada's ecological footprint per person is (710/3031) + (16900/4000) • 0.23 +4.25 • 4.45 gha 

Note that these are very simplified footprints because they only take into account two categories. The actual 
ecological footprints for both countries would be much larger. 

~ 1.0 

~ 8.0 • ' ~ 
i 
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Grazing ·­. fishing 

""""""' • eui~-uplaod 

Fig ure 3.22 Ecological footprintsfor selected countries 

13"1:irUli:l::itiMi 
SomestudenCiforgettogiveanyuniB 
-ec:ologicalfootprintsrefertothesize 
of landAvater needed to support a 
population. The units should be given 
ashec:tares(ha)orglobalhectares 
(gha). 

W¥41D· 
Be aware of some of the differences 
in the size of ecological footprint 
forcontrastingcountries,aswellas 
differencesinthestructure(make-up) 
ofthefootprint,asshownin Figure 
3.22. 
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• QUICK CHECK QUESTIONS 

51 State the units that ecological footprints are measured in. 
52 What is the biggest contributor to the ecological footprint of a) Qatar, 

bl Brazil and cl India, as suggested in Figure3.22. 

Ecological footprints in LEDCs and MEDCs 

I,. <1 . 1-<2 . 2-<4 . 4--6 .>6 Nodilta I 
Fig ure 3.23 Global ecological footprints (global hectares per person) 

A number of factors help explain the differences in the ecological footprints of 
populations in LECCs and MEOCs 
• Ecological footprints can be related to stages of the demographic transition 

model (DTM) 
• Generally there is an increase in the ecological footprint with each stage 

of the DTh1. However, highly developed countries may now be reducing 
footprints through, for example, energy efficiency strategies 

• Energy use is much greater in later stages as people have more appliances. 
• Greater wealth leads to higher consumption of goc,ds and natural resources 

such as water. 
• There is more use of trans{X}n/travel by individuals in stages 4 and 5, so more 

carbon emissions occur. 
• In stages 4 and 5 more gcxx:ls are im{X}ned, so there are more {X}llutants, food 

miles and carbon emissions 
• There is also greater production of domestic waste in stages 4 and 5, so more 

areaisneededtoabsorb it. 
• Increasing levels of industrialisation from stage 3 onwards lead to more 

{X}llutants. 
• Populations more dependent on fossil fuels ha\·e higher C01 emissions 
• People in later stages of the DTM tend to eat more meat than those in earlier 

stages. 
• Data for fcxx:I consumption are often given in grain equivalents, so that a 

fX)pulation with a meat-rich diet would tend to consume a higher grain 
equivalent than a population that feeds directly on grain 

• In MEOCs, about twice fl'l much energy in the diet is provided by animal 
products than in LECCs. 

• Grain production will be higher with intensive farming strategies. 
• The footprint for a meat eater is likely to be much larger than for a 

vegetarian because production of meat requires a greater energy input than 
growing crops. 
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• Meat eaters are eating at a higher trophic level, which means more land is 
requiredtocreatefeedforlivestockandforraisinglivestock. 

• Transp:>rt of meat for processing increases the footprint sire 

Tab le 3.17 Ecological footprints fo r China, India, USA and UK 

Country Po pu lat io n Ecolog ica l footp ri nt pe r person (g ha) 

China 1.3billion 1.84 

India 1.15billion 1.06 

USA 303million 12.22 

UK 60million 6.29 

• QUICK CHECK QUESTIONS 

53 Describe the main pattern of global ecological footprints as shown in 
Figure3.23. 

54 Using the data in Table 3.17, work out the total ecological footprint for each 
of the four countries. 

National and development policies and cultural 
influences on human population dynamics and 
growth 

• Many policy factors influence human population growth. Policies can be 
described as pro-natalist (in favour of more binhs) or anti-natalist (trying to 
reduce the binh rate) . Other policies can indirectly affect the death rate and 
thebinhrate 

• Agricultural development, improved public health and sanitation, and better 
service infra5tructure can stimulate rapid population growth by lowering 
mortality without significantly affecting fertility. 

• Some parents may want large families as they may depend on their children 
during their old age 

• Following urbanisation, birth rates often fall, as more women have jobs in the 
formal and informal sectors 

• Increased awareness about family planning can increase its usage and help 
reduce the birthrate 

• Cultural or religious influence on contraception usage/non-usage can 
increase/decrease fertility 

• Boys being more valued than girls in some cultures can increase fertility so 
that more OOys are born 

• Policies that target female education and female panicipation in the job 
market are believed to be the most effective methcxl for reducing population 
pressure 

• Policies can encourage immigration to facilitate gaps in the laOOur market in 
countrieswithfallingbirthrates. 

13°!:i::H,l::ibM i 
When calculating ecological footprints 
fromdatasuchasthoseinTable3.17, 
don'tforgettocheckwhetheryouare 
dealingwithmillions(6zerosafterthe 
number)orbillions{ninezerosafter 
the number)! It is easily done! 

Ui¥4ib· 
Different sources produce different 
estimatesofacountry'secological 
footprint. For example, the data 
usedinFigure3.22andTable3.17 
suggestdifferentvaluesfortheUSA's 
ecological footprint. However, both 
suggest that it is large, just as both 
suggestthatlndia'sissmall. 

i@fflffflllli I 
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CASE STUDY 

CO NTRASTING POPULATI ON POLI CIES IN CHINA AND SINGAPORE 
The most famous anti-natalist policy is China's one-child policy. Introduced in 
1979, it limits the majority of Chinese families to just one child. Without it, 
China's population would now be 400 million larger. 

Some critics believe that China's fertility would have come down regardless, as 
a result of urbanisation, industrialisation, improved female education and more 
working women. Policies directed towards the education of women, enabling 
women to have greater personal and economic independence, may be the most 
effectivemethodforreducingpopulation pressure. 

Singapore also followed an anti-natalist policy but changed during the 1980s to a 
pro-natalistpolicy.ltsfertilityratehaddroppedtobelowl.25,andtheworkforce 
was decreasing in size. The government offered incentives to families to have 
threeormorechildreniftheycouldaffordthem. 

Despite the incentives, Singapore's fertility rate has remained low, as women 
continue to play an active role in the workforce, and are choosing jobs ahead of 
having children. 

The Millennium Development Goals 
In 20C() the United Nations announced its Millennium Development 
Goals. The aim of the goals is to address issues of poverty, inequality and the 
environment. Many of them address population growth indirectly, for example: 
• MOO I Eradicate extreme poverty and hunger 
• MOO 3 Promote gender equality and empower women 
• MOO 4 Reduce child monaliry 
• MOO 5 Improve maternal health 

• QUICK CHECK QUESTIONS 

SS Brieftj explain the meaning of the terms anti-natalist and pro-natalist. 
56 What is believed to be the most effective way to reduce the birth rate? 

Population, resource consumption and 
technological development, and their influence 
on carrying capacity and material economic 
growth 
As countries develop and improve their standard of living (material economic 
growth), their use of resources increases. The use of technology reinforces the 
consumption of resources. For example, in MEOCs and in newly industrialising 
countries (N!Cs) such as India and China, the use of cars, computers and 
electrical go:xls has increased, thereby increasing the demand for more energy 
resources. Many believe that the world is reaching its carrying capaciry. 

The world has been described as a 'globalised consumer culture', in which 
resources are extracted, manufactured into goods, transponed, stored, sold and 
thrown away, to make way for new goods. The demand for consumer goods has 
increased dramatically in the last JO years, putting the world's resources w-u:ler 
great pressure 

13°!:i::H,l::ibM i 
Somestudent5statethattheone-child 
policy is the reason for the fall in the 
birthrateinChina. ltisjustonefactor 
among many- female education, 
femaleparticipationintheworkforce, 
rising material ambitions and 
industrialisation are also important. 

ltiLID· 
Evenifthebirthratefalls,therecould 
beanincreaseinpopulationsize.This 
is known as populatio n moment um . 
Thisisbecauseofalargeproportion 
of the population entering the 
reproductive years and is common in 
countrieswithayouthfulpopulation. 
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The role of technology 

Because technology plays such a large role in human life, many economists 
argue that human carrying capacity can be expanded continuously through 
technological innovation. Like Boserup, the technocrats believe that 'necessity 
LI the mother of invention', and that human flexibility and intelligence will find 
a solution. 

If we leam to use energy and material twice as efficiently, we can double the 
population or the use of energy without necessarily increasing the impact (load) 
imposed on the environment. However, many of the 'solutions' e.g. HEP and 
nuclear energy, require vast amounts of fossil fuels for their construction 

To compensate for foreseeable population growth, improvements in standards 
of living and the economic growth that is deemed necessary (especially in 
LEOCs and N!Cs), it is suggested that efficiency would have to be raised by a 
factor of 4 to 10 to remain within global carrying capacity 

Many fomlS of sustainable development, such as sustainable urban 
development, are very expensive. While it LI still cheaper to extract fossil fuels 
than develop alternative technologies (e.g. hydrogen fuel), governments and 
oil companies will continue to take the easy options. Governments face many 
pressures and calls on their resources - investing in technologies that might not 
be paid back for many decades is not seen as a \'ote winner. 

• QUICK CHECK QUESTIONS 

57 Explain the meaning of the phrase g/oba/ised consumer culture. 
58 Brieflyexplainwhyincreasingstandardsoflivingleadtogreaterresource 

consumption. 

EXAM PRACTICE 

20 Explainwhysomepeoplebelievethattheecologicalfootprintsof 
somecountriesneedtobereduced. Justifywhetheranecocentricor 
atechnocentricapproachtoreducingtheecologicalfootprintismore 
likely to be successful. [9] 

21 Discusshowdevelopmentpoliciesandcultural influences can affect 
human population dynamics and growth. [8] 

i@ifftfl-

l+iululU:l:rihMi 
Reducing population grmvth does 
notnecessarilyleadtolowerresource 
consumption-usuallyitcoincides 
with increased consumption. 

As countries develop, their ecological 
footprintgenerallyincreases,and 
theneedforsustainableformsof 
development increases. The world 
could support many more people 
livingattheecologicalfootprint 
ofthe'average'lndianorAfghan 
crtizen,comparedwiththe'average' 
American citizen. 



Conservation and biodiversity 

Biodiversity in ecosystems 

Species, habitat and genetic diversity 

In each cell, DNA contains the genetic information that codes for the structure 
and characteristics of an organism. The DNA is divided into sections that code 
for panicular characteristics in a species - these sections are called genes 

The term gene pool refers to all the different genes in a population. Species 
with a small gene pool (i.e. low genetic diversity) are more at threat from 
extinction than those with a larger gene pool. In a large gene pool, it is more 
likely that alleles exist that will help the species survive any change in their 
environment. A smaller gene pool means that adaptive genes are less likely to 

exist and a species is less able to adapt and survive 

Figure 4.1 Cheetahs have a small gene pool : such species are prone to extinction 

Natural selection 

Charles Darwin developed the theory of evolution by natural selection. This 
explained how the Eanh's biodiversity llil'i arisen: 
• Populations show variation. 
• Populations always over-reproduce to produce excess offspring 
• Resources, such as food and space, are limited and there are not enough for 

all offspring 
• There is competition for resources. 
• The best adaptedsurvive('survivalofthefittest'). 
• The individuals that survive contain genes that give them an adaptive 

advantage. 
• These genes are inherited by offspring and passed on to the next generation. 
• Over time there is a change in the gene pool, which can lead to the 

formation of new species. 

Speciation is the process by which new species form. Natural selection works 
with isolating mechanisms to produce new species (see page 80). 

• QUICK CHECK QUESTIONS 

Define the term biodiversity. 
Explainthedifferencebetweenspeciesn·chnessandspeciesdiversity. 
Outline the differences between habitat diversity and genetk dive(5ity. 
Definethetermevo/ution. 
Outline the theory of evolution by natural selection. 

&it@- I 
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KeywordJefinitions 
Bicxliversity is the amount of 
biologicalorlivingdiversityper 
unit area. It includes the concepts 
ofspeciesdiversity,habitat 
diversity and genetic diversity. 

Species diversity is the variety of 
species per unit area. This includes 
both the number of species present 
and their relative abundance. 

Habitat diversity is the range 
of different habitats or number 
of ecological niches per unit 
area in an ecosystem or biome 
Conservation of habitat diversity 
usually leads to the conservation of 
species and genetic diversity. 

Genetic diversity is the range of 
genetic material present in a gene 
pool or population of a species 

·tM-1 

KeywordJefinitions 

A species is a group of organisms 
that interbreedandarecapableof 
producing fertile offspring 

Keyword definitions 
Isolation is the process by which 
rwo populations become separated 
by geographical, behavioural, 
genetic or reproductive factors 
If gene flow between the two 
subpopulations is prevented, 
new species may evolve. See also 
evolution 

Speciation is the process through 
which new species form. See also 
evolution. 



Keyworddefinitiom 
Evolution is the cumulative, gradual 
change in the genetic characteristics 
ofsuocessivegenerations ofaspecies 
or race of an organism, ultimately 
givingrisetospeciesorraces 
different from the conunon ancestor 
Evolution reflects changes in the 
genetic composition of a fX>PUbtion 
overtime. 

Figure 4.2 Charles Darwin published the Origin of Species in 1859; the book 
explained and provided evidence for the theory of evolution by natural 
selection 

The role of isolation in forming new species 

Geographical isolation 
Geographical isobtion is caused by a physical barrier that leads to populations 
becoming separated, eventually leading to speciation (Figure 4.3 ). Causes of 
geographical isobtion include plate activity (see page 81 ), the formation of 
mountains, seas, lakes, rivers and deserts. 

Figure 4.3 The process of speciation: 1 original population; 2 geographical 
isolation divides the population into two separate groups; 3 populations 
become adapted to different local condit ions and become genetically 
different from each other; 4 reproductive isolation occurs and the species 
cannot interbreed iftheymeet 

Reproductive isolation 
Reproductive isolation is caused by processes that prevent the members of two 
different species from producing offspring together. It includes 
• environmental isolation - the geographic ranges of two species overlap, but 

their niches differ enough to cause reproducti\·e isolation 
• temporal isolation - two species whose ranges overlap have different times of 

activity 
• behavioural isolation - counship rituals (breeding calls, mating dances etc.) 

between two species vary, such as in birds of paradise 
• mechanical isolation - physical differences in, for example, reproductive 

organs prevent mating or pollination 
• gametic isolation - sperm and ova are incompatible, and will not allow 

fertilisation to take place. 

13"1:h:i HluMM i4 
Some think that biodiversity is only 
seen inanimals.Thisisincorrect-itis 
atermthatcanbeappliedtoallliving 
organisms. 

Don'tforgettoinclude'perunitarea' 
in the definition of biodiversity. 

Species n·chness {the number of 
species)isoftenusedincorrectlyasan 
equivalent term to species diversity. 
Speciesrichnessissimplythenumber 
ofspeciesinanarea,whereasspecies 
diversityalsoincludestherelative 
abundanceofeachspecies{see 
page 17). 

iiffliffflllli I 
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Plate activity 

The outer crust and upper mantle (the lithosphere) of the Earth are divided 
into many plates that move over the molten part of the mantle (magma). 
• Plates move apart, slide against each other or collide 
• Plates move apart at constructive plate margins (Figure 4.4) 
• Plates move together at destructive plate margins (Figure 4.5 ). 
• Plates collide at collision pfote margins (Figure 4.6). 

Figure4.4Aconstructiveplate margin : 
1-"',._=='lfC= =!!.._-I continental plates moving apart (e.g. the 

EastAfricanriftvalleysystem, including 
Lake Tanganyika and Lake Victoria); 
magma rising from a gap in the crust 

________ ,. maycreatenewland(e.g. Iceland) 

Figure4.5Adestructive plate margin : 
crust issubductedbeneath (forced 
under)theothercrust,causing rising 
magma to form new land (e.g. the 

--~------ Andes of South America) 

Figure4.6Acollision plate margin : ..=~--.>-..-~~.., continental plates collide, leading to 
increased continental plate thickness 
andeventuallynewmountainranges 
(e.g. the Himalayas,wherethe Indian 

'--------- plateispushedagainsttheAsian plate) 

• The separation of continental plates leads to isolation of populations. This 
separates organisms with a common ancestor. Separation of gene pc:ols results 
in divergent evolution, for example within the ratites (flightless birds): emu 
in Australia, ostrich in Africa, rhea in South America. 

• Collision of plates can lead to uplift and mountain formation. The mountains 
form a physical barrier, which isolates populations. The uplift also creates 
new habitats, promoting biodiversity. Adaptation to new habitats then occurs 
through natural selection 

• Collision of plates can also cause the spread of species through the creation of 
land bridges. This leads to a mixing of gene pc:ols and possible hybridisation 

• Plate activity can create new islands, usually through volcanic activity. This 
can lead to adaptations to fill new habitats/niches - see, for example, the case 
srudyonpage82 

• The movement of plates to new climate regi011S leads to evolutionary change 
to adapt to new conditions, for example the nonhwards movement of the 
Austrnlianplate. 

Keyword defin it ion 
Plate tectonics is the movement of 
the eight major and severnl minor 
internally rigid plates of the Eanh's 
lithosphere in relation to each 
other and to the partially mobile 
asthenosphere below. 
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CASE STUDY 

GALAPAGOS FINCHES 
• The Galapagos Islands were created by rising magma from breaks in the crust ('hot ,pots'). 

• Volcanic islands were formed as a plate moved over the hot spots. 

• An ancestral finch colonised the islands from mainland South America. 

• Different populations of the finch became isolated on different islands. 

• Theyadaptedtothedifferentconditionsfoundoneach island(seeFigure4.7). 

• Galapagos finches have undergone speciation to fill many of the niches on these vokanic islands and they now are very 
different from the original mainland South American finch. 

Largecactuslirxh 
(Geospi.litnx1irowi5) 

Cactus finch 
(Geospizascitlldens) 

seed-&1ting 
ground 
finch 

Mangrove find! 
(Cdfflar/'ryndlushellobates) 

~ 
Woodpecker find! 

{Cil!llilr/'rynchuspallidus) 

Warbler finch 
{Certhideao/iViKN) 

~ 
Cocos island finch 

(Pinaroloxiitsinoma@) 

Sharp-beitkedgroundfinch 
(Geospizadiffkills) 

~~ , -~ . Small ground finch 
{GeosplzafuliginO!iit) 

largegroondfinch 
(Gea;pizamilgfliro5tris) 

Medium ground finch 
(Geospizafortis) 

figwre ,.1 lpedation in Galapagos finches; lhi, proc.,.,, is known as ada ptiw r~diation 

• QUICK CHECK QUESTIONS 

Outline how geographical isolation leads to speciation. 
Explain the role of reproductive isolation in the formation of new species. 

8 Outlinetheroleofplateactivityinspeciation. 

Ecosystem stabi lity and succession 

The process of succession 
The formation of an ecosystem from, for example, bare rock is called primary 
succession· 
• Pioneer species arrive (e.g. lichens, mosses, bacteria). 
• Aspioneersdie,soiliscreated 
• New species of plants arrive that need soil to survive - these displace pioneer 

species 
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• Growth of plants causes changes in the environment (e.g. light, wind, 
moisture) 

• Growth of roots enables soil to be retained; nutrients and water in the soil 
increase. 

• Nitrogen-fixing plants arrive, adding nitrates to soil 
• Soil depth increases further, allowing shrubs and other taller plants to 

arrive. 
• Animal species arrive as species of plant they rely on become established 
• A climax community is established 

Succession in areas that already have soil is called secondary succession 
Diversity changes through succession (see pages 30, 32--33): 
• Greater habitat diversity leOOS to greater species and genetic diversity. 
• Complex ( i.e. climax) eco,ystems have a wider variety of nutrient and energy 

pathways, which provide stability (pages 32- 33) 

Human activities such as logging, grating and burning modify succession (see 
pages 32-33 ). They often simplify ecosystems, rendering them unstable - for 
example, North American wheat farming, a modified system, compared with 
tallgrassprairie,aclimaxcorrununity. 

An ecosystem's capacity to survive change may depend on diversity, 
resilience and inertia 
• Diversity is the number and relative abundance of species present 

(seepages 17- 18) 
• Inertia (or persistence) is the resistance of an eco,ystem to being altered 
• Resilience is the ability of an ecosystem to recover after disturbance 

Worked examp le 

Using the terms dit'£'Tsiry, inertia and reJi!ience, describe the effects of 
disturbance on tropical rainforest. Compare the effects with one other 
contrasting ecosystem 
• Tropical rainforests have high diversity and inertia, but if they undergo 

large-scale disturbance through logging or fires they have low resilience 
(i.e.takealongtimetorecover). 

• Complex ecosystems such as rainforests have complex food webs that 
provide high inertia: if one part of a food web is lost other organisms are 
likelytobetheretoreplace it. 

• They also contain long-lived species and dormant seeds and seedlings that 
promote inertia. 

• Rainforests have low resilience because they have thin, low-nutrient 
soils. Nutrients are locked-up in decomposing plant matter on the surface 
and in rapidly growing plants within the forest, so when the forest is 
disturbed, nutrients are quickly lost when the leaf layer and top soil are 
washed away. 

• Grasslands have low diversity and low inertia (i.e . they bum very easily) 
but are very resilient, becall'le they have nutrient-rich soils, which can 
promote new growth 

• QUICK CHECK QUESTIONS 

9 Describe the process of succession. 
10 Distinguish between primary and secondary succession. 
11 An ecosystem's capacity to survive change may depend on diversity, resilience 

and inertia. Define the terms diversity, resilience and inertia. 
12 Explainhowdisturbance\\~llaffectdiversity, resilienceandinertiaina named 

ecosystem. 

Keyword definition 
Successionistheorderlyproces'lof 
change ooer rime in a community. 
Changes in the community of 
organisms frequently cause changes 
in the physical environment that 
allow another community to become 
establishe.:landreplacetheformer 
through competition. Often, but not 
inevitably, the later communities 
in such a sequence or sere are more 
complex than tho,e that appear 
earlier. 

Keyword defin ition 
A climax community is a 
community of organisms that 
ismoreorlessstable,andthat 
is in equilibrium with natural 
environmental conditions such 
as climate. It is the end point of 
ecological succession 
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EXAM PRACTICE 

1 a Define the termspeciesdiversity. 

b Explainhow natural selection canprcxluce newspecies. 

2 State,giving examples. two ways in which anunderstandingof 
platetectonics has helpedtoexplainpatternsofbi cxl iversity. 

3 Explain the relationship between succession and stability. 

4 a Define the term succession. 

b Explainhowdiversitychangesthrough asuccession. 

c Using the termsdiversity,inertiaandresi/ience,outline theeffects 
of disturbanceona named ecosystem. 

Evaluating biodiversity and 
vulnerability 

Factors that lead to loss of diversity 

Natural events can cause a loss of diversity. Examples include: 
• volcanic activity 
• drought/flcxxls 
• iceages 
• meteorimpacts 

Human actions can cause a loss of diversity. Examples include: 

111 
121 

141 
161 
111 
151 

16] 

• agricultural practices such 3S monoculture (a crop of only one species), use of 
pesticides and use of genetically modified species 

• habitat degradation, fragmentation and loss 
• introduction of non-native (invasive) species 
• pollution 
• population growth, leading to disturbance of habitats, pollution, etc. 
• overhunting, collecting and harvesting 

The rate of bicxliversity loss will vary from country to country depending on; 
• the ~stems present 
• the protection policies and monitoring systems in place 
• environmental viewpoints of the local residents 
• the stage of economic development ( i.e. LEOC or MEOC). 

• QUICK CHECK QUESTIONS 

13 List three naturalcausesofbiodiversityloss. 
14 List six humancausesofbiodiversityloss. 
15 Outline how agricultural practices have led to a loss of biodiversity. 

Vulnerability of tropical rainforests 

Tropical rainforests cover only 5.9% of the Eanh's land surface but may 
contain up to 50% of all species. They are found in South America, Africa and 
SoutheastAsia 

The climate is warm and stable: 
• Temperatures vary from 20°C at night to 35°C at midday. 
• Rainfall is high, with up to 2500mm per year 

The constant warm temperatures, high insolation and high rainfall lead to high 
levels of photosynthesis and high productivity (NPP - see page 26): 
• High productivity leads to high biomass 
• This leads to ecosystem complexity, abundant resources (e.g. fcxxl) and niche 

diversity. 

i!M¥NM I 
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A way of remembering the human 
causesofbiodiversityl<>5sisthe 
mnemonic A HIPPO: Agriculture, 
Habitat loss, Invasive species, 
Pollution, Populat ion (i.e. the 
effects of populat ion growth) and 
Overhunting. 

iM¥1111 I 
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• Abundant niches lead to high species richness. 
• Biodiversity is therefore high (rainforests contain biological hotspots). 

Tropical rainforests are vulnerable to disturbance, with an average of 
1.5 hectares (equivalent to a fcxnball pitch) lost every 4 seconds. Because they 
have high biodiversity, many species are affected when they are disturbed. 
Deforestation and forest degradation are being caused by demands for: 
• timber 
• landforcattletoprovidebeef 
• soya and biofuels (e.g. oil palm in Southeast Asia). 

Tropical rainforests are found on nutrient-poor soils that are thin and easily 
eroded once forest is cleared. The time taken for rainforest to regenerate 
depends on the level of disturbance· 
• Small-scale disturbance, for example from shifting cultivation (pages 62 and 

66), can recover in around SO years. 
• Large areas of cleared hnd will take longer to grow back (around 4000 years), 

if at all 
• Areas subject to selective logging methods will regenerate more quickly than 

areas logged using conventional methods 

Threats to tropical rainforest in the 1970s and 1980s led to the growth of the 
Green movement. Green politics is an ideology that places central importance 
on ecological and environmental goals, and sustainable development. The 
Green movement aims to reduce deforestation and increase reforestation 

Past and present rates of species extinction 

The fossil record shows that there have been five periods of ma:;s extinction in 
the pa<;t (see Table 4.1 ). Mass extinctions include events in which 75 per cent 
of the species on Earth disappear within a geologically short time period, usually 
between a few hundred thousand to a few million years 

Tab le 4.1 Past mass extinctions, during which 99% of all species that have ever existed on Earth have been lost 

Period Millions of years ago Possiblecauseofmassextinct ion 

Cretaceous- 65 Asteroid impact 
Tertiary 

Volcanicactivityleadingtoclimatechange 

End Triassic 199-214 Volcanicactivityleadingtoclimatechange 

Permian-Triassic 251 ComeVasteroidimpact 

Volcanicactivityreducing01 in sea 

Late Devonian 364 Global cooling (followed by global 
warming}, linked to diversification of land 
plants (less COi in atmosphere) 

Ordovician- 439 Sea-levelchangesduetoglacierformation 
Silurian 

Past mass extinctions have been caused by natural, physical (abiotic) causes 
Scientists consider that the Earth is currently undergoing a sixth mass 
extinction, caused by human activities (i.e. biotic causes) .The current ma:;s 
extinction can be divided into two phases: 
• Modem humans dispersed to different parts of the world, around 1 OO(X)() 

years ago. 
• Humans started to grow food using agriculture, around lOOOOyears ago. 
• Scientists predict that at current rates of extinction the Earth will enter its 

sixth ma:;s extinction within the next 300- 2000 years 

Biodivers ity loss 

16%ofmarinefamilies 

18%oflandvertebratefamilies 
including dinosaurs 

76%ofa ll species 

23%ofallfamilies 

80% of a ll species 

57%ofallfamilies 

96%ofa ll species 

(largest mass extinction) 

19%ofallfamilies 

75%ofa ll species 

27%ofallfamilies 

86%ofa ll species 
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• QUICK CHECK QUESTIONS 

16 Define the term mass extinction. 
17 What is the difference between past mass ext inctions and the predicted sixth 

mass ext inction? 

Factors that make species prone to extinction 

Not all species are equally vulnerable to extinction. Certain animals and plants, 
through their ecology or behaviour, are more at risk. Factors include: 
• small population size, which leOOs to a reduced gene pool and therefore 

the species is more prone to disease and inbreeding, and susceptible to 
environmental change (e.g. Asiatic cheetah) 

• limited distribution (e.g. golden lion tamarin monkey - see page 89) 
• high degree of specialisation in, for example, dietary needs (e.g. giant panda, 

which mainly eat.I bambcx>) 
• slow reproductive rate, i.e. K-selected species with a small number of young 

(e.g. western lowland gorilla) 
• low reproductive potential (e.g. Bicknell's thrush in Canada only has 

2CXXl- 5CXXlbreedingpairs) 
• non-compet itive/altruistic behaviour (e.g. the dcxlo, extinct since the late 

seventeenth century) 
• high trophic level, such as a top carnivore, which can accumulate toxiru (e.g 

Hawaiian monk seal) 
• long migration routes (e.g. Siberian crane) 
• complex migration routes (e.g. southern blue fin tuna) 
• habitat under threat (e.g. Sumatran tiger - see page 88) 
• under human pressure from hunting, collecting, trOOe etc. (e.g. Sumatran 

rhino). 

Determining a species· Red List 
conservation status 

The International Union for Conser vation of Nature (]UCN) has worked 
for more than four decades to assess the conservation status of species on a 
global scale. The IUCN presents this information in the Red List . This is 
done to: 
• highlight species threa tened with extinction 
• promote conservation of threatened species 

Different factors are used to determine a species' conservation status. A sliding 
scale operates, from leai1 concern to extinc1. Factors include: 
• populationsize 
• reduction in population size 
• numbers of mature individuals 
• geographic range and degree of fragmentation 
• qualityofhabitat 
• areaofoccupancy 
• degree of endemicity (i.e. only fmmd in one specific area) 
• probabilityofextinction. 

• QUICK CHECK QUESTIONS 

18 State three characteristics that might make an organism vulnerable to 
extinction. 

19 Distinguish between the terms background extinction and mass extinction. 
20 State the role of the IUCN Red List. 
21 Outline the factors that are used to determine Red List conservation status. 

fi§fflllll I 

Naturalfactorsthatleadtoa loss of 
biodiversity operate at two different 
orders of magnitude: 

• Extinctionatalocallevel 
(background ext inct ion)caused 
by, for example, droughts, floods, 
habitatloss,disease,thee"°lution 
of a superior competitor. 

• Massext inct ionscausedbyglobal 
catastrophic:events,forexample 
volcanic activity, meteor impact and 
glacialeventscausingchanges in 
sea level. 

13°1:irUli,i::MM i 
lfanexamquestionasksyouto 
outlinefactorsthat makeaspecies 
pronetoextinctionuseexamples 
such asthosegivenhere:donottalk 
about general causes for the loss 
of biodiversity, for example floods, 
droughts and volcanic activity. 

i#\fMJMM I 
Ui¥41D· 

TheRedListclassific:ationsystemhas 
several different conservation status 
categories. You do not need to know 
the definitions of these. 

l+iululU:l:rihMi 
If you areaskedtogivefactorsthat 
areusedtodetermineas.pecies' 
Red List conservation status, do not 
talkabouthumanactivitiessuchas 
logging: even though such activities 
mean that some species are more 
vulnerable than others, it is not a 
factorthatdeterminesRedListstatus. 
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Extinct, critically endangered and back from 
the brink 

CASE STUDY 

THE ELEPHANT BI RD OF MADAGASCAR 

figl,ntt.l Anelephantbirdeggcomparedwithachickenegg 

Endemic to the island of Madagascar and therefore, once lost there, it was lost globally. 
Humans arrived on the island from Southeast Asia, which led to the extinction of the giant 
bird around lOOOyearsago: 
• Theforestthespeciesreliedonforsurvivalwasclearedandburnt. 

• Around 80% of the original natural vegetat ion was lost. 

• Thehabitatwasclearedtocreatelandforfarming(riceandgrazinglandforcattle). 

• The surviving forest did not have enough vegetation to support the giant bird, or it 
included vegetation of the wrong sort (e.g. Baobab trees). 

• The elephant bird's nutritious eggs were eaten by humans (one egg"' 140 chicken eggs -
thelargesteggofanyspeciesthathasexisted). 

Spiny seeds of the endemic plant Uncarina were dispersed on the feet of the elephant 
bird. The loss of the elephant bird would have affected the dispersal of the plant, although 
domestic animals introduced to the island may now help to dispe~e the seeds. 

The forest coconut is a critic.ally endangered endemic species that may have been adapted 
for passage through the elephant bird gut - the current poor dispersion of this species may 
haveresultedfromtheextinctionoftheelephantbird. 

The species was the heaviest bird that has existed {around 0.5 tonne) and would have eaten 
large amounts of vegetation, for example in the spiny forest to the south of the island. The 
loss of the species would have left more vegetation for other species such as Sifaka lemurs. 
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CASE STUDY 

THE SUMATRAN TI GER 

F,gur•4.9 ASumatrantigllf 

Has a small and declining population for the following reasons: 
• Loss of habitat(tropical rainforest). 

• ltisseenasadangertohumansandlivestcx:kandsoishunted. 

• Fragmentation of its habitat makes breeding difficult . 

• The high market value of its body parts encourages poaching. 

• As a top predator its population is small bec.ause little energy reaches the top of the pyramid. 

• Thespeciesisonlyfoundononeisland(Sumatra)andsoitispronetoextinction. 

• A large area is needed to maintain a viable population, but tropical rainforest on the island of 
Sumatraisrapidlybeingcut down. 

• The small populat ion size leads to low genetic dive~ity, which leaves the species more prone to 
disease. 

Species at the trophic level below would become more numerous. 

The shortened food chain produces imbalances at other trophic levels. 

Sick or weak animals lower down the food chain, usually eaten by this species, are no longer killed. 

Less fit individuals lower down the food chain survive to breed. 

Decomposer organisms associated with the tiger's dung are lost. 
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CASE STUDY 

THE GOLDEN LION TAMARIN MONKEY 

figura4.10 Agoldenliontamarinmonkey 

Critically endangered, butconservationstatushasbeenimprovedbyintervention 

90% of their original forest habitat {tropical rainforest) in Brazil has been cut down. 

The remaining habitat is small and fragmented. 

The species is only found in one small area of Brazil, and is therefore especially prone to 

Thought by some people to be carriers of human diseases such as yellow fever and malaria, and 
werekilledforthisreason. 

Kept as pets as part of exotic pet trade. 

The golden lion tamarin eats fruits , insects and small lizards. Loss of the species would mean the 
following: 
• Seeddispersalofplantsthathavefruitseatenbythemonkeywouldbeaffected. 

• Species at lower trophic levels, such as insects and small lizards, would become more 

• Species at higher trophic levels would become le,s numerous. 

• Shortened food chains would produce changes in other trophic levels and produce imbalances 
intheforestfoodweb. 

Numbers in the wild have increased from a low of 400 in the 1970s to around 1000 today. 

Captive breeding programmes in zoos (ex situ conservatio n) have produced number., that 
allowreleaseintothewild. 

Thereareeffortstopreservenativeforestsfor in situ conservation, forexampleReserva 
Biologica de Poyo das Antas, near Rio de Janeiro. 
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Natural area of biological significance under threat 

CASE STUOY 

BORNEO'S RAINFOREST 
T•ble4.5 Thethr<'at1facedbyBorneo·,rainfore,t 

Borneo tropical rainforest 

• Borneo is the third largest island in the world and has historically been covered by tropical rainforest. 

• Rainforest is dominated by dipterocarp trees - long-lived, tall, hardwood trees that are valuable 
timber species. 

• The island has high species diversity, with 15000 plant species, 220 mammal species and420 bird species. 

• Around 20% of the mammal species are endemic to Borneo. 

• 300speciesoftreecanbefoundin 1 hectare of forest. 

• Many species are oo the Red List- fOf exafll)le orang-utan, sun bear, Asian elephant and Sumatran rhino. 

• Natural forest fires 

• Drought 

• Dry periods (El Nino) are caused by the Southern Oscillation, where surface air pressure and ocean 
temperatures fluctuate between the eastern and western tropical Pacific, causing drier periods in 
onelocationandwetterintheother. 

• El Nit'io contributed to widespread fires in 1982-1983 and 1997-1998. 

• Borneo lies south of the Pacific hurricane belt and so is not subject to these very high winds, 
although tropical storms can cause canopy or emergent trees to fall, with many neighbouring trees, 
attachedbylianas,beingbroughtdownwiththem. 

• The rainforest has been commercially logged since the 1970s for export markets, with logging 
accelerating in the 1980sand 1990s. 

• In 1974 forest cCNer was estimated to be 6.4 million ha (88% of the total land areal whereas only 
4.5 million ha remained in 1985 (i.e. a 30% reduction in 11 years). 

• The deforestation rate (2000- 2005) was 3.9% per annum. 

• At the peak of logging operations, trees were removed in large numbers (up to 1oom1ha-1 in volume). 

• Conventional logging methods were not selective and caused damage to the remaining forest. 

• More recently, selective logging (reduced-impact logging - Rill methods have been used. These 
causelessdamageandallowfasterregenerationofforest. 

• Since the 1990s oil palm has been planted on cleared land (see Figure 4.11). 

• One hectare of oil palm yields up to 5000 kilograms of crude palm oil. 

• Most oil palm plantations are owned by the state or by transnational corporations. 

Figu,...4. 11 0ilpalmi,u..,duafood(e.g.inmargarine.cookingoil.i<e 

cream.readymeak,biKuinandcake,)andi,al><>usedintheproduction 

ofdetergent<andcovnetics.Oilpalmhasreplacedtropicalrainforertover 
largearea,ofBorneo 
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Tllbkl4.5 (Contin!Rd) 

• Damage to the remaining forest is proportional to the amount of timber remc,,.,ed. 

• Heavily logged forest using conventional methods can remCNe 94% more timber than 
inRILsites. 

• Conventional logging methods can severely damage forest structure, leading to an increase in light-
loving, riverine species such as Macaranga trees. 

• Changesinforeststructumreducebiodiversity. 

• Rllisbeneratpmservingforeststructureandbiodiversity. 

• Oil palm plantations are monocultures with low species diversity. 

• Oil palm plantations fragment rainforest, block migration routes, and remove habitats for animals. 

• Insecticides and herbicides are used to control insect pests and weeds, and so reduce biodiversity. 

• Animals such as Asian elephants and orang-utans that stray into the plantations can be illegally killed. 

• Without forest cover, soil is eroded, making it difficult/impossible for the original vegetation to regrow. 

• Loss of forest cover causes changes to stream flow and reduces stream diversity. 

• Los.s of forest reduces transpiration from leaves, which affects local weather patterns, leading to 
drier areas more prone to fire. 

• Thevaluablerolethattheecosystemprovides, throughbiodiversityandcontrollingweather 
pattems,hasbeenreduced. 

• The role of the rainforest as an economic resource (e.g. though ecotourism) has been reduced. 

• QUICK CHECK QUESTIONS 

22 Describe the ecological role of a named extinct species and outline the 
possibleconsequencesofitsdisappearance. 

23 With reference to the case history of a named critically endangered species 
describethehumanfactorsthathaveledtoitsconservationstatus. 

24 Describe how the conservation status of a named endangered s.pecies is 
being improved by intervention. 

25 Describe the case history of a natural area of biological significance that is 
threatened by human activities. 

EXAM PRACTICE 

5 Outline threereasonswhytropicalrainforestsarevulnerabletohabitat 
destruction. [3] 

6 Name a species of plant or animal that has become extinct, and list two 
factorsthathelptoexplainwhythatspeciesbecameextinct. [2] 

7 List threecharacteristicsthatmightmakesomebirdspeciesmoreprone 
to extinction than others. [2] 

8 Suggestwhymoreextinctionscanbeexpectedonislandsthanon 
continents. [5] 

9 Withreferencetoa named ecosystemdescribethenaturalandhuman 
threatsitfacesanddiscus.stheconsequencesofthisdisturbance. [10] 

Youneedtobeabletodescribe 
the ecological, socio-political and 
economicpressuresthathavecaused, 
orarecausing,thedegradationofan 
area of biological significance, and the 
consequent threat to biodiversity. 
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Conservation of biodiversity 

Arguments for preserving species and habitats 

There are many different arguments for preserving biOOiversity. These include: 
• ethical reasons (e.g. every species has a right to survive; we have a 

responsibility to safeguard resources for future generations) 
• aesthetic (i.e. visual) reasons (e.g. provides beauty and inspiration) 
• economic reasons: 

genetic resources for humans (e.g. improved crops) 
commercial resources (e.g. new medicines) 

D ecotourism (which benefits from higher levels of diversity) 
• ecological reasons· 

conserving rare habitats (e.g. endemic species require specific habitats) 
ecosystems with high le\·els of diversity are generally more stable 

:::i healthy ecosystems are more likely to provide ecological services (e.g. 
pollination; fkxxl. prevention) 
species diversity should be preserved as it can have knock-on effects on the 
restofthefcx:xlchain. 

Ecosystems provide a variety of different gcx:xls and services: 
• Goods, for example food, fibre, fuel (peat , wcx:xl and non-woody biomass) 

and water from aquifers, rivers and lakes. Gcx:xls can also be from heavily 
managed ecosystems ( intensive farms and fish farms) or from semi-natural 
ones (such 3'i by hW1ting and fishing) 

• Support services - essentials for life, including primary productivity, soil 
formation and the cycling of nutrients. 

• Regulatory services, for example pollination, regulation of pests and diseases, 
climate regulation, flood regulation, water quality regulation and erosion 
control 

• Cultural services, providing opponunities for outdoor recreation, education, 
spiritual well-being and improvements to human health 

It is easier to give value to some a'ipects ofbiOOiversity than others. For example 
commercial (i.e. economic) value can easily be applied to goods such as timber, 
medicine and food. It is more difficult to give value to such things 3'i ecosystem 
support services, ecrn;ystem regulatory services, cultural services, and ethical and 
aesthetic factors. 

The role of intergovernmental and 
non-governmental organisations 

• Non-governmental organisations (NGOs) are not run by, funded by, or 
influenced by governments of any coW1try. Examples include Greenpeace and 
the World Wide Fund for Nature (WWF). 

• lntergo~·ernmental organisations (IGOs) are established through 
international agreements. They bring governments together to work to 
protect the Earth's natural resources. An example is the United Nations 
Environment Programme (UNEP). 

Both governmental organisations and non-governmental organisations are 
involved in preserving and restoring ecosystems and biodiversity. Each llil'i 
contrasting roles and activities 

·tw-• 
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Table 4.6 Contrasting roles and activit ies of NGOs and IGOs 

NGO IGO 

Speed of response Rapid: organisations can make their own Slow: there must be agreement between 
decisions gc,,.,ernments 

Use of media Use film of activities (e.g. chasing whaling Profe5sional media liaison officers prepare 
boats) to gain media attention and read written statements 

Diplomatic constraints Unaffected by political considerations Many constraints: cannot make decisions 
Activities can be illegal, although this is without agreement from all parties 
discouraged Disagreements can cause serious constraints 

Political influence Green politics can establish environmental Direct access to the governments of many 
issuesaspartofthepoliticalpro::ess countries 

Enforceability No direct power: must use public opinion to Use international treaties and national or 
persuade governments to act state laws to protect the environment, 

ecosystems and biodiversity 

International conventions on biodiversity 
International conventions have shaped a ttitudes towards sustainability. The 
UN Conference on the Human Environment (Stockholm, 1972) was the first 
time that the international community met to consider global environment 
and development needs together. It led to the Stockholm Declaration, which 
played an essential role in setting targets and triggering action at 00th local and 
international levels. 

In 1992 the UN Rio Earth Summit resulted in the Rio Declaration and 
Agenda 2 1 
• The Eanh Summit was attended by 172 governments, and set the agenda for 

the sustainable development of the Earth's resources. 
• The Eanh Summit led to agreement on two legally binding conventions· 

the UN Convention on Biological Diversity (UNCBD) and the UN 
Framework Con~·ention on Climate Change (UNFCCC) 

• Both the CBD and UNFCCC are governed by the Conference of the Parties 
(CoP), which meets either annually or biennially to assess the success and 
future directions of the Convention. For example CoP 11 of the CBD took 
place in India in 2012, and CoP 18 of the UNFCCC took place in Doha in 
2012. 

• In 1997 a follow-up meeting (Rio +S) took place in New York to assess the 
succession of the Earth Summit and future directions. A number of gaps were 
identified, for example in social equity and poverty. 

• Ten years after Rio, the Johannesburg World Summit on Sustainable 
Development addressed mainly social issues, with targets set to reduce 
poverty and increase access to safe drinking water and sanitation 

• In 2012, Rio +20 took place to mark the 20th anniversary of the Eanh 
Summit. It had three main objectives: to secure poli tical commitment from 
nations to sustainable development; to assess progress towards internationally 
agreed commitments (e.g. COi reductions); and to examine new and 
emerging challenges 

In 1997, the Kyoto Protocol built on the Eanh Summit's Climate Change 
Convention. It was developed at a UN meeting in Kyoto, and agreed to reduce 
greenhouse gas emissions from 1990 levels. 

You need to know about recent 
international conventions on 
biodiversity, such as those signed 
attheRioEarthSummit{1992)and 
subsequent updates. 
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The World Conservation Strategy 
The World Conservation Strategy (WCS) was established in 1980 by the 
World Conservation Union (IUCN). The IUCN are concerned with the 
conservation of resources for sustainable economic development. The WC:S 
consisted of three aims: 
• maintaining essential life suprort systems (climate, water cycle, soils) and 

ecologicalpnx:esses 
• preservinggeneticdiversity 
• using species and ecosystems in a sustainable way. 

It outlined a series of global priorities for action, while recommending that 
each countty prepare its own national strategy as a developing plan that would 
take into account the conservation of natural resources for long-term human 
welfare 

The WCS emphasised the importance of making the users of natural 
resources become their guardians and recognised that conservation plans can 
only succeed with the suprort and understanding of local communities. It 
focused on specific arguments for preserving biodiversity (i.e. socio-economic, 
genetic resource and ecological arguments) because: 
• these are more universally agreed by people with different envirorunental 

viewpoints 
• ethical and aesthetic arguments are more difficult to defme and can vaty 

between different communities 
• these arguments are more scientifically verifiable than ethical o r aesthetic 

arguments 
• most influential nations, and those nations involved in drawing up the WCS, 

attach more value to scientific validity than other arguments. 

• QUICK CHECK QUESTIONS 

26 Outline four differentargumentsforpreservingbiodiversity. 
27 Suggest why it is easier to give commercial value to some aspects of 

biodiversity than others. 
28 Compare the roles and activities of governmental organisations and non­

gCNernmental organisations. 

Designing a protected area 

Protected areas should aim to preserve the greatest amount of natural 
habitat within an ecosystem, and therefore maintain the complex ecological 
interactions that maintain equilibrium and biodiversity. In most countries, 
protected areas are islands surrounded by areas of disturbance. 

Island biogeography theory predicts that smaller islands of habitat will 
contain fewer species than larger islands. It is therefore inevitable that protected 
areas will have lost some of the diversity seen in the original undisturbed 
ecosystem. The principles of island biogeography can be applied to the design of 
reserves(Figure4.12) 

Table 4.7 Features of protected areas that are better or worse for 
conservat ion(see Figure4.12) 

Better Worse 

Single large area Single small area 

Single large area Several small areas of the same total size 

Intact habitat Fragmented and disturbed habitat 

Areas connected by corridors Separated areas 

Round(= fewer edge effects) Not round(= more edge effects) 

i@Wllli • 
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Figure 4.1 2 The shape, size and connectiv ity of reserves is important in 
designing a protected area 

Protected areas that are better for conservation have the following features· 
• Larger and so support a greater range of habitats, and therefore greater species 

diversity. 
• Higher ix:,pulation numbers of each species 
• Greater productivity at each trophic level, leading to longer food chains and 

greater stability. 
• Maintain a low perimeter: area ratio to reduce edge effects. Fewer edge effects 

means more of the area is undisturbed 
• Maintain top carnivores and large mammals by having a large area 
• If areas are divided, then fragmented areas need to be in close proximity to 

allow animals and plants to mo\·e between fragments 
• Maintain gene flow between fragmented reserves by allowing movement 

along corridors. 
• Allow movement of large mammals and top carnivores between fragments by 

maintaining corridors 

Buffer zones 
Buffer zones help to protect conservation areas and maintain equilibrium and 
biodiversity. They contain habitats that are either managed or undisturbed, and 
minimise disturbance in the protected area from outside influences 
such as people, agriculture, pests and diseases. 

lnFigure4.13,forexample,salakpalmprovidesabarriertostop 
illegal hunting, encroachment of farmers and illegal felling of trees 
in the protected area. The salak palm also provides a barrier to stop 
animals leaving the reserve and being killed in the surrmmding 

The sugar cane is grown by local farmers to provide a cash 
crop, while fruits from the salak palm also provide food. The crops 
provide protection against fire. 

WUG· 
You need to be able to discuss the 
bestdesignforprotectedareasusing 
the criteria size, shape, edge effects, 
corridors and proximity. 

Zoneofprkkly 
salilkp.-ilm 

Figu re 4.1 3 Buffer zones arou nd protected 
forest in Borneo 
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Evaluating the success of a protected area 

Successful protected areas have the following characteristics 
• Provide vital habitat for indigenOU'i species. This can include habitat and 

foodformigratingspeciessuchasbirds. 
• Create community suppon for the area 
• Receive adequate funding and resources. 
• Carty out relevant ecological research and monitoring. 
• Play an important role in education 
• Protectedbylegislation 
• Haverolicingandguardingrolicies 
• Givethesiteeconomicvalue 

CASE STUDY 

Thegrantingofprotectedstatustoa 
speciesorecosystemisnoguarantee 
of protection without community 
support,adequatefundingandproper 
research. You need to be able to 
evaluatethesuccessofaspecifickx:al 
protected area. 

THE KABILI-SEPILOK FORE ST RESERVE, BORN EO 
TheKabili-Sepilokforestreserveisa4300haareaoflowlandrainforestinSabah, Malaysian 
Borneo. The forest is rich in dipterocarp trees (hardwood species) and contains a wealth of natural 
wildlife, including orang-utan, leaf monkeys and gibbon. The success of the conservation area is 
duetomanydifferentfactors: 

Fi!IUN4.14 0rangutanatthe 

rehabilitationcentre,Sepilok 

Government agencies 

Local support 
• Localguidesandrangersearnalivingassistingtouristswithintheparkandprotecttheforest 

anditsbiodive~ity. 

• There are many ecotourism resorts near the reserve run by local people. 

• Their economic future and the future of the park are closely linked. 

• They have a positive vested interest in the conservation area. 

• Theyhavearespectfor,andpridein,thereserve. 

• The Sabah Wildlife Department and Forestry Department help to manage the reserve. 

• The gc:r,1ernment, through its employees, wildlife agencies, rangers and guides, provides the park with security and 
infrastructure. 

• These government agencies monitor and control visitor numbers and help to protect the reserve. 

• Theyprovideresources. 

• They liaise with local groups, non-governmental groups and international organisations. 

Research 
• TheForestResearchCentre{FRC)atSepilokcarriesoutscientificresearchwithinthereserve: 

c This allows its ecosystems and biodive~ity to be monitored. 
c It allows new information to be discovered. 
Cl Research identifies new hazards and new goals. 
Cl The FRC produces information that supports the park's existence and informs management decisions. 
Cl It helps educate those inside and those outside the park, both nationalty and internationalty. 

• Research is also carried out by the orang-utan rehabilitation centre at the edge of the reserve (see below), which returns 
captiveanimalstothewild. 

Education 
• An orang-utan rehabilitation centre rehabilitates orphaned orang-utans. It is a major international tourist attraction, 

focusing on public educat ion, research and conservation. 

• A Rainforest Discovery Centre (RDC) provides environmental education facilities for students, teachers and ove~eas tourists. 

• The Bornean Sun Bear Conservation Centre (BSBCC) was created to rehabilitate captive sun bears back into the wild. The 
BSBCC promotes greater awareness of the ecology of the bear and the threats it faces. 

A holistic approach to conservation 
• Sepilok is an example of a ho listic approach t o conservatio n: it is not just an area of wildlife protection, but al,o one 

where educational activities are encouraged, research takes place, people use it as an area of relaxation and its cultural 
value is encouraged (e.g. the national importance of the wildlife to Malaysia). 

• Protection without considering other facto~, for example economics, culture and development, is unlikety to be successful. 

• Multiple-use reserves are more popular and easier to fund, and are more sustainable in the long term. 
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Strengths and weaknesses of the species-based 
approach to conservation 

The species-based approach to conservation focuses on vulnerable species 
and in raising their profile. It attracts attention and therefore funding for 
conservation, and can successfully preserve species in zoos and botanic gardens. 
There is a tendency to focus on the conservation of high-profile, charismatic 
species that catch public attention both nationally and internationally. 

Species-based conservation involves the following· 
• the Convention on International Trade in Endangered Species (CITES) 
• captive breeding and reintroduction programmes 

CITES 
CITES is the Con\·ention on the International Trade in Endangered 
Species (of Wild Fauna and Flora). It is an international agreement aimed at 
preventing trade in endangered species of plants and animals, and therefore· 
• reducesdemandfortrade 
• contributestospeciesconservation 

Under the convention countries agree to monitor trade in threatened species 
(and their products) at ports and airports . Illegal imports and exports are 
confL'lCated, which discourages illegal trade. If trade in whole organisms or parts 
of organisms can be reduced, pressure on wild populations is reduced 

CITES has helped protect elephants and rhinos by reducing trade in ivory 
and rhino horn 

Tab le 4.8 Advantages and disadvantages of CITES 

Advantages Disadvantages 

• ltissupportedbymanycountries(14S). • Enforcement is difficult. 
• ltlistsmanyspecies(around700). • Fines are relatively small and may not deter poaching. 

f·lfjh§- • 

• ltbanscommercialisationofmany 
products and species. 

• Many countries have not ~gned and so are not subject to the agreement. 

• lthasprovedtobesuccessfulformany 
species,includingelephants,rhinos, 
marineturtles,tigers,parrotsandsnakes. 

• Support by some countries is limited and ineffectual. 
• The treaty favours large, conspicuous, attractive organisms. 
• Despite the agreement, illegal hunting still occurs, including the poaching 

ofivoryinAfric:a. 

Captive breeding and reintroduction programmes 
Captive breeding and reintroduction programmes are part of a species-based 
approach to conservation: 
• They are usually done by zoos. 
• A small population is obtained from the wild or from other zoos 
• Enclosures for animals are made as similar to the natural habitat as poo.sible 
• Breeding can be assisted through artificial insemination 

Tab le 4.9 Advantages and disadvantages of captive breeding and reintroduction programmes 

Advantages 

• Populationscanbuildupquicklyashabitat 
and food are abundant. 

• Abundant food and habitat reduces 
competition. 

• Allowpredatorsanddiseasestobe 
controlled. 

• lndividualanimalsc:anbeexchanged 
between collections to prevent inbreeding 
andtomaintaingeneticdiversity. 

• SuccessfulexamplesincludetheArabian 
oryx and golden lion tamarin (see page 89). 

Disadvantages 

• Doesnotdirectlyconservethenaturalhabitatdiversityofthespecies. 
Conservationofhabitatshouldleadtoconservationofspecies. 

• Notallspeciesbreedeasilyincaptivity(e.g.giantpandas). 
• It is difficult to maintain genetic diversity and so gene pools of species 

maybe small. 
• Releasedanimalsmaybeeasytargetsforpredators. 
• Aesthetic values can lead to an imbalanc.e in conservation activity, meaning 

that popular, charismatic species are conserved (e.g. Madagascan lemurs) 
while small, less-popular animals may not be part of the conservation 
programme (e.g. endemic Madagascan hissing ax:kroaches). 

• Some countries may have technical or economic difficulties in 
establishing programmes. 
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Zoos 
Zoos protect species in carefully controlled environments. They are an example 
ofexsituconservation. 

Table 4.10 Advantages and disadvantages of zoos 

Advantages 

• They allow education through visits 
andsothepublicaremorelikelyto 
support conservation campaigns. 

• Geneticmonitoringcantakeplace. 
• Theyallowcaptivebreedingand 

reintroduction programmes (see 
above). 

• Thenumberofoffspringsurviving 
to adulthood is higher, so species 
numbers increase more rapidly. 

• Studyingspeciesinzoosallows 
abetterunderstandingofthese 
animals,leadingtoimproved 
management of the species outside 
,=. 

• They can be used as an 'ark', 
preservingaspeciesuntilitshabitats 
are protected or restored. 

• QUICK CHECK QUESTIONS 

Disadvantages 

• Thereareethicalargumentsabout 
keepinganimalsinc.aptivityfor 
profit. 

• If the zoo is not properly managed, 
poor conditions can lead to 
psychological and physiological 
problems \\~th animals. 

• Zoo animals may be unable to adapt 
backtolifeinthewild. 

• Theycanfcx:usonhigh-profile/ 
charismaticspeciesandsocanbe 
less successful at saving 'non-cuddly' 
species. 

• Savingaspeciesshouldrequire 
preserving the animal's habitat, 
whichalsobenefitsallotherspecies. 

• Aspeciescanbeartiliciallypreserved 
inazoowhileitsnatural habitat is 
destroyed(e.g.giantpanda). 

29 Describe and explain the criteria needed to design a successful protected area. 
30 Evaluatethesuccessofanamedprotectedarea. 
31 Discuss the strengths and IM:ilknesses of a species-based approach to conservation. 

Comparing different approaches to conservation 

Table 4.11 Advantages and disadvantages of different approaches to conservation 

CITES 

Advantages 

Can protect many species 

Signed by many countries 

Treaty works across borders 

Disadvantages 

Not legally binding 

Difficult to enforce 

How it is implemented varies 
from country to country 

Protected Can conserve whole ecosystems Can be very expensive 

Zoos 

Allow research and education Difficult to manage 

Preserve many habitats and 
species 

Prevent hunting and other 
disturbance from humans 

Allowforinsituconservation 

Allow controlled breeding and 
maintenance of genetic diversity 

Allow research 

Allowforeduc.ation 

Effective protection for 
individuals and species 

Subjecttooutsideforcesthat 
aredjfficulttocontrol 

Difficulttoestablishinthefirst 
place due to political issues/ 
vested interests 

Have historically preferred 
popular animals; not necessarily 
those most at risk 

Problem of reintroducing zoo 
animalsto\\~ld 

Exsituconservationandsodo 
notpreservenativehabitatof 
animals 

Limits freedom of animals 
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EXAM PRACTICE 

10 Outlinetheargumentsforpreservingbiodiversity. [6] 

11 a Nameoneintergovernmentalorganisationandonenon-governmental 
organisation involved in conservation. [2] 

b Comparetherolesandactivitiesofthesetwoorganisations. [4] 

120utlinethegeneralprinciplesbehindtheWortdConservationStrategy. [4] 

13 Explainhowtheshapeandsizeofaprotectedareacaninfluenceits 
successinprotectingtheorganismsandecosystemswithinit [4] 

14 Describeandevaluatecaptivebreedingandreintroductionprogrammes 
aspartofaspecies-basedapproachtoconservation. [5] 

15 Evaluatethestrengthsandweak.nesses oftheConventionon 
lnternationalTradeinEndangeredSpecies (CITES). [4] 

16 Nameaprotectedareathatyouhavestudiedandsuggestfivereasons 
thatmightexplainwhytheareawasselectedforprotection. [5] 



Pollution management 

Nature of pollution 

Pollution 

Keyword defin itions 
Pollution is the addition to an environment of a substance or an agent (such 
as heat ) by human activity, at a rate greater than that at which it can be 
rendered harmless by the environment, and which has an appreciable effect 
on the organisms within it 

Point-source pollution and non-point-source 
pollution 

Key word definitions 
Point-source pollution is the release of pollu tants from a single, clearly 
identifiable site - for example, a factory chinmey or the waste dis{Xll'ial pipe 
ofafactoryintoariver. 

Non-point-source pollution is the release of i:ollutants from numerous, widely 
dispersed origins - for example, gases from the exhaust sys tems of vehicles. 

Point-source pollution is generally more easily managed because its impact is 
more localised, making it easier to control emission, attribute res!X)llSibility and 
take legal action. 

The major sources of pollutants 

Tab le 5.1 Main sources of pollution 

Source Type of pollution Cause Effect s 

Agriculture Fertilisers, manure, Spreading fertilisers on fields; runoff Eutrophication 
silage of manure and silage 

l;t#ffl:- I 

Pesticides Spraying crops Biomagnilication and bioaccumulation 

Salination Irrigation Accumulation of salts in soils kills plants 

Manufacturing Solid waste Disposal of by-products and waste Contaminated land, e.g. Lower Lea Valley, 
industry London(OlympicGamessite,2012) 

Domestic 

Transport 

Energy 

Toxic spills and leaks Industrial dumping and accidents Bhopal, India 

Soliddomesticwaste Wasteinlandfillsites Contamination of groundwater; release of 
methane 

Sewage Waste from toilets; disposable nappies Eutrophication; reduced oxygen in water; disease 

Runofffromroads Oil leakages, road drainage 

Sulfurdioxide Burning coal 

Contamination of groundwater, streams and 
soils 

Acid precipitation 

Nitrogen oxides Formed from atmospheric nitrogen in Acid ra in, petrochemical smog {tropospheric 
vehicles ozone) 

Particulates (PM10s Combustion of fossil fuels Reduced respiratory and heart function 
andPM2.Ss) 

Nuclear waste Radiation leaks Fukushima-Daiichi, Japan 2011 



• QUICK CHECK QUESTIONS 

1 Radiation from the Fukushima-Daiichi nuclear power station is a form of 
which type of pollution? 

2 Exhaust from cars is a form of which type of pollution? 

EXAM PRACTICE 

1 Define the term pollution, and distinguish between point-source and 
non-~int-sourcepollution. 

Detection and monitoring 
of pollution 

Direct methods of monitoring pollution 

Tab le 5.2 Methods of monitoring pollution 

Monito ring of ... 

Air pollution -for example, 
metalsincludingleadandmercury, 
chemicals such as CO, SOx and NOx 

Particulate matter 

Soil pollution isindic.ated by 
changesinsoiltexture,density, 
infiltrationc.apacity, moisture 
content,organiccontentand 
chemical content 

Fig ureS .1 Footpath erosion 

Methods 

Use of a monitor or probe (although 
these can be expensive) 

Useoffilterpaperorwaterina 
containersuchasaraingauge: 
• Weighing the filter paper 

(orwater)beforeandafter 
collection 

• Taking the material filtered 
for chemical analysis or 
weighing 

Potsattachedtostructuresorcards 
coatedwithastickysubstancefor 
collecting the particles 

Depth of surface below the original 
soil level 

Infiltration rate 

Organic and moisture content 

12] 
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If the pollution is located at a point 
distantfromthepossiblesourceof 
pollution, it is possible that many 
potential sources could be involved, 
i.e. non-point-source pollution. 

itfittffillli I 

i;ttiffltllli I 

13"1:it:i"fl::Mti I 
A pollutant only becomes a pollutant 
when there is too much. For example, 
not all fertiliser/manure causes 
pollution. Fertiliser that is used by 
plants does not cause pollution. Nor 
doesspreadingmanureonfieldscause 
pollution -as long as the amount 
spreadisabletobeutilisedbyplants. 

Ul¥41D· 
ltisimportanttoselectdifferent 
locationsforsamplingandtotake 
measurements at regular intervals. 

Samplingc.anbebothspatial(place­
based) and temporal (time-based). 
Any study should include both, as 
spatialandtemporalpatternscan 
affectresults,forexampledistance 
from a sewage outlet and whether 
there was any rainfall. 
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1 Goodvegetationcoverand 
k>velsoilsurfaG>.Vegetation 
keepsthesoiltogetherand 
aeratesit.R<linfallisableto 
perrnlilteintothegrotJnd 

3Em. ''."""' .. ~rta<e occ~erates.GtJll1esmaybe 
lormedandthebedrockis 
exposed.Veryliltk>vegetation 

Fig tJ re5 .25tagesinfootpatherosion 

Monitoring water quality 
Water qtJality can be meastJred using standard water testing kits. These kits 
include tests for dissolved oxygen, pH, ph05phates, nitrates, chlorides and 
ammonia. The readings can then be compared with standardised charts, colotJr 
charts or tables of known samples. For example, when testing water for nitrates, 
clean water has less than 5 mgdm-l, whereas rolltJted water can contain 
5- !Smgdm-l(Table 5.3). It is important to compare different sites, for example 
upstream and downstream of a sewage outlet or factory. 

Tab le5 .3Typicalvaluesofselected indicatorsforcleanwaterand polluted 

Substance Clean wat er 

Dissolved Healthy,cleanwatergenerally 
oxygen has>75%oxygensaturation 

Phosphate Clean water contains <5 mgdm-1 

Nitrate Clean water contains 
4--.5mgdm-1 

Ammonia Cleanwatercontains0.05-
0.99mgdm- 1 

• QUICK CHECK QUESTIONS 

Identify the main forms of air pollution. 

Polluted water 

PolltJted water shows 10-50% 
oxygen saturation {raw sewage 
less than 10%) 

Polluted water contains 
1S- 20mgdm-1 

Polluted water contains 
S-lSmgdm-1 

Polluted water contains 
1-10mgdm-1{rawsewage 
contains40mgdm-l) 

Compare the dissolved oxygen content of clean water with that of polluted 
water. 

5 Describe the changes to vegetation and soil that result from footpath erosion. 

2Tramplingcompactsthesoil 
Theinfiltrationrateisreduced 
andove~and rnr.off iric:reases 
Trampling reduces the 
vegetationrnverrnnsequeotiy 
thesoilisneitherboundnor 
aerated 

4 Therooghirregularstony 
surfoceisunattractiveto 
walkersandmayevenbe 
dangeroos.Asaresuttwalkers 
begintotJsethevl'getated 
areasatthesideofthe 
footpath and the process 
begins again 

HOH:lt:i i:l::ibM i 
Water can contain ammonia, nitrates 
andphosphatesandnotbepolluted­
as long as it does not have too much 
of any of these. 



Biochemical oxygen demand (BOD) 

Aerobic organism.1 use oxygen in respiration. When there are more organisms 
and faster respiration, more oxygen will be used. Thus the biochemical oxygen 
dem and at any point is affected by: 
• the number of aerobic organisms 
• theirrateofrespiration 

BOD is an indirect methoo used to assess ix:,llution levels in water. The presence 
of an organic pollutant, such as; sewage, causes an increase in the population 
of organisffi'l that feed on and break down the ix:,llutant. Organic ix:,llution 
causes a high BOD. Certain species, such as bkxxlworms and Tubifcx worffi'l, are 
tolerant of organic pollution and the low oxygen content associated with it. In 
contrast, mayfly nymphs and stonefly larvae are associated with clean water 

Thermal ix:,llution lowers the dissolved oxygen content of water. This 
leads to less aerobic respiration, increased anaerobic respiration and increased 
decomposition 

~ Stoneflynymph 

~Flattened 
~mayftynymph 

Low r iver po llution 

0 Bk>odworm(ormidgelarva) 

J't/' rubitex 
High river pollution 

Figu re 5.3 Invertebrat e indicat ors of f reshwater pollut ion 

l0fganicpdluliooente1S!herive< 

3Theseorganism,respireanduseup 
aklloloxygeo - theBOOincre,1se, 

-
4Bythispoiotinthefi,,..,.the""'°"mof 
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i@fif@-

KeywordJefinition 
Biochemical oxygen demand 
(BOD) is a measure of the amount 

of dissolved oxygen required to 

break down the organic material in 
a given volume of water through 
aerobic biological activity. 

W¥4iiH 
lnhighlypollutedriversandstreams, 
speciesdive~ityislow,althoughthe 
populationofacertainspeciesmay 
be high. 

l+iululU:l:rihMi 
Sewageeffluent5donotnecessarily 
discharge polluted water. Sometimes 
thewateristreatedandclean.lfthe 
water is polluted, the level of pollution 
will depend upon water temperature 
and how much water is in the stream. 

6B00bad<atoormal 

=~~~anicmaner 

-
2Populatiooofceru.nbac!eria.lun.gia00Tubifex 
inc,.....,.,,.Theseorganismsfl'l'dooandbeginto 
bmlkdowntheor~mauer 

=';;"~~!~~~BOO"":;~ 

5Polkrtamoow,rochreducPd 
BOOjU<tabo""no<mal 

thaoatthoepoin!wherepoHut.m!enterPd 

~~ 
~-~""'' 

/;;;/:,".:.:;"' 
toooe!inthe 
effluem 

Sew"9"ootle1 

Figu re S.4 Effects of organic pollution 
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• QUICK CHECK QUESTIONS 

Define the term biochemkal oxygen demand {BOD). 
Describe the changes that occur downstream of a sewage outlet pipe. 

8 Outline the effect of thermal pollution on dissolved oxygen. 

Biotic indices 

Biotic indices can be used as an indirect methoo of meru;uring pollution levels. 
This will involve levels of tolerance, diversity and abundance of organisms. 

Indicator species 
Certain species have different levels of tolerance to environmental conditions 
and change. The presence or absence and health of these indicator species can 
be used to suggest conditions in the environment. 

Indicator species can be used ru; an indirect rneru;ure of pollution and/or 
environmental degradation. Examples include lichens, nettles, red algae and 
freshwater invertebrates such as Tubifex worms, blcxxlworrns and mayfly nymphs. 
• Certain lichen species (such as Umea alliculaia) indicate very low levels of 

sulfur dioxide in the atmosphere. 
• Nettles (UUica dioica) indicate high phosphate levels in the soil 
• The red alga (Corallina off1einalis) inhabit saline rock pools and are absent 

from brackish pools 

Trent biotic index 
The Trent biotic index is based on the disappearance of cenain indicator species 
as the levels of rollution increase (Table 5.4). Changes in the amount of light 
and dissolved oxygen cause less-tolerant species to die out. As pollution increases, 
diversity decreases. The maximum value for the Trent biotic index is 10 

Table5 .41ndicator spec iesfor theTrent biot ic index 

Indicato r species Tot al numbe r of groups present 

Stonefly{Plecoptera) 
nymph present 

More than one species 

One species only 

Mayfly (Ephemeropteral More than one species 

0-1 2- 5 6-10 11-15 

Trent biotic index 

16+ 

10 

nymph present _O_a_es_pec_ i_es_oa-ly------------------

Caddisfly(Trichopteral 
larvae present 

Gammaruspresent 

Shrimps crustacean 
(Asei/us)present 

Tubifexwormsandl 
or red bloodworm 
{chironomid)larvae 
present 

All above types absent 

More than one species 

One species only 

All above species absent 

All above species absent 

All above species absent 

Someorganisms(e.g. 
Eristalistenax) not requiring 
dissolved oxygen may be 
present 



• QUICK CHECK QUESTIONS 

9 What is the minimum Trent biotic index for a sample of water containing 
stoneflynymphs? 

10 What is the maximum Trent biotic index for a water sample containing 
Tubifex? 

EXAM PRACTICE 

2 Define the term biochemical oxygen demand (BOD) and explain how this 

indirectmethodisusedtoassesspollutionlevelsinwater. [5] 

Approaches to pollution management 

Pollution management: the process of pollution 
and strategies for reducing impacts 

Pollutants are produced through human activities and create long-term effects 
when released into ecosystems. Strategies for reducing these impacts can be 
directed at three different levels in the process: altering the human activity; 
regulating and reducing quantities of pollutant released at the point of emission; 
and cleaning up the pollutant and restoring ecosystems after pollution has 
occurred 

Factors affecting the choice of p:>llution management strategy also vary at 
local and national scales: 
• At a local scale, local attitudes, cultural beliefs in the environment and 

the enforcement of local authorities may influence the choice of pollution 
management strategies 

• At a national scale, economic resources, national legislation and the political 
agenda may influence such choices 

It is cheaper and more efficient to alter human activities. However, most action 
over pollution is treating the effects of pollution (rnther than altering behaviour 
and the causes of pollution). Treating pollution is very costly and wasteful 

Process o f pollu t ion 

Human activity 
producing 
pollutant 

,....,of 
pollutant into 
envi ronment 

Long-term 
impact of 
poNutanton 
ecosystem 

Strategies fo r reducing impacts 

Alteringhumanactivitythrougheducation, 
incentivesandpenaltiestopromote 

• developmentofalternativetechnologies 
• adoptionofalternativelifestyles 
• reducing, reusing, recycling 

Regulatingandreducingthepollutantatthe 
point of emission by: 

• settingandimposingstandards 
• introducingmeasuresforextracting 

thepollutantfromwasteemissions 

Cleaningupthepollutantandrestoring 
ec05YStemsby 

• extractingandremovingthepollutant 
from the ecosystem 

• replantingandrestockingwithanimal 
populations 

Fig ure S.5 Approaches to pollution management 
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When monitoring a stretch of water, 
trytoexamineseasonalchangesas 
well as changes above and below the 
site. 

13"1:i::i"fl::Mfii 
Themaximumvalueforthelrent 
biotic: index is 10- be careful not to 
confuseitwiththetotalnumberof 
groups present. 

f·t#ffi¥- I 

Ui@LH 
Using Figure 5.5, you should be able 
toshowthevalueandlimitations 
ofeachofthethreedifferentlevels 
ofintervention.lnaddition,you 
shouldappreciatetheadvantagesof 
employingtheearlierstrategiesover 
thelateronesandtheimportance 
of collaboration in the effective 
management of pollution. 

13°1:ir:i i:l::ibM i 
Some pollution can be natural 
-volcaniceruptionscancause 
acidificationandclimatechange -itis 
notentirelyduetohumans. 
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• QUICK CHECK QUESTIONS 
11 'Setting and imposing standards' is an example of which type of pollution 

management strategy? 
12 How can human activities be altered to reduce the amount of pollution 

produced? 

Human factors that affect the approaches to 
pollution management 

Cult ura l va lues 
• Capitalist societies often consider profit over the environmental damage of 

pollution. 
• Often they would rather treat the symptoms (effects) of pollution, when 

caught, rather than address the causes of pollution 
• Rural society, with its low population density, may have an 'out of sight, out 

of mind' mentality, with pollution not being a problem if people don't see it 
orarenotadverselyaffectedbyit. 

• Pollution tolerance levels vaty from society to society - some countries 
accept the waste of other countries for recycling 

• Some types of pollution are more tolerated than others by a panicular 
culture - for example, noise or visual pollution in a rapidly urbanising city is 
accepted. 

• Cultural perspectives can be altered through education 

Polit ica l syst ems 
• Le,s developed countries are often willing to allow pollution to encourage 

local industty - Mexico's macquiadarm industries are a good example 
• The dumping of toxic waste from MEOCs to LEOCs is sometimes allowed 

by the governments and sometimes it is done illegally - for example in the 
case of the Dutch company Trafigura and the dumping of toxic waste in Cote 
d'Ivoire. 

• Lower standards for pollution may encourage industty into cenain countries. 
Many footwear companies in LEOCs may have dangeroush· high levels of 
glue in the workplace. 

• A political blind eye may be turned if the industty is profitable, paying taxes 
and creating jobs 

• LEOCs often do not have the resources to enforce the laws that they do have 
in place. 

Economic systems 
• Many rich countries have a 'throwaway' society and so generate a large 

amount of waste and pollution. 
• Increasingly in the richest countries people value a clean and tidy 

envirorunent so pollution is not tolerated. 
• All three steps of the pollution model are likely to be cattied out. 
• In many MEOCs the mOlit common step may be the second as the rich 

society might want to keep the pollution-causing industry, but regulate it. 
• Poorer countries often recycle large amounts of waste through informal waste 

pickers - in Cairo, the Zabbaleen waste collectors recycle up to 80'*, of the 
waste they collect. 

• Many LEOCs can only afford old, pollut ing equipment and have limited 
resources for technology to clean up pollution 

• In some cases UN protocols have not been signed as countries fear they may 
slow the economy - the USA's failure to sign up to the Kyoto Protocol is a 
casein point 

• As countries develop there is a tendency to spend more money on pollution 
prevention 

i@fi@Mi I 

Ui¥@H 
Whendiscussingthehumanfactors 
that influence pollution management 
strategies,realexamplesshouldbe 

"""'· 
130:r't:i i:luibM i 

Although many MEDCs invest in 
pollution prevention technologies, 
theystillcontributeasignificant 
proportion of the world's pollution 
through travel and transport, and the 
import of goods produced for their 
benefit. 



• QUICK CHECK QUESTIONS 

13 Identify the population group that recycles up to 80% of the waste that it 
collects? 

14 Suggest why an LEDC might accept waste materials from another country. 

The costs and benefits to society of the WHO's 
ban on the use of DDT 

DDT is a synthetic (man-made) pesticide that has; many advantages and 
disOOvantages. During the 1940s and 1950s it was used extensively to control 
the lice that spread typhus and the mosquitoes that spread malaria. It was also 
usedasapesticideinfarming. 

The environmental impact of DDT is based on two processes: 
• Bioaccumulation refers to the build-up of non-biodegradable or slowly 

biodegradable chemicals in the body. DDT gets stored in fat tissues because it 
is not recognised as a toxin and is not excreted 

• Biomagnifica tion refers to the process whereby the concentration of a 
chemical substance increases at each trophic level - the end result is that 
a top predator may ha\·e an accumulation that is several thousand times 
greater than that of a primary producer. An example of the biological 
effect of DDT is the thinning of eggshells in birds at the top of fcxxl. 
chains. 

In 2001 the Stockholm Convention on POPs (persistent organic pollutants) 
regulated the use of DDT - it was banned for use in farming but was permitted 
for disease control. 

The plan is to find alternatives for disease control by 2020. In 2006 The 
World Health Organization (WHO) recommended the use of DDT for regular 
treatment in buildings in areas with a high incidence of malaria. WHO still 
aims for a total phase out of the use of DDT. 

DDT and the batt le aga inst malar ia 
• The World Bank estimates that there are about 250 million cases of malaria 

each year 
• In South America, cases of malaria increased after countries stopped spraying 

DDT. 
• Indoor (residual) spraying (IRS) appears to limit the growth of malarial 

incidence 
• However, malaria is still on the rise and many people believe that this 

increase in the disease is unacceptable 

DDT and the ecocentrist viewpoint 
• The ecocentrist position is that ecological laws should drive human decision 

making 
• Chemicals such as DDT being added to the environment could harm many 

species or spread from houses and into the local environment 
• This affects the right of organisms to remain unmolested - for example, 

mosquitoeshavetherighttoexist. 
• Ecocemrists argue that alternative (less objectionable) strategies exist such 

as lowering population density, removing standing water, using natural 
repellents and encouraging natural predators 

• QUICK CHECK QUESTIONS 

15 What were the goals of the 2001 Stockholm Convention? 
16 WhatdotheletterslRSstandfor? 
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i;ttittlill I 

W¥41IH 
There are links between DDT and 
premature births, low birth weight 
and reduced mental development. 

HOH:lt!' Hl::MM i 
DDT does not eradicate all mosquitoes 
-therei5evidenceofgrowing 
re5istancetothepesticide. Those that 
are resistant to DDT \\~II continue to 
reproduceandspreadtheresistance. 
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EXAM PRACTICE 

3 EvaluatethecostsandbenefitsoftheuseofDDTtosociety. 161 

Eutrophication 

Keyword definitions 
Eutrophication is the natural or artificial enrichment of a body of water, 
particularly with respect to nitrates and phosphates, that results in depletion 
of oxygen levels in the water. Euttophication is accelerated by human 
activities that add detergents, sewage or agricultural fertilisers to bodies of 

The process of eutrophication 

Figu reS .6Aeutrophicriver 

Natural and human causes of eutrophication 
• There are natural and human causes of eutrophication. 
• Both result in an increase in nitrates and/or phosphates, leading to rapid 

growth of algae, accumulation of dead organic matter, a high rate of 
decomp:lSition and lack of oxygen. 

• Natural cycles can include nutrients added from decomposing biomass, run off 
from surrounding areas and upwelling ocean currents bringing nutrients to 
the surface 

• Human causes include runoff of fertilisers or manure from agricultural land. 
Similarly, domestic waste water may contain phosphates from detergents, and 
non-treated sewage can also lead to eutrophication 

• QUICK CHECK QUESTIONS 

17 Identify two natural causes of eutrophication. 
18 Identify the two main chemic.als involved in the process of eutrophic.ation. 

13"1:irUli:l::itiMi 
Eutrophic.ation can be natural as well 
as human-induced. Human-induced 
eutrophic.ation happens a lot faster 
thannaturaleutrophicationand 
occurs on a larger scale. 
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Eutrophication and feedback cycles 
Table 5.5 Positive and negative feedback in the eutrophication process 

Positive feedbackoccurs inthe processof eutrophication Negative feedback can also occur during 
theprocessof eutrophication 

• As more nutrients are added to the system, the biomass of algae 
increasesduetotheavailabilityofnutrients. 

• Theincreaseinnutrientspromotesgrowthof 
plantsthatstoretheminbiomass. 

• Decomposition of the increased biomass leads to further nutrient load 
and so further deviation from the long-term equilibrium. 

• Thisleadstoareductionin nutrients, so 
balance is restored, i.e. negative feedback. 

• Hencepositivefeedbackoccurs. 
• Thegrowthofalgaeblocklight,soc.ausingunderwaterplantstodie 

andcreatemorenutrientsastheydecompose. 

• Theincreaseinalgaewillleadtoincreasesin 
speciesthatfeedonalgae. 

• More nutrients lead to further growth of algae so further deviation from 
the equilibrium, thus there is increased positive feedback. 

• An increase in bacteria causes increased BOD, hence oxygen-dependent 
organisms to die. 

• Thismayleadtosubsequentdecreaseinalgal 
populations, so balance is restored. 

• Theincreaseindeadorganicmatterprc,,.,ides 
more food for decompose~. which increase 
in number. 

• Thisincreaseindissolvedorganicmatterleadstoevenfurtherincrease 
inBOD/bacteria,sofurtherdeviationfromequilibrium,reinforcing 
positive feedback. 

• Increased rate of decomposition leads to a 
decreaseindeadorganicmatter,sobalanceis 
restored, i.e. negativefeedbackoccu~. 

Expert tip 

Forfullcreditindescribingfeedback, responsesshouldidentifytwosteps: 

• Step 1: how change in one factor causes change in another. 

• Step 2: hO'..v the second factor affects the first, either increasing its change (positive 
feedback)ordecreasingitschange(negativefeedback). 

The impacts of eutrophication 

Impacts on the ecosystem 
• Both human and natural eutrophication lead to an increase in bioma,s of algae. 
• The algae lower light penetration to underwater plants. 
• The increased death of algae and underwater plants leads to an increa'ie in 

OOMasbacteriamultiply. 
• More bacteria increase BOD, which leads to lowered oxygen content of water 

(hypoxia). 
• Reduced oxygen leads to the death of many organisrn5. 
• Net primary prOOuctivity is usually higher compared with unpolluted water, 

and may be indicated by extensive algal or bacterial blooms 
• Diversity of primary producers changes and finally decreases; the dominant 

species change. 
• The length of the food chain decrea'ies as algae lock up the nutrients and 

block sunlight from reaching the riverbed 
• However, as eutrophication pnx:eeds, early algal bloo= give way to 

cyanobacteria(blue-greenalgae) 
• Fish populations are adversely affected by reduced oxygen availability, and 

the fi.sh community becomes dominated by surface-dwelling coarse fish, such 
as roach and rudd. 

• With less sunlight penetrating the water macrophytes (submerged aquatic 
plants) disappear because they are unable to photosynthesise. 

• In theory, the submerged macrophytes could also benefit from increased nutrient 
availability, but they are shaded by the free-floating microscopic organistll'l 

Impacts on society 
Eutrophication has impacts on human populations. One is financial - the loss of 
fertilisers from fields may reduce crop productivity and therefore farm yield and 
profit. Moreover, the cos t of treating nitrate-enriched water is expensive - in the 
UK this is estimated to cost between £50 million and £300 million each year. 

Nitrate-enriched water is associated with higher rates of stomach cancer and 
'blue baby syndrome' (methaemoglobanaemia - insufficient oxygen in pregnant 
women's blood). However, correlation does not equate with causation and many 
otherfactorsarelikelytobeinvolved 

Mostlakesarenaturallyoligotrophic 
(nutrientpo:>r)-onceeutrophication 
startstooccur,productivity increases 
as nutrient enrichment occurs. 

13"11'1:i Hl::ibfii 
Eutrophication leads to a change 
inspeciescompositionratherthan 
remoYing all species. Surface-dwelling 
organismsarefavouredratherthan 
bottom-dwelling organisms, with 
theexceptionofthebacteriathat 
decompose the dead organic matter. 

• QUICK CHECK QUESTIONS 
19 Explainwhymacrophytesdieout 

asa resultofeutrophication. 
20 ExplainwhyBOD increases 

followingeutrophication. 
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Pollution management strategies 

Altering human activity 
Altering the human activity that produces pollution can include alternative 
methods of enhancing crop growth, alternative detergents, and so on. For 
example: 
• Avoid spreading fertilisers in winter, as the soil is bare and runoff may wash 

fertilisersintoriversandstrearns. 
• Use aututllll•sown crops - these maintain a cover during the winter, and may 

conservenitrogeninthesoil 
• Use less nitrogen if the previous year wasdty(morewill be left in the soil) 
• Use organic fertilisers (manure) on agricultural fields. 
• Practise mixed cropping or crop rotation so that less fertiliser is needed 
• Do not apply fertilisers to fields that are next to streams and rivers 

Regulating and reducing pollutants at the point 
of em ission 
Ways to regulate and reduce pollutants at the ix:,int of emission include the 
following 
• Use sewage treatment processes that remove nitrates and phosphates from 

the waste 
• Use :ero- or low-phosphorus detergents 
• Only use washing machines with a full load of washing 
• Reducetheuseoffertilisersingardens 

Clean-up and restorat ion 
Clean-up and restoration teclmiques include the following· 
• Pump mud from eutrophic lakes and reintroduce plant and fish species 
• Remove nutrient-rich sediment by pumping 
• Pump air through lakes to avoid the low-oxygen conditions. 
• Remove biomass (e.g. water hyacinth or reed) and use it for biofuel or for 

thatching. 
• Reintroduce plant and animal species. 
• Use barley bales to lock up nitrates in the water (Figure 5.7). 
• Treat with a solution of aluminium or ferrous salt to precipitate phosphates 

Fig ure 5.7 The use of barley bales to lock up nitrates in the water 

EXAM PRACTICE 

4 Describeandevaluateecocentricandtechnocentricres~nsesto 
eutrophication. [8] 

i@fif@-

13 lu'f:i i:ltribM i 
Although there are many potential 
solutionstotheproblemof 
eutrophication, it is not always 
possible to solve it. This is because it is 
non-point-source pollution and there 
are many different causes. Moreover, 
noteverycountryhastheresourcesto 
implement the strategies. 

lnsomecasesthes.ameres.ponse 
canbeclassifiedastechnocentric 
orecocentric.8arteybalesarean 
ecocentricapproach(usingnature), 
althoughtheresearchintothebest 
forms of material to absorb nitrates 
canbeatechnocentricapproach. 

• QUICK CHECK QUESTIONS 

21 Explainwhyfertilisersshouldnot 
be used in winter. 

22 What type of pollution 
management strategy is 
phosphate stripping? 



Solid domestic waste 

Types of solid domestic waste 

There are many types of solid domestic (or municipal) waste (rubbish or 
garbage). In an MEOC these generally consist of. 
• paper/packaging/cardboard(Z0- 30%) 
• glass(S- 10%) 
• metal(iessthan5%) 
• plast ics(S- 109-o) 
• organic waste from kitchen or garden, including waste wood (20-50%) 
• textiles(iessthan5%) 
• nappies(diapers)(2%) 
• electrical appliances such a'l computers/fridges (known as WEEE - waste 

electrical and electronic equipment - see Figure 5.8) (less than 5%) 
• rubble/bricks(lessthan1%) 
• ash(iessthan 1%). 

The amount will vary from place to place, and over time. The total volume of 
waste generated can be over 800kg per person per year. 

Figure5.8TheWEEEman atthe EdenProject , 
Cornwall. England, by sculptor Paul Benomini, 

_ ,,_ __ standing 7m ta ll, weighing 3.3 t o nnes 

Figure 5.9 Composition of househo ld wast e, Victoria, Austra lia 

• QUICK CHECK QUESTIONS 

waste 
3S.1o/, 

23 Identify the type of waste that we might expect to increase around Christmas 
time. 

24 Explain how the volume of waste is likely to vary for a household in Tokyo 
(Japan)andoneinKabul(Afghanistan). 
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Keyword defin ition 
Biodegradable means capable of 
being broken down by naturnl 
biological processes - for 
example,throughtheactivitiesof 
decomposer organisms. 

You should consider your own and 
your community's generation of 
waste. Considerthedifferenttypesof 
material-forexample,paper,glass, 
metal,plastics,organic:waste(kitchen 
orgarden),packaging-aswellas 
their total volume. Keep a record of 
yourwasteforaweek. 

83°1:ir!' UluihM i 
Nappies are a form of solid domestic: 
waste,butfaecesarenot. 
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Pollution management strategies for solid 
domestic (municipal) waste 

Recycl ing 

Fig ure5 .1 0Recycling 

Tab le 5.6 Advantages and disadvantages of recycl ing 

Advantages 

• Reducedamountofenergyrequired 
torecyclecomparedwithexploiting 
the resource. 

• ltreducestheamountofresources 
used. 

• ltmaintainsstocksofnon-renewable 
andreplenishableresources. 

• ltreducestheamountofmaterialin 
landfill sites. 

• ltcanbeusedtomakenew 
products. 

• ltreducesgreenhousegasemissions. 
• It creates new job opportunities. 

Reuse 

Disadvantages 

• It involves transport of sometimes 
hea-.y, bulky goods, so requires lots 
of energy. 

• ltcanproducetoxicwaste. 
• It can belabour intensive. 
• It can be uneconomic in terms of 

demandandsupplyfacto~. 

Tab le5 .7 Advantagesanddisadvantagesofreuse 

Advantages 

• littleenergyisused. 
• ltprovidescheapresourcesfor 

people of limited means. 

Disadvantages 

• ltcanrequireenergytocleanthe 
productsbeingreused(e.g.milk 
bottles). 

• Theproductsmaybeheavyto 
transport (e.g. milk bottles). 

• Theproductswilleventuallywear 
outandmustbedisposedof. 



Composting 
Tab le 5.8 Advantages and disadvantages of composting 

Advant ages 

• ltproducesfertiliser. 
• ltreducesthevolumeofwaste. 
• ltreducestheuseofchemicalfertilise~. 

Incineration 
Tab le5 .9Advantagesanddisadvantagesofincineration 

Advantages 

• It reduces the volume of waste, thereby reducing the 
need for landfill. 

• Theheatproducedc.an be used in place of burning 
fossil fuels. 

• It kills p.1thogens. 
• ltproducesashforconstruction. 
• It is a way of producing energy from waste. 

Landfill 
Tab le 5.1 0 Advantages and disadvantages of landfill 

Advantages 

• It is a cheap and easy way to dispose of waste. 
• It is a way of producing energy {in the form of 

methane)fromwaste. 
• Relatively limited amounts of time and labour are 

required. 
• ltcancreateland{e.g.inHongKong). 
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Disadvantages 

• ltproducesunpleasantsmells. 
• It can attract vermin if not done properly. 
• ltrequireseffortandspace. 
• lttakestime. 

Disadvantages 

• ltreleasestoxicchemicals. 
• It produces greenhouse gases. 
• Ash still needs disposal. 
• ltisexpensive. 
• There may be considerable community resistance to 

thebuildingofnewincinerators. 

Disadvantages 

• Leachate can pollute watercourses and groundwater. 
• ltgivesoffunpleasantodou~. 
• ltincreasesvermin,whichcancausediseasetospread. 
• ltproducesmethane,which is a greenhouse gas. 
• It takes up land area, and in many places (e.g. New 

York, USA) there is a limited amount of space available 
for landfill. 

• There is potential of subsidence and/or contamination 
of future building land. 

Factors affecting the choice of waste disposal 
At a national scale there are a number of factors that affect the choice of waste 
disposal. TheseinclOOe: 
• government policy (e.g. strategy to encournge recycling) 
• population density and the amount of land available for landfill 
• invokement in international agreement.I to cut greenhouse g:ises or dumping 

"= 
• involvement of significant environmental pressure groups (e.g. Greenpeace) 

in influencingattiru.:les 
• geogrnphic/climate characteristics (e.g. access to coastline) 
• economic considerations (e.g. costs of energy and transport). 

• QUICK CHECK QUESTIONS 

25 State two disadvantagesofrecycling. 
26 State two advantagesoflandfil l. 

EXAM PRACTICE 

5 Explainhowtheuseofwastetogenerateenergycanproducegreenhouse 
gases. 14] 

Many poorer communities are much 
betteratrecyclingandreusing 
materials.lnDharavi,Mumbai,for 
example,recyclingandreuseforms 
thebasisofmanyindustries. 

13°1:ir:i i:l::ibM i 
Recyclingandreuseisnotcarbon­
free.Manygreenhousegasesare 
used in the transport and cleaning of 
materials. 
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Depletion of stratospheric 
ozone 

The structure and composition of the 
atmosphere 

'T"··· 
- Mesopause - Nocti lucrotclouds 80 

,ooo_L_~~~_l__':"'::::-::,'5:.,:lo..!i_ 
- 1110 ~~~'-="-~~-~- (•C) 

Temperature 

Thegeneralisedverticaldistributioooftempe,atureandpressureup 
toabout110km.Noteparticularlythetropopauseaodthezooeol 
maximum ozone conc:e<itratioo with the warm layer above 

Fig ure 5.11 The structure of the atmosphere 

• The atmosphere ii the mixture of solids, liquids and gases that are held to the 
Earth by gravitational force. 

• Up to a height of around 80km the atmosphere is fairly similar, consisting 
of nitrogen (78% ), oxygen (21%), argon (0.9% ) and a variety ofother trace 
gases such as carbon dioxide, helium and ozone 

• In addition it contains water vapour and solids (aerosols), such as dust, ash 
and soot. 

• There is no outer limit for the atmosphere, but most 'weather' cx:cun; in the 
lowest 16-17km, the troposphere 

• In the troposphere, temperatures fall with height 
• Certain gases are concentrated at certain heights 
• Ozone occun; in the stratosphere (Figure 5.11), mostly at around 

25- 30 km, and is important for the filtering of harmful ultraviolet 
radiation. 



The role of ozone in the absorption of ultraviolet 
radiation 

Ultraviolet radiation is absorbed during the formation and destruction of ozone 
from oxygen· 
• Ozone absorbs ultraviolet radiation 
• It also absorbs some out-going long-wave radiation, so it is a greenhouse gas 

,=. 
• Orone is created by oxygen rising up from the top of the troposphere and 

reacting with sunlight 
• Short-wave (ultraviolet) radiation breaks down oxygen molecules into two 

separate oxygen atoms 
• The oxygen atoms (O) combine with oxygen molecules (01) to form ozone 

(01) 
• Ozone can be destroyed naturally. In winter, clouds of ice particles form in 

the upper atmosphere. Chemical reactions take place on the ice involving 
chlorine. This can destroy ozone. By the summer, the ice clouds have 
disappeared and the destruction of ozone ceases 

• Human activities can also destroy ozone. 

• QUICK CHECK QUESTIONS 

27 lnwhichpartoftheatmosphereistheozonethatprotectsagainstultraviolet 
radiation found? 

28 In which part of the atmosphere is the ozone that is damaging to human 
health found? 

The interaction between ozone and halogenated 
organic gases 

The chemicals that cause stratospheric ozone depletion include halocarbons, 
such a'i chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), 
methyl bromide, bromine and halons. These are found in refrigerators, air 
conditioners, aerosols, foamed plastics, pesticides, fire extinguishers and 
solvents 

H alogenated organic gases are very stable under normal conditions but 
can liberate halogen atoms when exposed to ultraviolet radiation in the 
stratosphere. These atoms react with monatomic oxygen and slow the rate of 
ozone re-formation 

Pollutants enhance the destruction of ozone, thereby disturbing the 
equilibrium of the ozone production system. These pollutants call'le 'holes' in 
the ozone layer. This in turns lets through ultraviolet radiation, which can be 
very damaging 

There is a clear seasonal pattern to the concentration of ozone. Each spring 
time there is a marked reduction in the amount of ozone over Antarctica. As 
summer develops, the ozone layer recovers. This is becall'le in winter air over 
Antarctica becomes cut off from the rest of the atmosphere. 

The intense cold allows the formation of clouds of ice particles, upon which 
chemical reactions involving chlorine can take place. In spring the chlorine 
atoms destroy ozone but by summer the ice clouds have disappeared and there is 
lessdestructionoforone 

The effects of ultraviolet radiation on living 
tissues and biological productivity 

The effects of ultraviolet radiation include mutation and subsequent 
effects on health, as well a'i damage to photosynthetic organisms, especially 
phytoplankton, and their consumers such as zooplankton 

Topic 5 Pollution management 115 

You are not required to memorise 
chemical equations. 

13"11'1:i i:l::ibM i 
There are two types of ozone -
stratospheric and tropospheric. 

• Stratosphericozoneisthehigh­
levelozonethatprotectsusfrom 
ultraviolet radiation. 

• Tropospheric ozone or ground-level 
ozone is the 'bad' ozonethatcauses 
poorairqualityandrespiratory 
problems. 

Keyword definition 
Halogena ted organicgases,ll'lually 
known as halocarbons, were first 
identified as depleting the ozone 
byer in the stratosphere. They 
are now known to be potent 
greenhouse gases. The best-known 
are chlorofluorocarbons (CFCs) 
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• Increased ultraviolet radiation is damaging to ecosystems that contribute 
significantly to global bicxliversiry, by damaging plant tissues, and causing the 
death of primary producers. 

• It damages marine phytoplankton, which are some of the major primary 
producersofthebio,phere 

• It causes reduced rates of photo,ymhesis 
• It is damaging to human populations around the world 
• It contributes to increased health costs 
• There are social and economic impacts of skin cancer and eye damage 

(cataracts) 
• It can cause genetic mutations in DNA. 

• QUICK CHECK QUESTIONS 

29 State what JS meant by the term ozone hole. 
30 Identify two effects of increased ultraviolet radiation. 

Methods of reducing the manufacture and 
release of ozone-depleting substances 

Methcxls of reducing the manufacture and release of ozone-depleting substances 
(ODS) include, for example, recycling refrigerants , alternatives to gas-blown 
plastics, alternative propellants and alternatives to the pesticide methyl bromide 
(bromomethane). 
• Fridges with ODS refrigeration can be replaced with 'green freeze' technology 

thatusespropaneand/orbutane. 
• Pump-action sprays can be used instead of aerosols. 
• Alternatives to aerosols can be used - for example, soap rather than shaving 

foam. 
• Organic methods of pest control can be used instead of methyl bromide. 
• Old CFC coobnts in fridges and air conditioning units can be recycled 
• To protect against excessive ultraviolet radiation people can wear sunglasses, 

use sun block (sun cream), wear T-shirts and stay inside during the hottest 
part of the day. 

The role of national and international 
organisations in reducing emissions of 
ozone-depleting substances 

The 1987 Montreal Protocol on Substances that Deplete the Ozone Layer 
is the most significant and successful international agreement relating to an 
environmental issue, with many governments signing up and implementing the 
agreed changes. Subsequent revisions have reduced the phasing-out timescale 
because of the Protocol's success - phase out in Europe was achieved by 2CXXl, 
and global phase out is expected by 2030. 

The Protocol raised public awareness of the use of CFCs and provided an 
incentive for countries to find alternatives. Technology has been traruferred to 
LEOCs to allow them to replace orone-depleting substances, but some of the 
substances used are still ozone depleting, for example HCFCs. Some HCFCs 
have been replaced by HFCs (hydrofluorocarbons), but these are powerful 
greenhouse gases. 

In spite of the success, there are issues that are hard to overcome· 
• It is harder for LEOCs to implement changes. 
• The second-hand appliance market means that old fridges are still in 

circulation 
• It is a protocol that depends on national governments being willing to comply. 
• The longlife of the chemicals in the atmosphere means that damage will 

continue for some time - until 2100. 

Although the ozone 'holes'are 
locatedoverAntarcticaandtheArctic, 
theimpactsofozonedepletionare 
worldwide. 

13"11'1:i i:l::ibM i 
The ozone 'hole' isnotactualtja hole 
butisathinningoftheconcentration 
ofozoneinthestratosphere. 

13°!:i::H,l::ibM i 
Some students confuse global 
warming and ozone depletion by 
describingtheKyotoProtocolas 
relatingtoozonedepletion-this 
isincorrect.TheMontrealProtocol 
relates to ODS. 

Remember to relate the potential 
solutionstoODStothecauses, release 
of pollutants, and impacts, as shown 
in Figure S.S. 



• QUICK CHECK QUESTIONS 

31 Identify ways in which it is possible to reduce the impact of ozone depletion 
on human health. 

32 Identify the ODS management strategies that attempt to deal with the causes 
of the pollution. 

EXAM PRACTICE 

6 Comparetechnocentricandecocentricapproachestothemanagementof 
ozone depletion. 

Urban air pollution 

Sources of tropospheric ozone 

• Tropospheric or ground-level ozone is a pollutant. 

161 

• It is a secondary pollutant because it is formed by reactions involving oxides 
ofnitrogen(NOx) 

• When fmsil fuels are burned, two of the pollutants emitted are hydrocarbons 
(from unburned fuel) and nitrogen monoxide (NO). 

• Nitrogen monoxide reacts with oxygen to form nitrogen dioxide (NOi), a 
brown gas that contributes to urban haze 

• Nitrogen dioxide can also absorb sunlight and break up to release oxygen 
atoms that combine with oxygen in the air to form ozone. 

• The main source ofNOx is road traruport. 

Effects of tropospheric ozone 

• Ozone is a toxic gas and an oxidising agent. 
• It damages crops and forests, irritates eyes, can cause breathing difficulties in 

humans and may increa'ie susceptibiliry to infection. 
• Ground-level ozone reduces plant photosynthesis and can reduce crop yields 

significantly. 
• Ozone pollution has been suggested as a possible cause of the die back of 

Germ= forests (previously it was believed these had died as a result of 
acidification). 

• It is highly reactive and can attack fabrics and rubber materials. 

The formation of photochemical smog 

• Photochemical smog is a mixture of about one hundred primary and 
secondary pollutants formed under the influence of sunlight. Ozone is the 
main pollutant 

• Fossil fuels are burned and nitrogen oxides are released in vehicle emissions 
In the presence of sunlight, these pollutants interact with others (e.g. volatile 
organic compounds) to pro.:luce (trop:lSpheric) ozone. 

• Ozone formation can take a number of hours, hence the polluted air may 
have drifted into suburban and surrounding areas 

• Smog is more likely under high-pressure (calm) conditions. Rain cleans the 
air and winds disperse the smog - these effects are associated with low­
pressure conditions. 

• The frequency and severity of photochemical smog in an area depend on 
local topography, climate, population densiry and fossil fuel use 
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Key word definition 
Smog is the term now used for any 
haziness in the atmosphere caused 
by air pollutants. Photochemical 
smog is produced through the 
effect of ultraviolet light on the 
pro.:lucts of internal combustion 
engines. It may contain ozone 
and is damaging to the human 
respiratory system and eyes. 
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• Urban microclimates also affect the production of ground level mone. Urban 
areas generally have less vegetation than surrounding rural areas, and the 
concentration of buildings, industries and offices generate much heat 

• Thermal (temperature) inversions trap the smog in valleys and ba'lins - as in 
the cases ofl.os Angeles, Santiago, Mexico City, Rio de Janeiro, Sao Paulo 
and Beijing. The air is unable to disperse since cold air from the surrounding 
mountains and hills prevents the warm air from rising (Figure 5.12). Cold air 
is denser than warm air and so traps the warm air below. 

• Concentrations of air pollutants can build to harmful and even lethal le\·els, 
producing toxic and carcinogenic chemicals. 

Largercitieswithmorevehicleswill 
produce more tropospheric ozone 
than smaller cities. 

polluteddirdueto 
heatis/,mdeffect 

theinversioolayer 
mi"fbytallsrach 

Fog top 

Temperature 

Fig ure 5.1 2 Temperature inversion 

• QUICK CHECK QUESTIONS 

33 Explain what is meant by the term temperature inver5ion. 
34 Why is ozone a problem in areas experiencing atmospheric high pressure? 

Pollution management strategies for urban air 
pollution 

There are many management strategies for tackling urban air pollution 

Va lley 

• Reducing foMil fuel combustion is an effective way of limiting the release of 
pollutants 

• Increased use of public transpon can reduce total emissions of fossil fuels 
• Promotion of clean technology/hybrid cars. 
• Provision of park-and-ride schemes to limit the number of cars entering 

urban areas. 
• Preventing cars from pans of the city i.e. pedestrianising part of the centre 

(e.g.Curitiba, Brazil). 
• Only allowing certain cars into a city - e.g. those with odd-numbered 

registration plates on certain days, even numbered ones on other days (e.g. 
Mexico City). 

• Fit cars with catalytic conveners to reduce emissions ofNOx. 
• Reducing fossil fuel combustion by switching to renewable energy methods. 
• Reducing fossil fuel combustion through urban design (e.g. south-facing 

windows, triple-glazed windows, cavity and loft insulation). 
• Relocate industries and power stations away from centres of population 
• Ensure industries and power stations have tall chimneys to help disperse 

pollutants. 
• Filter and catch pollutants at the point of emission 
• Design cities so that there are more open spaces and water courses to help 

reduce the temperature and allow evaporative c(X}ling (e.g. the restoration of 
the Cheong-Gye-Cheon River in Seoul, South Korea). 

• Wear masks to reduce inhalation of pollutants. 

13"1:i::ilUl::MM i 
Areassufferingtheworsteffectsof 
ozonearenotnecessarilytheareas 
that produced the pollution - ozone­
polluted air can drift into suburban 
areasasittakesa number of hours to 
form in sunlight. 

i;1fiiltfflllli I 



However; 
• Most urban {X}llution comes from cars, especially old cars. 
• Vehicles using diesel produce emissions of particulate matter 
• Catalytic convertors reduce fuel efficiency and increase COi emissions. 
• Public transport can be expensive and may be inconvenient 
• Sustainableurbandesignisexpensive 

• QUICK CHECK QUESTIONS 

35 Suggesthmvcarscanbepreventedfromenteringacitycentre. 
36 Suggesthowurbandesignc.an helpreducetheincidenceofpetro::hemical 

smogs. 

EXAM PRACTICE 
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You should consider measures to 
reducefossilfuelcombustion-for 
example, reducing demand for 
electricityandprivatecarsand 
switching to renewable energy. Refer 
alsotoclean-upmeasuressuchas 
catalytic converters. 

13°1:ir:i i:l::ibM i 
Manystudenbsuggestthatcatalytic 
convert ors are an example of how 
to tackle emissions of NOx, which 
iscorrect,buttheyfailtomention 
thattheyincreaseC01 emissionsand 7 Discuss, with reference to examples, the human factors which affect the 

successful implementation of ~llution management strategies. [6] reduce fuel efficiency. 
~~~~~~~~~~~~~~~~~~-

Acid deposition 

The formation of acidified precipitation 

Rain is naturally acidic - because of carbon dioxide in the atmU'iphere - with 
a pH of about 5.6. Acid rain - or, more precisely, acid deposition - is the 
increased acidity of rainfall aru:I dry deposition, as a result of human activity. 
The major causes of acid rain are the sulfur dioxide and nitrogen oxides 
produced when fossil fuels such as coal, oil and gas are burned. Sulfurdioxide 
and nitrogen oxides are released into the atmosphere where they can be 
absorbed by the moisture and become weak sulfuric and nitric acids, sometimes 
with a pH of around 3 

Dry deposition typically occurs close to the source of emission and causes 
damage to buildings and structures (Figure 5.13). Wet de{X}sition, by contrast, 
occurs when the acids are dissolved in precipitation, and can fall at great 
distances from the sources. Wet deposition is an example of a 'trans-frontier' 
pollution, as it crosses international boundaries. 

Topofmixinglayer _ 

Miidnganddiffusion 

~ 

Fig ure 5.13 Acid deposition 

First dry deposition 
(S..25km) 

fiffl!ffl:- I 

f·ftitt¥- I 

Knowledgeofchemicalequationsis 
not required. 
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Effects of acid deposition on soil, water and 
living organisms 

Acidic rainfall has a major impact on coniferous trees (Figure 5.14). ConiferoU'l 
trees are more at risk than deciduous trees because they do not shed their 
leaves at the end of the year.Trees can also take up toxic aluminium ions from 
the soil 

In soils, increasing acidity leads to falling numbers of fungi, bacteria and 
earthwonns. Earthworms cannot tolerate soils with a pH of below 4.5. 

With increased acidity, more calcium and magnesium can be leached from a 
soil, while metals, especially iron and aluminium, are mobilised by acidic water 
and flushed into streams and lakes. Aluminium damages fish gills, call'ling mucus 
to build up, thereby making breathing difficult. 

Thinning of crown 
(crown die-bad;} 

Add 
deposition 

Gas.aerosol 
and particles 

Figure 5.14 The impact of acid rain on coniferous trees 

• QUICK CHECK QUESTIONS 

37 Identify the two chemic:als associated \\~th acid deposition. 
38 Describe one impact of acidification on coniferous trees and one impact on 

soils,asshown in FigureS.14. 

HOlui::ilUluMM i 
Many students forget about 
dry deposition when referring to 
aciddeposition.Bothwetanddry 
depositionareimportant~dry 
depositiontendstobelcx:al,whereas 
wet deposition is more regional in 
scale. 



Regional effects of acidification 
Figure 5.13 showed that dry de{X)sition typically occurs close to the source of 
emission and causes damage to buildings and structures, whereas wet deposition 
occurs when the acids are dissolved in precipitation, and may fall at great 
distances from the sources 

The main areas experiencing acid rain are those areas downwind of major 
industrial regions such as Scandinavia (downwind from Western Europe), 
northeast USA and eastern Canada (downwind from the US industrial belt). 
There is less acidification in Scandinavia now compared with the 1980s, as 
there is less heavy industry in Western Europe. Areas that are incre3Singly 
causing acidification include China and India. 

Areas experiencing acidification usually ha\•e a combination of being 
downwind from industrial belts and fossil fuel power stations, have high rainfall, 
contain lots of forests and lakes, and have thin soils. 

Some environments are able to neutralise the affects of acid rain. This is 
referred to as their buffering capacity. For example, chalk and limestone areas 
are very alkaline and can neutralise acids very effectively. The underlying rocks 
over much of Scandinavia, Scotland and northern Canada are grani te. These 
are naturally acid, and have a very low buffering capacity. It is in these areas 
that there is the worst damage from acid rain 

Pollution management strategies for acid 
deposition 

V31:ious methods are used to try to reduce the damaging effects of acid deposition. 
One of these is to add powdered limestone to lakes to increase their pH values 
However, the only really effective and practical long-term treatment is to curb 
the emissions of the offending gases. This can be achieved in a variety of ways: 
• by reducing the demand for electricity 
• by reducing the amount of fossil fuel combustion 
• useoflow-sulfurfossilfuels 
• use of alternative energy sources that do not pro.:luce nitrate or sulfate gases 

(e.g. hrdropoweror nuclear power) 
• by removing the pollutants before they reach the atmosphere 
• use of limestone scrubbers in chimneys of power stations (to neutralise the acid) 
• spraying powdered limestone onto acidified soils or waters 

Internationa l agreements concerning 
ac id ificat ion 
• The 1979 Convention on Long-Range TransOOundary Air Pollution was 

important for the clean-up of acid rain in Europe. 
• The 1999 Gothenburg Protocol commits countries to reducing emissions 

of sulfur dioxide, oxides of nitrogen, VOCs and ammonia in an attempt to 
reduce acidification, eutrophication and ground-level orone 

• The 1991 Air Quality Agreement between the USA and Canada focll'led on 
acid rain and, later, smog. 

• QUICK CHECK QUESTIONS 

39 Identify the rocks that offer the best buffering against acidification. 
40 Explain how adding powdered lime can combat acidification. 

EXAM PRACTICE 

8 Evaluatetheroleofreducing,reusingandrecyclingstrategiesinthe 
managementofatmospherkpollutants. [9] 
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ThecaseagainstSOiandNOi is 
notclear-cut.Whilevictimsand 
environmentalistsstresstherisksof 
acidific.ation,industrialistsstressthe 
uncertainties.Forexample: 

• Rainfallisnaturallyacidicandcould 
cause some of the damage. 

• Nosingleindustry/countryisthe 
sole emitter of SO)NOx - so it is 
impossible to apportion blame. 

• Carmmerswithc.atalyticcorwertors 
reduceemissionsofNOx. 

• Differenttypesofcoalhavevariable 
sulfurcontent-somecoalis 
'cleaner'thanothers. 

13 lu'f:i Hl::ibM i 
Somestudentsthinkthatacidific.ation 
is no longer a problem as less SOi is 
being emitted.Although less coal is 
beingburntinsomecountries, the 
increase in the number of cars more 
than compensates for this. 



The issue of global warming 

The greenhouse effect 

The role of greenhouse gases in maintaining 
mean global temperature 

The greenhouse effect is a normal and necessary condition for life on Earth 
Greenhouse gases allow incoming short-wave radiation to pass through the 
atmosphere and heat up the Earth's surface. They trap a proportion of the out­
going long-wave radiation from the Earth - hence the atmosphere is heated 
from below rather than from above (Figure 6.1). In this way greenhouse gases 
raise the Earth's temperature by about 33°C and make life on Earth possible 

Figure 6.1 The greenhouse effect 

Carbon d ioxide (C0 2 ) leve ls in geolog ica l times 

1- Temperaturevariation - COicooc:e<itriltioo l 

Fig ure 6.2 Carbon dioxide levels in geological time 

Key word definition 
Greenhouse gases are those 
atmo;;phericgasesthatabsorb 
infrared radiation, causing world 
temperatures to be warmer than 
they would otherwise be. This 
process is sometimes known as 
'radiation trapping'. The naturnl 
greenhouse effect is caused mainly 
bywaterfilldcarbondioxide 
Humfillactivitieshaveledtofill 
increase in the levels of carbon 
dioxide, methane and nitrous 
oxide(dinitrogen oxide, NiO) 
in the atmU'iphere, and there are 
fearsthatthismayleadtoglobal 
warming. 
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There have been coruiderable changes in the levels of carbon dioxide in the 
geological past (Figure 6.2). Generally, higher levels of carlxm dioxide correlate 
with higher temperatures, and lower levels of carbon dioxide correlate with 
lower temperatures. 

• QUICK CHECK QUESTIONS 

Brieftjdescribethegreenhouseeffect. 
Describe the relationship between carbon dioxide and temperature as shown 
on Figure6.2. 

Human activities and greenhouse gases 

The main greenholl'ie gases include water vaix:,ur, carbon dioxide, methane, 
CFCs, mone and oxides of nitrogen. Human activities are increasing levels 
of carlxm dioxide, methane and CFCs in the atmosphere, which may lead to 

global warming 

• carbon dioxide 

. CKs,HFCs 

• Oxides of nitrogen 

Fig ure 6.3 The main greenhouse gas emissions related to human activity 

• Sources of carbon dioxide include respiration by living organisms, breakdown 
of organic material, volcanic vents, burning of fossil fuels and organic 
materials,andforestfires. 

• There are many different .'lOurces of methane including wetbnds, bogs, 
stagnant water bodies, rice paddies, tundra .'lOils, the breakdown of organic 
material, volcanic vents, livestock, bndfill sites, melting of permafrost, and 
manure or sewage. 

• Sources of CFCs include refrigeration and air conditioning systems, plastic 
foams, aerosol cans and .'lOlvents used in the electronics industry. 

• Energy 
• lndu51rialproces= 
• Landusechang,es 
• Agriculture 

Wase 

Fig ure6 .4Sourcesofhuman-related greenhouse gases 

• QUICK CHECK QUESTIONS 

3 Identify the main source of human-related (anthropogenic) emissions of 
greenhouse gases. 

4 List the anthropogenic greenhouse gases in descending order of emissions. 

Key word definition 
Global warming is an increase in 
averagetemperatureoftheEarth's 
atmosphere. 

l+irr'l:IU:l::ibMi 
Many people forget that water vapour 
isagreenhousegas,althoughitis 
not considered to be a human-related 
greenhousegas.ltsexactroleis 
unclear. 

Although there are some sources of 
carbondioxideandmethanethatare 
thesame,suchasvolcanicventsand 
thebreakdownoforganicmatter,you 
needtogivedifferentsourcesrather 
than the same one for carbon dioxide 
and methane. 
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The potential effects of increased mean g lobal 
temperature 

The rotential effects on the distribution of biomes, global agriculture and 
human societies might be ad\·erse or beneficial, for example· 
• biomesshifring 
• change in location of crop-growing areas 
• changed weather patterns 
• coastal inundation (due to thermal expansion of the oceans and melting of 

the rolaricecaps) 
• human health (spread of tropical diseases) 

Changes in biotic components of ecosystems 

Table 6.1 Changes in biotic components of ecosystems and their impact 

Changes 

• Bk:imesshifttohigherlatitudes/ 
altitudes as climate changes 

• Expansionofareasinhabitedby 
tropicaldiseasevectorssuchas 
mosquitoes 

• Lossofspeciesdiversityasspecies 
areunabletoadaptorhavelimited 
scope for shifting, and become 
extinct 

• Animals can migrate but plants shift 
their range more slowly 

• Increased rates of primary 
productivity 

Coasta l inundation 

Impacts/significance for humans 

• Shifting bk:imes mean crop-growing 
areas will shift 

• Some areas will change in terms of 
productivity 

• Ashortageofresourcescouldlead 
to increased conflict, for example 
CNerwaterorfood 

• Impact on human health as more 
areasbecomeaffectedbytropical 
diseases 

• Lossofeconomic,ae,theticand/ 
or medical benefits of species 
diversity 

Coastal inundation (floo.:ling) will occur as global warming will lead to thermal 
expansion of water and melting of (land-based) glaciers and ice caps, leading to 
a sea-level rise. This could have many impacts: 
• increased coastal erosion 
• intrusion of salty water 
• reduction of mangrove forests 
• coral reefs unable to obtain sufficient light 
• wading birds struggling to obtain food 
• contamination of soils and a decline in agricultural production 

Impact on human health 
Global warming could have a varied impact on human health: 
• an increase in stagnant water, meaning more mosquitoes that carry diseases 
• people forced to leave their homes and becoming more susceptible to 

diseases, especially children and the elderly 
• changes in distributions of organisms, bringing new diseases to areas 
• saltwater intrusion onto coastal agricultural land, meaning a reduction in 

food production, and leading to more widespread hunger and malnutrition, 
increa'ling the impact of diseases. 

Changes in weather patterns 
Researchers suggest that a doubling of COz from the base line value of 270 ppm 
(pans per million) to 540ppm would lead to: 
• an increase in temperatures of around 2°C, although increa'ied warming is 

likely to be greater at the roles rather than at the Equator 
• changesinprevailingwinds 
• changes in precipitation 
• continentalareasbecomingdrier. 
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CASE STUDY 

THE POTENTIAL IMPACTS OF CLIMATE CHANGE ON THE UK 
Positive impacts might include: • anincreaseininvasiveanimal-especiallyinsect-species 
• an increase in timber yields (up to 25% by the 2050s), as a result of no~hward migration from the continent, and 

especially the north of the UK (with perhaps some decrease a small decrease m the number of plant species due to the 
in the south) loss of northern and montane (mountain) species 

• a northward shift of farming zones by about 200---300 km • a decrease in crop yields in the southeast 
per degree centigrade of warming, or 50--BOkm per • an increase in river flow in the winter and a decrease in the 
decade, would improve some forms of agriculture, summer, especially in the south 
especially pastoral farming in the northwest • an increase in public and agricultural demand for water 

• enhanced potential for tourism and recreation as a result • damage from increased stormines.s, flooding and erosion 
ofincreasedtemperaturesandreducedprecipilationinthe to natural and human resource5andotherassetsincoastal 
summer,especiallyinthesouth. 

Negative impacts might include: • increased incidents of certain infectious diseases in 
• an increase in droughts, soil erosion and the shrinkage of humans and of the health effects of episodes of extreme 

clay soils temperature. 

THloi6.2 Whatwouldbe 1 significant<lim1tech1ngefortheUK7 

IF THERE ISAN INCREASE OF IF THERE ISAN INCREASE OF IF THERE ISAN INCREASE OF 
TEMPERATURE OF O S°C TEMPERATURE OF 1°C TEMPERATURE OF 1 S°C 

Summer and winter precipitation 
increasesinthenorthwestby2-3% 

Annual runoffinthesouthern UK 
decreasesby5% 

The frequency of the 1995 type summer 
(drought) increases from 1 :90 to 1 :25 

DisappearancefromtheBritishlslesof 
a few niche species, e.g. alpine wood 
fern and oak fern 

In-migration of some continental 
speciesandexpansionofsomenative 
species,e.g.redadmiralandpainted 
la(fybutterflies,Dartfordwarbler 

lncreaseinoverallUKtimber 
productivityby3% 

Increase in demand for irrigation water 
by21%overtheincreasewithout 
climate change, and in domestic: 
demandbyanadditional2% 

Decrease in heating demand by 6% 

Summer and winter precipitation 
increasesinthenorthwestby4%; 
someprecipitationdecreasesinthe 
southeastby5% 

AnnualrunoffinthesouthernUK 
decreasesby10% 

Frequency of 1995typesummer 
increases from 1:90to 1:10 

DisappearancefromtheBrilishlsles 
ofcertainspecies,e.g.ptarmigan, 
mountain hare 

Expansionofrangeofmostbutterflies, 
mothsandbirds,suchasgoldeneye 
andredwing 

lncreaseincr,.,erallUKtimber 
productivityby7% 

lncreaseindemandforirrigationwater 
by42%overtheincreasewilhout 
climatechange,andindomestic 
demandbyanadditional5% 

Decreaseinheatingdemandby11% 

Summer and winter precipitation 
increases inthenorthwestbyabout 
7%;summerprecipitationdecreasesin 
thesoutheastby7--8% 

AnnualrunoffinthesouthernUK 
decreases by IS% 

Frequency of 1995typesummer 
increases from 1:90to 1:3 

FurtherdisappearancefromtheBritish 
Isles of several species 

In-migration of several species 

lncreaseinoverallUKtimber 
productivityby15% 

lncreaseindemandforirrigationwater 
by63%overtheincreasewithout 
climate change, and in domestic 
demandbyanadditional7% 

Decreaseinheatingdemandby16% 
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• QUICK CHECK QUESTIONS 

S State one advantage of rising temperatures for the UK, as shown in 
Table6.2. 

6 Explain two reasons why global warming could lead to an increase in the 
number of cases of malaria. 

Feedback mechanisms associated with an 
increase in mean global temperature 

There are many examples of feedback in the pnx:ess of global warming 
(Figures 6.6 aru:16.7). Positive feedback mechanisms occur involving increasing 
temperatures, melting permafrost and releasing methane. As methane is a 
greenhouse gas, it has the potential to increase temperatures, thereby reinforcing 
the rise in temperature. 

In contrast, higher temperatures in tropical areas may lead to increased 
precipitation in many pans of the world. Increased precipitation in polar areas 
leads to increased snow cover. The surface of snow and ice is very reflective, 
and so the albedo is increased. Increased reflectivity reduces the amount of solar 
radiation received and so lowers temperatures. 

/~~ 
/ ~ "" 

lncrnasedamoont 
ofm!arenergy 
absorbed at the 

" ~ 
c lmtingof 

po!arkec.-ips 

Figure 6.6 Positive feedback in global warming 

Experts do not know what will 
actuallyhappen-theycanonlymake 
'educatedguesses'.However,as 
Table6.2shmvs,theimpactsarelikely 
toincreaseastherateoftemperature 
change increases. 
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Figure6 .7Negativefeedbackinglobalwarming 

• QUICK CHECK QUESTIONS 

7 Identify the type of feedback that is self-regulating. 
8 Identify the type of feedback that leadstoinstabilityandchange. 

Pollution management strategies to address the 
issue of global warming 

The Kyoto Protocol 
The Kyoto Protocol ( 1997) gave all MEr::cs legally binding targets for cuts in 
emissions from the 1990 level by 2008--12. The EU agreed to cut emissions by 
8%, Japan by 7% and the USA by 6%. Some countries found it easier to make 
cuts than others. 

Since 1992, when negotiations for the Kyoto Protocol first began, greenhouse 
gas emissions have risen by 50%. In 2010, despite a global recession, they rose 
by5%. 

There are three main ways for countries to keep to the Kyoto target without 
cutting domestic emissions 
• Install clean technology in other countries and claim carbon credits for 

themselves 
• Buy carbon credits from countries such as Russia where traditional heavy 

indll'ltries have declined and the national carbon limits are underused. 
• Plant forests to absorb carbon or change agricultural practices (e.g. keep 

fewer cattle). 

Even if greenhouse gas pro.:luction is cut by between 60% and 80% there is still 
enough greenhouse gas in the atmosphere to raise temperatures by 5°C. 

The Kyoto Protocol deadline was the end of 2012 (Figure 6.8). However, it 
was only meant to be the beginning of a long-term process, not the end of one 

At the 2011 Durban (South Africa) conference the debate about a legally 
binding global agreement was reopened. Countries now have until 2015 to 
decide how far and how fast they can cut their carbon emissions. Before the 

13"1:h:iHluMMi 
Some students state that negative 
feedbackhasanegativeimpacton 
theenvironment-thisisnotso, 
as negative feedback can be5elf­
regulatingand reduce theamountof 
change in an environment. 

Ui¥4C· 
Bepreparedtodraw a diagramof 
positive and/or negative change in 
relation to global warming. 

WWU· 
Youshouldconsiderthefollowing 
pollution management strategies 
when answering exam questions: 

• global-intergovernmental and 
internationalagreements(for 
example, the Kyoto Agreement 
and subsequent updates), carbon 
taxandcarbontrading,altemative 
energysource5 

• local-exploreyourlifestylewrth 
respecttogreenhousegasemissions. 

Consider both preventive and reactive 
strategies. 
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Durban conference, most countries were going to follow national targets 
for carbon emissions after 1011, which would be voluntary and not legally 
binding 

The Durban Agreement differs from the Kyoto Protocol in that it includes 
LEOCs as well as MECCs. It differs from other summits in that it is working 
towardsalegallybindingtreaty. 

jll'lt one day after committing to the new road map, Canada pulled out of the 
Kyoto Protocol altogether because it was unable to fulfil its obligations. It was 
due to reduce its greenhouse emissions by 6% in 2012, but its emissions have 
risen by 30%. Canada would have to pay some $14 billion to buy carbon credits 
from other countries 

WorldC01 (energy-relilted)emissiom 

G'!)atormes{GT} 
IPCCproduce,itsbigge,trepo<t)'l'tstatingtl>ere,Sa 
90J)l'fcentcertaintythatmodloftheobsefwd 
warmingofthedimateG111beatoibutedtohumal! 
actions,GeorgeW.8ushdla"9"'hkl")'itioo, 
agrl'l'ingf0<thefirsttimetoenterimematiooal 
negctiatioosooa,uc<:eslOftotheKyo!Ol'mtocol.At 
BaliinOecemberworldgo,,..mmeolsag«><"tostan 
two)'l',11Solrn-gotiatioo,aomedatforginga 
succe,sortoK)'lto 

IPCCpublilhesitsfiJ,treport, 
findingthatg...-.e,,ucha,co, 
~~;asethenan.algreeriho.,<;e 

EarthSUmmitinRiod.laflNR>produc..,theUnilt'd 
1Q Na!ions f~CorwmliononClmateChaoge 

(UNKCC),....+,ichbiods~nmMts!DtaU'action 
!0-,iddange<ou,dim.n,,change 

Russiaaglft'S!Ofatity 
theKyotol'rotocol.Tht, 
""""'~n!ffStha! 

~o'=?..,;l am,o 

5 ~~""'u.~~r,ed~:!::h~~~~~=~~~t 
mustcutcarbon=·~·~.O-tt.."""1few)'&YS,IM Scimti,t,;ittri~mucholthe 
pm!O<:ol,S'.atiMdbyal~countriesl'lKep!theUS stHprMin=·~·~a .. 
ondAurualia 1""..-iousl- )'Nn!OChina~ 

rapideronomic:~ 

Figu re 6.8 The chronology of attempts to tackle global warming 

Individua ls' reductions in greenhouse gases 
There are many ways in which individuals can reduce their own emissions of 
greenhouse gases: 
• Usepublictrarupon 
• Walkorrideabikeforlocaltrips. 
• Tum off lights when leaving a room. 
• Reduce the use of heating and air conditioning 
• Eat locallyprcxluced frxxl 
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• QUICK CHECK QUESTIONS 

9 lnwhatyeardidtheKyotoProtcx:ol 'runout'? 
10 Identify the Conference that is attempting to find legally binding cuts in C01 

by 2015. 

Common mistake 
Some students consider preventive and reactive strategies to be the same - this is 
not the case. 

• Preventivestrategiespreventglobalwarmingfromtakingplace.Anystrategy 
thatpreventsfossilfuelsfrombeingburntisapreventivestrategy. 

• Reactive strategies try to treat the symptoms of global warming - attempts to 
reduce carbon emissions are a reaction to the build-up of greenhouse gases. 

Expert tip 

Youshouldevaluatethesestrategieswithregardtotheireffectivenessand 
the implications for MEDCs and LEOCs of reducing C01 emissions in terms of 
economic growth and national development. 

The arguments surrounding global w a rming 

Theories regarding g loba l warming 
Some critics state that even if humans are causing climate change, the Earth 
will correct itself - this relates in part to the Gaia hypothesis, i.e. that the Earth 
is a self-regulating entity. 

Those w ho believe that human-induced g loba l 
wa rm ing is rea l 
Some claim that the scientific data prove that the climate is warming. Data 
from a variety of sources show that carbon dioxide levels and greenhouse gas 
levels are increasing, and in some cases that temperatures are rising 

They claim that human activities and/or fossil fuel combustion are known 
to increa,;e carbon dioxide/greenhouse gas levels, and insist that carbon dioxide 
and other greenhouse gases are known to affect global temperatures. Therefore it 
is likely that human activities are resulting in global climate change. Moreover, 
the rapid rate of increase in carbon dioxide levels implies a human link. 

Those who d ism iss global warm ing 
Some people claim that natural fluctuations occur, so changes in climate could 
still be a short-term trend. They argue that the only technologically verifiable 
data have been collected from a short period of time. 

They also state that other aspects of climate change are not all fully 
under..tocxl and that climate has changed in the past. This is in part due to 
natural fluctuations such as Milankovitch cycles ( variations in the Earth 's orbit 
around the Sun, in the length of seasons and in the orientation of the poles 
towards or away from the Sun) 

Moreover, current carbon dioxide levels and global temperature fluctuations 
are mcxlerate compared with geologic histoty (see Figure 6.1 ). Therefore it is not 
conclusive that humans are causing global climate change. 

Globa l d imming 
Global dimming refers to a reduction in global temperatures as a result of p:,llution. 

In the 3 days after the 9/11 attacks on the World Trade Center, daily 
temperatures increased by an a\·erage of l. l 0C. The cause of this increase was 
the grounding of airlines in the interests of national security. The absence of 
vapour trails left behind by high-flying aircraft (Figure 6.9), and the absence of 
small droplets (aerosols) they form, caused this effect 

i©fiitfl-



Figure 6.9 Contrails, the vapour trails that form behind 
aircraft 

Aerosols are highly reflective aru:I reflect solar energy, thereby blocking it from 
entering the lower atm0,<;phere, which has a cooling effect. Air i:ollution has 
a similar impact. Scientists who discovered the phenomenon called it 'global 
dimming'. 

It is possible that global dimming has slowed down global warming. 
Ironically, therefore, by cleaning up air i:ollution, climate change may be 
accelerated. 

Scientists showed that from the 1950s to the early 1990s, the level of solar 
energy reaching the Eanh's surface dropped 9% in Antarctica, 10% in the USA, 
and al=t 30% in Russia due to high levels of i:ollution at that time 

Natural particles in clean air provide points of attachment for water. 
Polluted air contains far more particles than clean air (e.g. ash, soot, 
sulfur dioxide etc.) and therefore provides many sites for water to bind 
to. These tend to be smaller than natural droplets. The many small water 
droplets reflect more sunlight than a few larger ones, so i:olluted clouds reflect far 
more light back into space, preventing the Sun's heat from getting through. 

The mechanism of global dimming works because not only are the particles 
over i:olluted areas themselves reflecting more sunlight, but also the water 
droplets formed around these particles reflect more light. 

• QUICK CHECK QUESTIONS 

11 Explain the term global dimming. 
12 Identify one natural cause of climate change. 

Contrasting human perceptions of the issue of 
global warming 

There are many different vieWJX}ints about global warming and these can 
change over time; 
• 350.org is an organisation building a global movement to solve the climate 

crisis 
• Al Gore's lxx>k and film An lnconvrniell! Truth managed to get the message 

about global warming to many of the US public. However, some critics argue 
that it was only the effects of Hurricane Katrina (and later Hurricane Sandy) 
that awoke many Americans to the idea that global warming was having an 
impact on the USA. 

• In a similar way, some climate experts believe that the 2013 Australian 
heatwave will prove a turning i:oint in how Australians resp;md to warnings 

HOl::ir:iOJ:i,:if\£\i· 
Therearenaturalcausesofclimate 
changeaswellashuman-induced 
cause5.Justbecausethenaturalones 
existthisdoesnotmeanthatthereis 
no human impact on climate change. 

Youshouldappreciatethevarietyof 
conflicting arguments surrounding 
this issue. Youshouldalsonotethe 
complexityoftheproblemandthe 
uncertainty of global climate models. 

You should be aware of the concept 
ofglobaldimmingduetoincreased 
levels of atmospheric pollution. 

fifflffl!- I 
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about human-induced climate change. In a country that relies on fossil fuels 
for much of its wealth (coal is its second largest export and produces about 
80% of its electricity), climate-change sceptics have often swayed political 
action. 

• In TM Skeplical Eiwiranmen1alis1, Bjorn LomOOrg argues that there are too 
many uncenainties regarding global warming, although he accepts that 
humanactivityisaddingtoit 

• In TM Great Glol::d Wanning Swindle, Manin Durkin argues that global 
warming is more likely to be caused by natural variations such a<; Sunspot 
activity. 

EXAM PRACTICE 

1 Describeecocentricandtechnocentricresponsestoglobalwarmingand 
justifywhichmaybemoreeffectiveinreducingtheimpactsofglobal 
warming. 181 



Environmental value systems 

Environmental value systems and 
philosophies 

Social systems 

Environmental value systems, like all systems, have inputs and outputs 
• Outputs of 3Il environmental system are determined by processing the inputs 
• Outputs can be modified by personal characteristics (e.g. age, gender, strong-

willed vs compliant, optimistic vs pessimistic) and emotions. 

Environmental value systems work within social systems. Both social systems 
and ecosystems exist at different scales, and have common features such as 
feedback and equilibrium 

Inputs Outputs 

PmpectM."l Ed=,oo Ill== 
Col·ru·rali.nfluence,;.--- Awaisa l 

Soc1almfluena>s--~11i111i!!l!!!'!.iilil Deds.ions 

The med1a(e.g. film, TV}--

Action 
Rel191on ----~ 

Figure7.1 Environmental value systems: inputs and outputs 

Table 7.1 Comparing social systems and ecosystems 

Social syste m Ecosystem 

Flows Information, ideas and people Energyandmatter 

Storage Ideas and beliefs Biomass;theatmosphere;soils; 
lakes,rivers,sea 

Levels Sociallevels(i.e.hierarchy) Trophiclevels 

Producers People responsible for new Plants,algaeandsomebacteria 
input (e.g. ideas, books, films) 

Consumers Absorbandprocessnewinput Consume other organisms 
(e.g. ideas, food, material 
possessions) 

Range of environmental philosophies 

Environmental value systems Cfill be applied to a range of environmental 
philosophies. An environmental philosophy determines the global perspective 
of an individual or group of individuals, the decisions they make, and the course 
of action they take regarding environmental issues. 

Ecocentrism is a nature-centred environmental philosophy. An ecocentrist 
worldview sees nature as having an inherent value: 
• Involving minimum disturb311ce of natural pnxesses 
• Combining spiritual, social =d environmental a<;pects 
• Aiming for sustainability for the whole Earth 
• Involving self-imposed restraint of natural resource use 

f·ftitt¥- I 

f·ftift¥- I 

Keyword definition 
Environmental value system 
refers to a particuhr worldview 
that shapes the way an individual 
orgroupofpeopleperceives311d 
evalumesenvironmentalissues 

Asocietyis311arbitrarygroupof 
individuals who share some common 
characteristic such as geographical 
location, cultural background, 
historicaltimeframe,religious 
perspective, value system and so on 

W¥41D· 
Makesureyouknowthedefinitionfor 
environmental value system.Although 
notoneoftheglossarydefinitions, 
you need to understand this concept. 
ltwillbeinfluencedbycultural 
(includingreligious),economicand 
so::io-politicalcontext. 
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Anthropocentrism is a people-centred environmental philosophy. It believes 
that it is im{X}rtant for everyone in sociery to participate in environmental 
decision making· 
• People act as the managers of sustainable global systems. 
• Management requires strong regulation by independent au thorities 
• Participation has an important role to help educate people about 

envirorunentali:;sues. 
• Participation means that people who might be causing the problems are less 

likely to do so if they are invol\·ed in decisions abou t their own environment. 
• Sometimes less powerful groups in sociery ha\·e the best knowledge about 

what is right for an environment, e.g. indigenoll'l groups. 
• People who believe in democracy argue that everyone has a right to have a 

say in how communal natural resources are managed. 
• Ecosystems need to be managed holistically so people from all walks of life 

should be able to contribute 
• It includes self-reliant soft ecologists who: are more conservative about 

envirorunental problem solving than deep ecologists; emphasise smallne:;s 
of scale and therefore community identiry in work and leisure; lack faith in 
modem, hrge-scale technology; believe that materialism for its own sake 
is wrong; believe that economic growth can be geared to even the IXJOl"est 
people. 

• It includes envirorunental managers who: believe that economic growth 
and resource exploitation can continue if carefully managed; believe that 
laws and regulation can manage natural resources; appreciate that preserving 
biodiversiry can have economic and ecological advantages; believe in 
compensation for those who experience adverse environmental or social 
effects 

Tech nocentrism is a technology-centred environmental philosophy. 
A technocentrist worldview sees technology as providing solutions to 

environmental problems even when human effects are pushing natural systems 
beyond their normal boundaries: 
• Technology can keep pace with, and provide solutions to, envirorunental 

problems. 
• Resource replacement can reduce resource depletion. 
• There is a need to understand natural processes in order to control them. 
• Emphasis should be on scientific research and prediction before 

policymaking. 
• Emphasis should be on sustained market and economic growth. 

Specific groups representing different environmental philosophies lie on the 
spectrum from ecocentrism through to technocentrism, with deep ecologist s 
and cornucopians at opposite ends of the environmental values system 
continuum (Table 7.2). 

You may be asked to comment on 
how people's different philosophies 
(e.g. deep ecologists vs cornucopians) 
influencehowtheyrespondto 
environmentalissuescoveredinthe 
course(e.g.energysupply,water 
shortage, farming methods), and how 
thisaffectsdecision-makingprocesses. 

83°1:ir!' UluihM i 
Takecarenottooversimplifytheview.. 
ofeccx:entrismandtechncx:entrism 
bymakingclaimssuchas'eccx:entrics 
don't believe in technology' and 
'techncx:entricsdon'tcareabout the 
environment'. You need to use the 
level of detail shown in Tables 7.2 
and7.3. 

Tab le 7.2 Comparing the environmental value systems of deep ecologists and cornucopians 

Ro le of natu re 

Ro le of huma nity 

Biod iversity 

Deep ecologist Co rnucop ian 

• See humans as subject to nature, not in control • Nature is there to be made use of by humanity 
ofit • Humanscancontroltheirenvironment 

• ltisofintrinsic importancefortheexistenceof 
humanity 

• More value placed on nature than on humanity 
• Ecological laws dictate human morality 

• Believeintheinherentrighttolifeandintrinsic 
value of species 

• Place most value on bio-rights, i.e. favour the 
rights of species to remain free from harm 
over the rights of humans who wish to exploit 
resources for economic gain 

• Humanshavetheabilityto improvethe 
conditions of the Earth's peoples and they have 
theingenuitytoovercomeanydifficulties 

• See biodiversity as a resource to be exploited 
for economic gain 

• Lessconcernlorintrinsicorethicalrightsof 
biodiversity 
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Table 7.2 (Continued) 

Deep ecologist Cornucop ian 

Consumption • Nature is more important than material gain • Resources are there to be exploited and to 
for its own sake generate income 

Modern, large- • Distrust and lack faith in it • See it as providing the solutions to humanity's 
scale technology environmental issues 

Eco nomic growth • Should not occur at the expense of natural • Forms the basis of all projects and policies 
resourcesandtheenvironment 

• Should be geared to providing the needs of 
the poorest people 

Environmental • Need to be tackled at source and ideally • People can always find solutions to political, 
problems preventedinthefirstplace scientific or technological difficulties 

Decision making on environmental issues 

Table 7.3 Comparing the advantages and disadvantages of ecocentric and 
technocentric responses to environmental issues 

Ecocentrism 

Advantages 

• Approaches are more 
sustainable 

• Responses aim to 
minimise impact on 
the environment by 
encouraging restraint 

• Promotes methods more 
in harmony with natural 
systems 

• Does not have to 
waitfortechnologic.al 
developments to occur 

• Raisesgeneral 
environmental awareness 
in communities 

Technocentrism • Pra,.,idesalternatives 

Common mistake 

that don't inconvenience -· • Substitutesmaterialsand 
so avoids costly industrial 
change 

• Allows economic, social 
andtechnologic.al 
development to continue 

Disadvantages 

• Conservation can be 
costly,withlittleeconomic 
return 

• May be unpopular 
with countries seeking 
economic development 

• May hinder economic 
grm\'thanddevelopment 

• Requiresindividual 
change,whichcanbe 
difficult to encourage 

• Technological solutions 
maygiverisetofurther 
environmental problems 

• Substituting does not 
solve the problem of 
consumensm 

• Allows for greater 
resource consumption 

• High costs 

A question may ask you to discuss two contrasting environmental problems. 
The contrast can be one of cause or scale. If you do not pick two very different 
environmental issues you will lose marks. Appropriate contrasting issues would be, 
forexample,climatechangeandbiodiversityloss. 

Expertttp 
If asked to evaluate a response to an environmental problem, an appropriate 
answer might be: technology is a tool that cannot on its mvn solve any problem, 
there has to be political will (anthropocentric involvement and commitment from 
people) to make changes and then technology can help to proYide solutions; 
people are reluctant to adapt lifestyles or accept lmvered standard of living, so 
ecocentricapproachescanbehardtoenforce. 
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Worked example 

Describe and evaluate eaxentric and technocentric responses to eutrophication. 
Ecocentric: 
• Encourage methods that are in balance with natural systems - for example, use animal dung on agricultural fields or 

crop rotation, so that less or no fertiliser is needed 
• Encourage people to use less detergent through educational campaigns to promote more environmentally friendly 

detergent ( i.e. zero or low phosphate) 
• Plant a buffer zone between fields and water courses to absorb any run off from fields treated with fertiliser. 

Technocentric: 
• Promote the use of alternative materials such as alternatives to phosphates in detergents 
• Apply fertilisers more carefully so there is reduced runoff. 
• Use technology to screen water and to remove pollutants - for example, phosphate stripping 
• Pump air through lakes to avoid the low-oxygen conditions 
• Remove nutrient-enriched sediments from water courses - for example through mud pumping. 

Evaluation 
• Ecocentric approaches are difficult to enforce a,; people are reluctant to change their lifestyles 
• Alternative approaches such as organic fertilisers may not work effectively and can still result in 

eutrophication 
• Technocentric solutions might increa.se costs - for example, research to develop new detergents requires financial 

commitments 
• They do not get to the main cause of the problem. 
• Technocentric solutions provide a short-term solution but are unsustainable in the long term. 
• They may not be an option in LEOCi; 
• Technology can help to provide solutions only if there is a political will and commitment from people to make 

changes 

• QUICK CHECK QUESTIONS 
Define the term environmental value system. 
Compare and contrast social systems and ecosystems. 
Outlinetherangeofenvironmentalphilosophie5. 
Describe the views of an environmental manager. 
Compare and contrast the environmental views of a deep ecologist and a 
cornucopaan. 

Development of the modern environmental 
movement 

Key historical events have influenced the development of the modem 
environmental movement. Major landmarks include: 
• Minamata· 

D In 1956 a chemical company relea.sed toxic methyl mercury into waste 
water in Minamara, Japan. 

D Shellfish and fish were contaminated 
D Local people developed illnesses caused by mercury poisoning. 
a This raised awareness of threats posed by industrialisation 

• Rachel Carson's Silent Spring ( 1962) raised awareness of the threat of the 
pesticide DDT to organisms higher up food chains. 

• The Save the Whale campaign (1970s) was coordinated by Greenpeace, 
which organised direct action to prevent whaling 

• Bhopal· 
D In 1984 an explosion at a Union Carbide phnt in Bhopal, India, released 

42 tonnes of toxic methyl isocyanate ga,; 
D Between 8CXXl and 10 000 people died within the first 71 hours. 
D Highlighted to the world how dangerous factories can be 

i@if@-
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• The Chernobyl nuclear meltdown in 1986 reinforced negative perceptions of 
nuclear power in society. 

• The UN Rio Earth Summit (see also pages49 and 93): 
D The first UN conference to fcx:us on sustainable development. 
D Attended by I 72 nations, so its impact was likely to be felt globally. 
D The summit's message was radical, i.e. that nothing less than a 

transformation of our attitudes and behaviour would bring about the 
necessary changes 

D Led to the adoption of Agenda 21, a blueprint for action to achieve 
sustainable development worldwide 

• An/nco11ve11ien1Trnth: 
D Extensive publicity following release of the film in 2006 meant that many 

people heard about global warming 
D A mainstream political figure championed envirorunental issues for the 

first time. 
D The film made the arguments about global warming accessible to a wider 

audience. 
D The film changed. people's attitudes and raised awareness about climate 

change. 

Each of these; 
• resulted in the creation of environmental pressure groups, both lcx:al and 

global 
• promoted the concept of stewardship 
• increa,;ed media coverage, which raised public awareness 

Attitudes towards the environment change over time: 
• When a new resource or product is first developed, people are more 

likely to see benefits than potential problems, which emerge later 
(e.g. the car) 

• Key events prompt change (see above). 
• Environmental pressure groups help to raise awareness by distributing leaflets 

and staging events (e.g. Greenpeace) 
• Envirorunental attirudes can become politically mainstream when 

economic consequences of pollution are seen (e.g. the Stem reporr on 
global warming) 

• School curricula can reflect and promote changing attirudes 
• Changing technologies can help to spread new attitudes (e.g. the internet). 
• International organisations (e.g. the United Nations Environment 

Programme - UNEP) can raise the profile of environmental issues through 
conferences. These can set targets that take effect through national 
government strategies (e.g. Agenda 21 - pages 49 and 93). 

• QUICK CHECK QUESTIONS 

6 Describe the role of any four named historical influences in the environmental 
movement. 

7 Outline how major landmarks have influenced public perception of 
environmental issues. 

8 Describe how attitudes towards the environment can change over time. 

Environmental value systems of different 
societies 

When comparing envirorunental value systems, suitable contrasting societies 
would be, for example, Native Americans and European pioneers operating 
frontier economics, which involved exploitation of seemingly unlimited 
resources; Buddhist and Judaeo-Christian societies; commW1ist and capitalist 
societies; shifting cultivators and urban societies. 

You do not need to remember all 
ofthehistoricaleventsthathave 
shaped the environmental movement: 
questionsusuallyaskyoutodiscuss 
twoorthreedifferentevents.Youwill 
need to explain in detail why each one 
is important. 

Hilt'::H:l::ifi&it· 
There isa tendency in exams to 
writeover-longanswers.lfyouare 
asked, for example, to describe the 
roleofhistoricalinfluencesinthe 
environmental movement, make 
sureyougiveadetailedaccount 
appropriatetothenumberofmarks 
awarded. If two marks are awarded 
then two different points, no more, 
are needed. 

You need to be able to compare and 
contrast the environmental value 
systems of two named so::ieties. The 
societies chosen should demonstrate 
significant differences. 
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Compare the attirudes of two named contrasting societies towards the natural environment, and discuss the 
consequences of these attitudes to the way in which natural resources are used. 
Example used: indigenous farmers using shifting cultivation in the Arnaronian rainforest in Brazil, and city-dwel\en; in 
Brasilia 
Indigenousfarrnen;: 
• Natural resources are used in a way that minimises impact on the environment. 
• Attitudes can broadly be termed 'ecocemric' (give details from Table 7.3) 
• lifestyles and practices are compatible with the forest in which they live - using forest materials to make their 

homes, canoes, and for medicines 
• Use farming methods that mimic forest structure, for example by maintaining the layered structure of rainforest to 

protect ground crops from the SWl and heavy downpoun;. 
• Only return to farmed sites after around 50 years to allow soil fertility to be restored 
• They are animists and recognise the spiritual role of the forest, which leads to respect for trees and other species. 
• O,,·erall they are less destructive and have a closer connection between social systems and ecological systems. 

City-dwellen; from Brasilia: 
• They see rainforest as a resource to be exploited for economic gain, and underestimate the true value of pristine rainforest. 
• Attitudes can broadly be termed 'technocentric' (give details from Table 7.3 ). 
• They have a lack of undemanding aOOut how natural systems work, which means they may SUpjX)rt decisions that 

lead to damaging actions (e.g. cons truction of darns, which then become silted up). 
• They may migrate to make use of deforested land, but are unsuccessful as the soil lacks fertility. 

Personal viewpoints on environmental issues 

Religkln 

Themedia(e.g.TV, 
bool:s. films) 

Technocr tric:response 

Ecocent rkresponse 

Figure 7.2 Factors that determine personal environmental value systems. These principles can be applied to any of 
the environmental issues covered by the course.The environmental philosophy of an individual will be shaped by the 
cultural, economic and socio-political context 

• QUICK CHECK QUESTIONS IWl!!¥4Cm!l!I· •••••• 
9 Compare and contrast the environmental philosophies of two contrasting The course requires you to reflect on 

societies. whereyoustandonthespectrum 
10 What factors can determine your personal viewpoint on environmental issues? of environmental philosophies. You 

need to consider your viewpoint on 
alltheenvironmentalissuesthatyou 
havestudiedthroughoutthecourse, 
such as population control, resource 
exploitation,sustainabledevelopment 
and climate change. 
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EXAM PRACTICE 

1 Comparethecharacteristicsofecosystemsandsocialsystems. [5] 

2 Comparethelikelyviewsofadeepecologistandacornucopianontheexploitationofcoal reserves in an 
undisturbed ecosystem. [5] 

3 Discuss whether a technocentric or ecocentric approach may be more effective in solving the problem of 
stratospheric ozone depletion. [6] 

4 Outlinetheargumentsthatmightbegivenforpreservingbicxliversitybyadeepecologistandanenvironmental 
manager. [4] 

5 Identify three landmarks in the development of the mcxlem environmental movement, and justify why each one 
was significant. [9] 

6 Justify your personal viewpoint of the environmental issue shown in the following photograph, which shows 
deforestation in a tropical rainforest [6] 



I Are you ready? 
Use this checklist to record progress m; 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 gone online to check your answers 

Topic 1 Systems and models Revised Tested Exam 
ready 

Systems D D D 
Concept and characteristics of systems D D 
Transfer and transformation processes D D D 
The systems concept on a range of scales D D D 
Open systems, closed systems and 

D D D isolated systems 

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

D 0 systems 

The nature of equilibria 

Positive feedback and negative feedback D D 

Models D D 

Topic 2 The ecosystem 

Structure D 0 
Biotic and abiotic components D D 
Food chains and food webs D D 
Pyramids of numbers, biomass and productivity D D 0 
Pyramid structure and ecosystem functioning D D D 
Species, populations, habitats and niches D D D 
Population interactions D D 0 
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Revised Tested Exam 
ready 

Measuring a biotic components of the system D D 
Measuring biotic components of the system D 0 
Dichotomous keys D D 
Methods for estimating the abundance of organisms D D 
Method for estimating the biomass of trophic levels D 0 
Diversity and the Simpson's diversity index D D 
Biomes D 0 
Function D D 
The role of producers, consumers and decomposers D D 
Photosynthesis and respiration D D 
Transfer and transformation of energy D D 
Transfer and transformation of materials within 
an ecosystem D D 
Gross productivity, net productivity, primary 

D D productivity and secondary productivity 

Gross primary productiv ity and net primary productivity 0 D D 
Gross secondary productivity and net secondary 

0 D 0 productivity 

Changes 0 D D 
Limiting factors and carrying capacity 0 D 0 
5- and J-population curves 

Density-dependent and density-independent factors 

Survivorship curves 

Succession and zonation 

Changes through a succession 

Climax communities 
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Revised Tested Exam 
ready 

Measuring changes in the system D D 
Measuring changes along an environmental gradient D D D 
Measuring changes due to a specific human activity D D D 
Environmental impact assessments D D D 
Topic 3 Human population, carrying capacity 
and resource use 

Population dynamics D D D 
The nature and implications of exponential growth 

D D in human populations 

Birth rate, crude death rate, fertility, doubling time 
D D D and natural increase rate 

Age-sex (population) pyramids D D D 
The demographic transition model D D D 
The use of models in predicting the growth of human 

D D D populations 

Resources: natural capital D D D 
Resources and natural income D D 
Renewable, replenishable and non-renewable 

D D natural capital 

The dynamic nature of the concept of a resource D D 
The intrinsic value of the environment D D 
Sustainability, natural capital and natural income D D 
Sustainable development D D 
Sustainable yield D D 
Energy resources D D 
The range of energy resources available to society D D 
The advantages and disadvantages of contrasting 

D D D energy sources 
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Revised 

The soil system 

Soil characteristics 0 
Soil degradation 0 
Soil conservation measures D 
Food resources 0 
Issues involved in the imbalance in global food supply 0 

Contrasting food production systems 

Links between social systems and food production 0 
Water resources 0 
The Earth's water budget D 
The sustainability of freshwater resource usage 0 
Lim its to growth D 
Carrying capacity and local human populations 

Carrying capacity and recycling, reuse and reduction 

Environmental demands of human populations 

Ecological footprints 

Calculating ecological footprints 

Ecological footprints in LEDCs and MEDCs 

National and development policies and cultural 
influences on human population dynamics and growth 

The role of technology 

Topic 4 Conservation and biodiversity 

Biodiversity in ecosystems 

Species, habitat and genetic diversity 

Tested 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 

D 
D 
D 

Exam 
ready 

D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 

D 
D 
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Revised Tested Exam 
ready 

Natural selection D D D 
The role of isolation in forming new species D D 
Plate activity D D 
Ecosystem stability and succession D D 

Evaluating biodiversity and vulnerability D D 
Factors that lead to loss of diversity D D 
Vulnerability of tropical rainforests D D 
Past and present rates of species extinction D D 
Factors that make species prone to extinction D D 
Determining a species' Red List conservation status D D 
Extinct, critically endangered and back from the brink D D 
Natural area of biological significance under threat D D 
Conservation of biodiversity D D 
Arguments for preserving species and habitats D D 
The role of intergovernmental and non-governmental 

D D D organisations 

Designing a protected area D D D 
Evaluating the success of a protected area D D D 
Strengths and weaknesses of the species-based 

D D approach to conservation 

Topic 5 Pollution management 

Nature of pollution D D 
Pollution D D 
Point-source pollution and non-point-source pollution D D 
The major sources of pollutants D D D 
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Revised Tested Exam 
ready 

Detection and monitoring of pollution D D D 
Direct methods of monitoring pollution D D 0 
Biochemical oxygen demand (BOD) D D 
Biotic indices D 0 
Approaches to pollution management D D 
Pollution management: the process of pollution 

D 0 and strategies for reducing impacts 

Human factors that affect the approaches to pollution 
D 0 management 

The costs and benefits to society of the WHO's ban on 
D 0 the use of DDT 

Eutrophication D D 
The process of eutrophication D 0 
The impacts of eutrophication D 0 
Pollution management strategies D D 
Solid domestic waste D 0 
Types of solid domestic waste D 0 
Pollution management strategies for solid domestic 

D 0 (municipal) waste 

Depletion of stratospheric ozone D 0 
The structure and composition of the atmosphere D 0 
The role of ozone in the absorption of ultraviolet 

D D D radiation 

The interaction between ozone and halogenated 
D D D organic gases 

The effects of ultraviolet radiation on living tissues 
D D D and biological productivity 

Methods of reducing the manufacture and release of D D 0 ozone-depleting substances 



The role of national and international organisations 
in reducing emissions of ozone-depleting substances 

Urban air pollution 

Sources of tropospheric ozone 

Effects of tropospheric ozone 

The formation of photochemical smog 

Pollution management strategies for urban air 
pollution 

Acid deposition 

The formation of acidified precipitation 

Effects of acid deposition on soil, water and living 
organisms 

Regional effects of acidification 

Pollution management strategies for acid deposition 

Topic 6 The issue of global warming 

The greenhouse effect 

The role of greenhouse gases in maintaining mean 
global temperature 

Human activities and greenhouse gases 

The potential effects of increased mean global 
temperature 

Feedback mechanisms associated with an increase in 
mean global temperature 

Pollution management strategies to address the 
issue of global warming 

The arguments surrounding global warming 

Contrasting human perceptions of the issue of 
global warming 

Revised 

D 

D 

D 
D 

D 
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Tested 

D 
D 
D 

D 

D 

D 

Exam 
ready 

D 
D 
D 

D 
D 

D 
D 
D 

D 

D 
D 

D 

D 
D 

D 

D 

D 
D 

D 
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Topic 7 Environmental value systems 

Environmental value systems and philosophies 

Social systems 

Range of environmental philosophies 

Decision making on environmental issues 

Development of the modern environmental movement 

Environmental value systems of different societies 

Personal viewpoints on environmental issues 

Revised Tested 

D D 
Exam 
ready 

D 



I My revision notes 
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I Glossary 

Ahiotic The non-living part of an 
ecosystem - for example, air, wind, 
temperature,water, soil,minerals, 
landscape,climate 

Adaptive radiation Where an 
ancestralspeciesevolvestofill 
different ecological niches, leading 
to new species 

Agenda 21 An outcome of the Rio 
Earth Summit. A blueprint for 
action to achieve sustainable 
development worldwide; to be 
implementedatthelocalleveL 

Agro-industrialisation The large­
scale, intensive, high-input, high­
output, commercial nature of much 
of modem farming 

Anthropocentrism A people-centred 
environmental philosophy. 

Anti-natalist population policy A 
policy that istryingtoreducethe 
birth rate and thereby population 
size. 

Aquifer Water-bearing rock. 

Asthenosphere The part of the upper 
layer ofthemantlejustbelowthe 
lithosphere, which is involved in 
plate tectonic movement 

Background extinction Extinction at 
alocallevelcausedby,forexample, 
droughts,flcxxls,habitatloss, 
disease, the e\·olution of a superior 
competitor. 

Bacteria Very small, single-celled 
organisms that do not have a true 
nucleus 

BaselinestudyAsurveyusedto 
measure environmental conditions 
before development begins, and 
toidentifyareasandspeciesof 
conservation importance. 

Behavioural isolation When court.ship 
rituals (breeding calls, mating 
dance; etc.) between two species 
vary,suchas intheBirdsofParadise. 

Belt transect A band of chosen 
width (usually 0.5- 1 m) along an 
envirorunentalgradient 

Bioaccumulation The build up 
of non-bicxlegradable or slowly 
bicxlegradable chemicals in the body. 

Biological hotspot An area with a 
significant amount of biodiversity. 

Biomagnification The process 
whereby the concentration of a 
chemical substance increases at 
eachtrophicleveL 

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

Buffering capacity The abiliry of 
some environments to neutralise 
theaffects ofacidrain,especially 
chalk and limestone. 

Buffer zones Habitats that are 
either managed or undisturbed, 
and minimise disturbance in 
theprotectedareafrom outside 
influences such as people, 
agriculture,pestsanddiseases 

Captive breeding The process of 
breeding animals outside of their 
natural environment in controlled 
environments such as zoos 

Carnivore An organism that only eats 
animals. 

Chemoautotrophs Organisms that use 
chemical energy from oxidation 
reactionstocreateglucose(e.g 
nitrifyingbacteria) 

C ITES (Convention on the 
International Trade in Endangered 
Species) An international 
agreement aimed at preventing 
trade in endangered species of 
plants and animals. 

Collision plate margin Location 
where tectonic plates collide. 

Conference of the Parties (CoP) 
Regular meetings of governments 
toassessthesuccessandfuture 
directions of the UNCBD or 
UNFCCC. 

Constructive plate margin Location 
where tectonic plates move aparr 

Consumer An organism that eats 
other organisms to obtain its fcxxl. 

Continuous transect An area where 
the whole transect is sampled (in 
either a belt or a line through the 
habitat) 

Comucopian A teclmocentric 
viewpoint that believes that 

continued progress and provision 
of material items for humanity can 
be met by continued advances in 
technology. 

Cultural services Services provided 
by ecosys tems that provide 
opportunities for outdoor 
recreation,education,spiritual 
well-being and improvements to 
human health 

Daisyworld A mcxlel developed by 
James Lovelock to show how the 
Gaia hypothesis could regulate life 
on Earth. It is a simple model for a 
worldwide ecosystem. 

Deamination The breakdown of 
organic nitrogen (e.g. amino acids) 
into ammonia. Carried out by, for 
example,decomposers. 

Decomposer An organism that 
obtains its food from the breakdown 
of dead organic matter 

Deep ecology An ecocentric viewpoint 
that sees humans as subject to nature 
and not in control of it. 

Denitrifying bacteria Bacteria that 
convert nitrates into nitrogen 

Density-dependent factors 
Limiting factors that are related 
to population density. They are 
bioticfactors(e.g.competition 
forresources;space)that limit 
population growth. 

Density-independent factors Factors 
that are abiotic and do not depend 
on the size of the population 

Destructive plate margin Location 
where tectonic plates move 
together. 

Dichotomous key A guide that is 
used toidentifyspecies.Thekey 
is organised into steps, with two 
options containing contrasting 
featuresofspeciesgivenateach 
step. 

DNA A molecule containing the 
genetic information that codes for 
the structure and characteristics of 
an organism 

Dry deposition The direct deposition 
of particulates of S02 and N02. It 



typicallyoccursclosetothesource 
ofemission3rulcaU'iesdamageto 
buildings andstrucrures 

Dry weight biomass Where water 
isremovedbeforebiomassis 
measured 

Ecocentrism A nature-centred 
envirorunental philosophy. 

Ecological efficiency The percentage 
ofenergytrnnsferredfromone 
trophicleveltothenext. 

Ecological gradient Found where 
two ecosystems meet or where an 
ecosystem ends. 

Eluviation The removal of material 
down a soil through solution 3rul 
suspension 

Environmental impact statement 
Report produced by an 
environmental impact assessment 

Environmental isolation When the 
geographicrangesoftwospecies 
overlap, but their niches differ 
enough to cause reproductive 
isolation 

Environmental manager An 
anthropogenic viewpoint that 
believes that humans should 
managenaturalsysterrufor 
economic profit 

Environmental philosophy 
World view determined by an 
environmental value system 

Exponential Increasingly rapid 
growth 

Ex situ conservation The 
conservation of species away from 
their natural habitat in carefully 
controlled environments such a<; 

Extrapolation Estimating values 
beyond measured values, using 
graphs or other techniques. 

Aows Movement through a system 
in the form of inputs and outputs 
Can be either transfers or 
transformations. 

Food miles The distance a food 
travelstoitsfinaldestination. 

Food web A diagram that shows 
intercormected food chains in an 
ecosystem 

Formal sector (economy) Part of the 
economythatisregulated,taxed 
and subject to working conditions. 

Frame quadrat An empty square 
frameofknownarea (e.g. I ml) 

Freshwater Rivers, lakes and 
groundwater. Does not contain salt 

Fungi Organisms that are 
heterotrophic and have cell walls 
made of chitin. 

Gametic isolation When sperm and 
ova are incompatible, and will not 
allowfertilisationtotakeplace 

Gene Section of DNA that c,xles for a 
particularcharacteristicinaspecies. 

Gene pool All the different genes in a 
p:>pulation 

Genetically modified species Species 
into which new genes have been 
introduced from other organisms 

Global dimming A reduction in 
globaltemperaturesasaresultof 
p:>llution. 

Goods Products produced by 
ecosysterru - for example, food, 
fibre, fuel (peat, wood and non­
woody biomass) and water from 
aquifers,riversandlakes 

Green politics An ideology that 
places central importance on 
ecological and environmental goals, 
and on sustainable development. 

Green Revolution The application 
of science and technology to 
agriculture - for example, high­
yielding varieties, breeding 
programmes,widespreaduseof 
chemical fertilisers and pesticides, 
irrigation 

GridquadratAsquareframedivided 
into JOO small squares. 

Groundwater Water that is found 
beneath the Earth's surface in 
aquifers 

Herbivore An organism that only eats 
plants. 

Herbivory The process of an organism 
feeding on a plant 

Heterotroph Organisms that obtain 
the energy, minerals and nutrients 
they need by eating other organisms 

Holistic Studying a system as a 
whole, with patterns and processes 
described for the whole system 

Humification, degradation and 
mineralisation The process 
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whereby organic matter is 
broken down and the nutrients 
areretumedtothesoil.The 
breakdown releases organic acids, 
chelating agents, which break down 
clay to silica and soluble iron and 
aluminium. 

Humus Partially decomp:>sed organic 
matterderivedfromthedecayof 
dead plants and animals in soils 

Hydrological cycle The cycle of 
water between the atmosphere, 
lithosphere and biosphere 

Illuviation The redeposition of 
material in the lower horizons. 

IndicatorspeciesAspecieswhose 
presence, absence or abundance 
can be U'ied as an indication of 
pollution. 

Inertia The resistance of an ecosystem 
to being altered 

Informal sector (economy) Part of 
the economy that is unregulated, 
untaxed and not subject to working 
conditions - it is sometimes 
referredtoasthe'blackmarket' 

In situ conservation The 
conservation of species in their 
natural habitat 

lntergovenunental organisations 
(IGOs) Organisations that are 
established through international 
agreements.They bring 
governments together to work to 
protect the Earth's natural resources 
- for example, UNEP. 

International Union for 
Conservation of Nature (IUCN) 
The world's oldest and largest 
global environmental organisation 
Its aim is to show how bicxliversity 
is fundamental to addressing 
climate change, sustainable 
development and food security 

Interrupted transect When samples 
aretakenatpointsofequal 
distance along a transect 

lnterspecific competition 
Competition between members of 
differmrspecies 

lntraspecific competition 
Competition between members of 
the same species 

Invasive species lnmxluction of non· 
native species. 
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Island biogeography theory Predicts 
that smaller islands of habitat will 
contain fewer species than larger 
islands. 

Johannesburg World Summit 
on Sustainable De\·elopment 
International meeting 10 years after 
the Rio Eanh Summit. It mainly 
addresseds,xialissueswithtargets 
set to reduce poverty and increa<;e 
access to safe drinking water and 
sanitation. 

J-population curve Population growth 
curve that shows exponential 
growth. Growth is initially slow, 
then increasingly rapid, and does 
not slow down. 

Kyoto Protocol An agreement 
built on the Earth Summit's 
Climate Change Convention. It 
was developed at a UN meeting 
inKyoto,andagreedtoreduce 
greenhouse gas emissions from 1990 
levels. 

Leaching The removal of soluble 
material in solution 

Lessivage The removal in suspension 
offmepaniclesofclay. 

Limiting factor Restricts the growth 
of a population or prevents it from 
increas;ing fun her 

Line transect When a tape meas;ure 
is laid out in the direction of 3Tl 

environmental gradient - all 
organisms touching the tape are 
recorded 

Lithosphere The upper mantle of the 
Earth, which is divided into many 
plates that move over the magma 

Logarithmic scale Axis on a graph 
where the increase is not linear but 
1, 10, 100,etc. 

Magma The molten pan of the Earth's 
mantle. 

Marine Relating to the sea/saltwater. 

Mass extinction An event in which 
at least 75% of the species on Eanh 
disappear within a geologically 
short time periOO, usually between 
a few hundred thousand to a few 
million years 

Mechanical isolation When physical 
differences in, for example, 
reproductive organs prevent mating 
or pollination 

Monoculture A crop of only one 
species. 

Mutualism An interaction in which 
OOthspeciesderivebenefit. 

Nitrifyingbacteria Bacteria that 
convert ammonium ions into 
nitrite and then nitrate. 

Nitrogen-fixing bacteria Bacteria 
that convert nitrogen from the 
atmosphere into ammonium ions. 

Non-governmental organisations 
(NGOs) Organisations that are not 
run by, funded by, or influenced by 
governments of any country - for 
example Greenpeace, the World 
Wide Fund for Nature (WWF) 

Non-technic3l summary Repon 
designedforthegeneralpublic 
at the end of an envirorunental 
impact assessment 

Omnivore An organism that eats 00th 
plants and animals. 

Overhunting Hunting at 
unsustainable levels 

Parasitism A relationship in which 
one organism - the parasite -
benefitsattheexpenseofanother 
- the host - from which it derives 
its food 

Parent material The rock and mineral 
regolith from which soil develops. 

Percentage cover The proportion 
of a quadrat covered by a species, 
measuredasapercentage.ltis 
workedoutforeachspeciespresent. 

Percentage frequency The percentage 
of quadrats in an area in which at 
least one individualofaspeciesis 
found 

Persistent organic pollutants (POPs) 
Chemical substances that persist in 
the environment, bioaccumulate 
through the focd web, and 
p:>seariskofcausingadverse 
effects to human health and the 
environment 

Pesticides Chemicals that kill insect 
pem 

Photoautotrophs Organisms that 
convert sunlight energy into 
chemicalenergy(e.g.allplants) 

Photosynthesis The transfommtion 
of light energy into the chemical 
energy of organic matter. 

Pioneer species Species in the first 
stage of an ecological succession. 
Theyarehardyspeciesableto 
withstand difficult conditions. 

Plagioclimax Where disturbance stops 
theprocessofsuccessionsothata 
climax community is not reached 

Point quadrat A frame with lOholes, 
insened into the ground by a leg, 
and used for sampling vegetation 
that grows in layers 

Population crash A sudden decrease 
in a population. 

Population density The number of 
individuals of each species per unit 
area. It is calculated by dividing the 
number of organisms by the total 
areaofthequadrats. 

Population momentum An increase 
in the size of a population despite 
a fall inthebirthrate.Thisis 
because of a largeprop:>nion 
of the population entering the 
reproductive years 

Predation When one animal (or 
sometimes a plant) eats another 
animal 

Primary consumer The first 
trophic level in a focd chain, i.e. 
herbivores 

Primary succession The formation 
of an ecosystem from, for example, 
bare rock. 

Producer An organism that makes 
its own focd ( i.e. glucose) - for 
example, plants and some bacteria. 

Production:respiration (P:R) ratio A 
measure of prOOuctivity relative to 
respiration 

Pro-natalist population policy A policy 
that is in favour of more binhs. 

Protected areas Conservation areas 
thataimtopreservethe greatest 
amount of natural habitat within 
aneco,ystem. 

Pyramid of biomass Diagram showing 
the biological mass at each trophic 
level in a focd chain 

Pyramid of numbers Diagram 
showing the number of organisms 
(producers and consumers) 
coexisting in an ecosystem 

Pyramid of productivity Diagram 
showing the flow of energy 



through trophic levels and always 
showing a decreas;e in energy 
along the fcxxl chain. It is the only 
pyramidthatisalwayspyramid 
shaped 

Quadrat Used for estimating the 
abundance of plants and non· 
mobile animals. 

Quantitative Measured by quantity, 
i.e. information that can be 
counted or expressed numerically. 

Random sampling Used if the same 
habitat is found throughout the 

Red List Produced by the IUCN, 
an assessment of the conservation 
statusofspeciesonaglobalscale. 

Reductionist dividing a system into 
parts, or components, which can 
each be studied separately 

Regolith The irregular cover of loose 
rock debris that covers the Earth. 

Regulatory services Ecosystem 
serviceseo.sentialfor,forexample, 
pollination, regulation of pests and 
diseases,climateregulation,floo.:l 
regulation, water quality regulation, 
erosion control 

Reintroduction programmes Where 
animals raised or rehabilitated in, 
forexample,zoosoraquariulll.l 
are released into their natural 
habitats. 

Resilience The ability of an ecosystem 
to recover after disturbance. 

Respiration The breakdown of glucose 
using oxygen, releasing carb:m 
dioxide,waterandenergy. 

Rio Earth Summit The United 
Nations Conference on 
Environment and Development 
(UNCED), held in Rio de Janeiro 
in June 1992 

Secondary consumer The third 
trophiclevelinafcxxlchain. 
Secondaty consumers are either 
omni\·ores or carnivores. 

Secondary succession Succession in 
an area that already has soil 

Self-reliant soft ecology An 
anthropogenic viewpoint that 
believes that communities 
shouldplayanactiverolein 
environmental issues. 

Simpson's index A measurement of 
species diversity. 

Sixth mass extinction A mass 
extinction caused by human 
activities (i.e.bioticcauses). 

Social system The people in a society 
consideredasasystemorganised 
byacharacteristicpatternof 
relationships 

Soil A mixture of mineral particles 
and organic material that covers 
the land, and in which terrestrial 
plants grow. 

Soil degradation The decline in 
quantityandqualityofsoil. 

Soil fertilityTheability ofasoilto 
provide the nutrients needed for 
plant growth 

Soil horizons Layers within a soil that 
varyintermsoftexture,structure, 
colour, pH and mineral content. 

Soil profile A vertical section through 
a soil, from the surface down to the 
parent material, revealing the soil 
layersorhorirons. 

Soil structure Relating to the shape 
of soil particles 

Soil texture Relating to the size of soil 
particles. 

Species-based approach to 
conservation An approach that 
focusesonvulnerablespeciesand 
in raising their profile 

S-population cun·e Population 
growth curve that shows an initial 
rapid growth (exponential growth) 
and then slows down as the 
carrying capacity is reached. 

Stockholm Declaration Statement 
produced by the UN Conference 
on the Human Environment 
(Stockholm, 1972), which 
playedanessentialrolein 
setting targets and promoting 
action concerning sustainable 
development at both local and 
international levels. 

Storages The stocks or reservoirs of 
energy and matter in a system 

Stratified random sampling Used 
in two areas different in habitat 
quality. 

Support services Ecosystem services 
essentials for life, including primaty 
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productivity, soil formation and the 
qclingofnutrients 

Survivorship curves Grapill that 
plot the number of offspring 
surviving in a population over 
time 

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

Technocentrism A technology· 
centred environmental 
philosophy. 

Temporal isolation When two 
species, whose ranges overlap, are 
active at different times 

Terrestrial Relating to the land 

Tertiary consumer The fourth 
trophic level in a foo.:l chain. 

Theory of evolution by natural 
selection Charles Datwin's 
explanation of how the Earth's 
biodiversity has arisen 

Transect Used to measure changes 
along an environmental gradient, 
ensuringallpartsofthegradient 
are measured 

Transfer A process involving a 
change in location within the 
system but no change in state -
for example, water flowing from 
groundwater into a river. 

Transformation Leads to the 
formation of new products -
for example, photosynthesis 
that con1·em sunlight energy, 
carb:m dioxide and water into 
glucose and oxygen - or involves 
a change in state, such as; water 
evaporating from a leaf into the 
atmosphere. 

UN Com·ention on Biological 
Diversity (UNCBD) International 
legally binding agreement 
developed at the Rio Earth 
Summit. It has three main goals: 
conservation of biodiversity, the 
sustainable use of its components, 
and fair and equitable sharing 
ofbenefi tsarisingfrom genetic 

UN Framework Convention on 
Climate Change (UNFCCC) 
International, legally binding 
agreement developed at the Rio 
Earth Summit. Its objective 
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istostabilisegreenhousegas 
concentrations in the atmo,phere 

at a level that prevents dangerous 
anthl"O{X)genicimerferencewith 
the climate system 

VirtualwaterWaterthatisusedto 

produce crops or flowers, and then 

the product is exported (often from World Conservation Strategy (WCS) 

LEOCs to MEOCs). International agreement that 

Wet deposition SOi and NOz prioritised the maintenance of 

&,solved in precipitation, leading to essential life suppon systems, the 

an increase in acidification of preservation of genetic diversity, 

precipitation and sometimes falling and the need to use species and 

at great distances from the source. ecosystems in a sustainable way. 
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