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Welcome to Hodder Education's 
MYP by Concept Series! Each chapter 
is designed to lead you through an 
inquiry into the concepts of biology, 
and how they interact in real-life 
g [oba l contexts. 

ATL 

The Statement of lnquity prov~des 

1he framework for th~s ~nquiry, 

and the Inquiry questions then 

1,ead us through the exploration as 
they are develop,ed through ,each 

chapter. 

' . 

Each chapter is framed w~th ,a Key c,oncept, 
Related concept and set in a Global context. 

• 

w Flgnn 1_ ; , Ccllr. 11:e tn:: b?&ic b.Jidng blms oC liwg 
ting s ~ ll' ,:nls Mve l:m:ri a:i P u:a:::I n t, i5 im ~ c:: i,J rri.ti.1b 
U'l.!ffl m ce clo'Xly ~littl:l 

IN THIS CMAP'JER- V\i'E Wl LL ••• 
• Rriouut: . 

h:Jw ri ~ id en Iffy ~ ,a o ig,u; mi ii. dok!:t'tittotl b>J ihl!: pouts ii u. 
fii ~ !.f1 f;Ct'II; 

• .... +m. ~ .... ~ s.Q.'M1'"""9 ls. Jli,,Q< (I' nffl. 
• ,.eot\11 l'ioW !Nirg tii'9, -~ ~ci:i lfl'YI go~ ....ilh s1ml.v 

ldffl'i,Jc 
• ..... 11e'llol'1 tfJ fird~ c;J1 ·~'tiCf h ' ~~ ti i:z-e;u ~fdM.14C ........... ______ _ 

fflt:l l')iSI I( 

h~ 
mtticeibw 
oig,i~on ~­Ill~-

A~tiviti ~s are d~/;i g n~d. to· d ~yel QP yo.u r. App~oache$·Jo 
Learntn·~ (ATL)·sk1lls·; 

As you ,explore, activrties sugg1est ways to learn through 

action. 

Key words ~re included to give you access vocabulary 
for the top1.c. Glossary terms are highlighted and, 
~here applicable, sea rr ~rn are given to encourage 
independent learning and research skills. 

• 
Key Approach~s to Learning skills for MYP Sciences 
are highlighted whenever we encounter them . 

lvi., ~c~ of t~e ctc:tvitiss: wt ?roviae ,lil~~ts ta kel1 t,Of..t wor~ o"" trie 
ASS"'g,~tl<\.t. n,,~ Also 1,vi,trodw.ces ~ow. to the~ HiM {tc.ftw.J1 Ui\. 
t~t 0V1.<-sc.reeri.. "ssessVKitM. 

0 
Definitions are lnduded for important terms and 
information box,es are, indudedl to give background 
~nform,ation, more deta~I and explanat1on. 

EXTENSION 
Extension activities allow you to explore a topic 
further. 



WHAT DOES ri MEAN . 0 BE 
A!NE .. 7 
~ da: m<lfffl. m,-\ iJ'I d ci:'I t crn .KP!~~ 
I~ ,:ri e.st'I ,. ~ wc;Jd L, ba,~O "1 Id ~a: • igun. ,.z ituo 1$1 C'I!< "' .m: L~ .\1111: t:t r,0!7 
:,;rot,ti,g · 11..tr,a f:tl 1'(;111 

ACTMTV~ Alive o r not7 
mat aitftg.l!e i..l. lt~ - ~ ~ iol aiesshaw 
m:r1e1:llng Ua'I. lsllvicig llrld ~ sha...,..s:amll!:'IH.rg 
i1"'1b rdl~- 'Ml~,t;:,~ristks deflllll!:l!lltldiB" 
s.~g Is ",lJ/ld or noil ft.bb • dtik.lfs,t tta.t~v:f'J 

Cl!I iJlcl Ip I!! tJ r:FS frienrf:J a!ie'I s.a they- w..td use 1t m 
u,'11,b ,...tl!C'T'IHHJ~.m'g Iii; &.ug-nal. 

II 

You are prompted to con~der your conceptual 
understand;ng iin ,a variety of acdvlnes throughout eaich 
chapter. 

Take action 

! Guidance is given throughout the book about how 
to apply your knowledge of the scientific process to 
real-life situations. While the book provides many 
opportunities to apply the knowledge you have 
learnt in practical ways, you must be an active part 
in this process. Activities help you explain the ways 
in which biology can be applied and used, and also 
to discuss and evaluate the im pi ications of using 
biological principles to address specific issues. This 
shou Id give you a better understanding of the issues 
facing biologists in the twenty-first century. By 
engaging in these activities, you wil I also learn the 
value of consistently applying scientific language to 
communicate understanding clearly and precisely. 

Finally, at the end of the chapter you are asked to reflect 
back. on what you have learnt with our Reflection table, 
maybe to th~nk of ne,w questions brought to light by your 

leamingi. 

.... ~ ~?:- ... LI.!•""':~ - L,' .. _-.: ~ ---· =- ~.,. ffi~fjtl~~ n ,-~ n ~: r~1~Y i:. --= ii11 h ;t~'ir1!! ~~!.IM,t J •1 H Iii .;.r. •111 11111 t ~ 11 1111."1:'il 
= \,.;'! I,~ .. v..... --- ~f ~-~- ,_.,=~ij .r_, 

"'t; .• n •-· ......-.1:J lr~ - """ ~n ·- '!.!I - ..JI; ___ ::, ?l! ~ J 

Quest~or, s we Answers we found Any further· 
a5ked quest1ions now7 

Factual 

Conceptual 

Debatabll,e· 

Approaches to Descript,,on -wha1 How we~I did you 
tearning, you used new skiil'1s d,d you master the ski:I f s? 
in this chap1er: ~,earn? r... 

OJ 

i.- a 
(l.,i QJ ·,e; t: u C ·;:: ·s: i.... V QJ 

0 ~ ru ! z d: 

learner profile R'eflect on the importance of the attribute 
attf'i1bute(s) tor our learning in this chapter. 

We have, 1incorporated Vi~b1e Thinking - ide,as, framework, 
p rotoco~ and th1i nkin9 routines - from Project Zeiro at the 
Ha1rvard Graduate Sahooi of Educaition into many of our 
activhies. 

~ Links to: 



CONSIDER AND ANSWER 
THESE QUESTIONS: 

• Fi,gure 151 CreUs are the basic bu~ lld~ng blocks of lliving 
things (the c,eUs have been c:o~oured in th~s ,mage, to make 
them more dearily vjsib~e) 

IN THIS CHAPTER, WE WI LL ... ---------=-

Find out: 
how the 1identify of an organism is determined by the parts it ~s 
made up from1; 

• what dete,rm~nes whether someth~ng ls alilve or not. 

• Explore how liwng things a.re classified into g1roups w~th s~milar 
i de ntirti es. 

• Take action by finding out whether it is possible to create artifkiial hfe,. 

These Approaches t,o 
Learning (ATL) skills 
w!U be useful ... 

. . . -

·• c;:r(t.is~l.-th in ~-i n_g _sKiUs.: 

·• .~re:ativ.~~thi nking ·ski I Is 

. • Ofgt:)·ni_zat ic>"n skills 

embryonic 

hierarchy 

multicellular 

organization 

physical 

unicellular 
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WHAT DOES IT MEAN 'TO BE 
ALIVE'? 
Supp,ose, for a mom,ent, that an alien from, another planet 

I.anded on !Earth - how would it be able to tell whether 

something is l1iwng or not? 

ACTIVITY: Alive or not7 
Look at Figure 1.2. It will be clear which ones show 

something that is living and which show something 

that is non-living. What chara,cteristics define whether 
something is 'alive' or not? Make a check list that you 

could give to our friendly alien so they could use it to 
establish whether something is living or not. 

• Figure 1.3 Fiooded l~mestone cave where stalactites, 
made fr,om caldum carbonate, have f,ormed in the ro,of 
and stalagmites o,n the floor beneath 

• Figure 1 .. 2 Thre,e objects -are they alive or not? 

Now you have reminded yourself of the characteristics of 
living things, how cou Id you use these to explain to an 

extra-terrestrial that stalactites and stalagmites growing in 
a cave are not living, yet corals are? 

• Figure 1.4 Cora~s are formed by animals caUed polyps 
that secr,ete a protective skeleton of caldum carbonate 
around them1se Ives 



D 
!Robert Hooke was a pioneer of cen biologry. He was f asdnated by 
m ic:roscopy, and dev1el,oped a m1~croscope to observe the structure of cork. 
He drew ,and descr~bed cork ,cellls,, and measured their si:ze. He was the first 
person to use the te,rm 'cells' to describe the baste buHd~ng b~oc:ks of lf~fe. 

In 1665 he published a book of aH h~s drawings made using htis microscopes: rr 
became the ffrst sdent~fic best-seller, and insp1ired a ~de pub~ic inter.est in the 
new sdence of m1icro5~opy. Hooke wa1s al-so famous for di·scovering the law of 
e!larSbcirty, whklh descr1ibes the liineair vadabon of t,ension wi~h exte,nsion in an 
e~ast~c spn ng: the ~aw st1 II be,.ars 1h ~, name. 

In this chapter, we wrn compare our physical (bio~ogical) ~dentity with that 

of other organisms to understand what it means t,o be, human. In order to 
begiin this process, we must understand how organisms are structured, from 
th,e simplest to the m,ost complex l,ev,eL Although they vary in form and 

function/ ce 11 s ar,e the basic bu U d~ ng blocks of II ife. The idea that ce1 Is are the 
unit of structure and function from whidh or1g1anisms are made is kno,wn as 
'the ceU theory1

• Cell theory states that: 
• oeHs are the bu~ldiing blocks of structure ~n living things 

• ceUs are, the smallest un~t of life 

• ceUs are made fro1m other c,eHs by div;sion. 

Key sdent~sts in the development of ,ce,U theory were Robert Hooke (born 

1635), Antonie v,an Leeuwenhoek (born 1632) and Louis Pasteur (bo,m 1822}. 
• f igute 1.5 A samp~e of co,rk wood 

drawn by Robert Hooke· 

I was born ~n De~ft i1n the Netherlands. Although 
I had no form,al trainjng1 in sdenc,e,, I deve~oped 
a hobby of maki1ng l,enses, which I mounted i1n 
metal plcrtes to fofim s1mpte 1microscope,s. I was 
able to magnijfy my spedmens up t,o x240 -
quite a feat a1t 1he t4 me! 

I waiS able to observe bloo-d ce·Hs~ sperm and 
s~nglieacelied org1anismrS in pond wa1er. I wrote 
to Robert Hooke· wirth my findings but he di:d 
not believe me- unti~ he had deve!oped a 
m;croscope as power~ui, as 1m1ine. 

A~lhough I say so rniy;eH. I was a tminiant mh:robiologi~ 
whio changed die w,ay that s,dent~sts v~ew Jife. People used 
to be!l~ev,e that HJe ,coulld spontaneously g;enerate itsett: "that 
1mag,gots on dead Uesh, for ,e,x.;1in1pte., and bacter~a a rnd other 

girowths on food matter could appear from nowhere. 

I ,estabHshedl that l~fe does not spontaneousty 9enerate. and 
that 'the lbaderta that 1appeat Jn lbr,oth are 1mi,orolbes fre~y 
drc1ulati1ng in the a1ir, whkh conta1mina1e ,exposed matter. 

• Figure 1.6 Antonie van 
Leeuwenhoek 

• Figure 1.7 Louis Pasteur 

Biology for the I B MYP 4& 5: by Concept 



ACTIVITY: Are viruses alive? 

In this activity you will apply your knowledge of living 
things to answer the problem: a re viruses alive or not? 

Viruses a re minute particles that can infect animal and 
plants cells. One group, the bac.teriophages, attack 
bacteria cells. Viruses are a variety of different shapes 
and sizes. 

The word comes from the Latin virus, meaning 'to 

poison'. Typically, viruses carry a small amount of nucleic 

acid (either DNA or RNA} surrounded by a protective 

coat of protein. Some viruses use the cell membrane of 
the host eell they infect to form their own membrane. 

Use the Internet to research viruses. Do viruses carry 
out life processes? How do they live? Can they exist on 

their own? 

1 
2 

• Fig1ure 1.8 Past,eur's experiment, iin whkh broth was 
sterUized (1):, and then ,either exposed to air (3), or protected 
from air .. borne, spores in a swan.-.necked f lask (2). Only the 
broth in (3) became contaminated with ba,cteria 

EXTENSION 
• Research one virus, for exam pie virology, 

polio, Ebola, influenza, and produce a fact 
sheet a bout it. Does it ea use a disease? If it 
does ea use i II ness, what are the causes of the 
symptoms? 

• Write an essay comparing computer viruses 

with natural viruses. 
• Read about how viruses may have affected 

evolution by researching virolution . 

Use the information you have found to write about 

whether you think viruses can be described as 'alive' or 
not. Summarize your views in one paragraph. To do this 
you can apply the following thought process: 
• Describe the characteriistics that determine whether 

something is af'ive or not. 
• lnt 1erpret the information that you have found about 

viruses to make scient1ificalJy supported judgements 
a bout whether you th,ink viruses are a live or not 

Note: there is no ~right' answer! Now share your ideas 
with your neighbour, and then feedback your thoughts 
to the whole class. 

• Explain the life cycle of a specific viirus and how it 
uses its host cel'I to fu lfiil 11 if e functions. 

• Analyse and evaluate information to m.ake 
scientifically supported judgements~ 

+ Assessment opportunities 

WHAT DETERMINES WHETHER 
SOMETHING IS ALIVE OR NOT? 
U~ing thingis are ieharactedsed by several properties. These 
fu nct!ons of II ife are: 
• nutrition (obtain nutr~ents by feeding or malk1ng1 food) 

• respiration (break down 1glucose to refease energy) 

• growth '(aahiieve a p,ermanent change in size) 
• respond to changes ,n the envfronm1ent (sensitivity) 

wh~oh enab~,es the surV1val of the organism 
excretion (get rid of waste products, produced by 
iehemkal reaietions ~n ceUs} 
homeostasis (ma~ntain a constant internal envkoniment) 

• reproduction (produce ,offspdng) 

• movement (relocate from one place to another). 

Somethi1ng can be identified as llivjng or not by asking 
w h ethe,r it can carry out a Ill these llife processes. 

DISCUSS 
• Discuss with a partner bow you would descfiibe 

to an allien visiting th.is planet for tine first time 

whether something was ali1ve or not. 
• Do you and your partner agree whether viruses are 

alive or not? What evidence do you have to sup'port 
your argument? 



ACTIVITY: DIY cell 

ATL 

• .cr.eative~thinking. skills:, us.~ visual diag'tam~ .to­
::.g~_ner~~-? ·~.e:w _i.q_e·as; 'Make. une~p,e.ct~~ _·,con~~ctions 
between,ideasr _Ap'ply ·existing knowledge tb 

-:,9_~nerat.~ rif#W id~as·: .. 

Design a structure that does the following things: 

• is the basic bu·ilding block for all living thi'ngs 
• is the site of metabolic reactions, such as tespiration 
• contains the genetic information of the organism 
• may have to be u.sed to help physicallly support the 

. 
organism. 

You will have worked out from this list that your task is 

to design a cell! You will apply your scientific knowledge 
to solve the problem of the best design for a cell. The 

design you come up with may be similar to or the same 

as how actual cells are structured, or be very different. 
You will exp1lain how your cell works, and link the design 
with its function . 

You need to draw a diagram of your design, and add 

labels to show how it works. Be inventive! Things to 

think about ... 

Type of organism 

How large is your organism? Does it have a bac.kbone? 
How will this affect the design of your cell? 

Entry and exit 

How do substances enter 
and exit the cell? How does 

the cell control this? 

Thu,\,~ ~boLitt ,liiow t,our 
oyS~~m wi.LL ~t sw.rpottt~. 

HOW ARE CELLS STRUCTURED? 
As we hav,e discussed in the, 1int roduction to this chapter{ alll 
~iv1ing things are made of Ge~lls. Non-livin9 bio~og1ical matter, 
name,ly vfruses,, ,are partides and require other cellls for their 
Slirv1vat But how ,are cells structured, and what functions do 
they carry out? 

Where is the genetic bJueprint for the organism 
kept? 

How might this be kept in one place and protected? 
How and where is this information read and used to 
make the structural molecules of life (proteins)? 

What chemica1 reactions will be needed for the cell 
and where wilJ they take place? 
Would all the chemicals for 

different metabolic reactions be 

mixed up together or separated? 

ThL-S ~~ depfli\,d af 
t~e SIU of the cell. 

D iff ere nt types of ce II may have to have d if f ere nt 
metabol ic reactions (e.g. can your cell make its own 
food/sugar?) 

Is the cell on its own or part of a b igger or1ganism? 

If it is on its own, how does it move? 

If it is part of a bigger organism; how does it get f-ood, 
water and oxygen7 

Be as creative as you can. The cell you design may or 
may not look like cells you are familiar w ith, but must 
follow the rules outlined above. Do not forget to explain 

the relationship between the design of the cell and its 

function. 

+ Assessment opportunities 

Biology for the I B M YP 4& 5: by Concept 



ACTIVITY: Looking at cells 

ATL 
.. - . . . -. . . ' ··- . . .. , .. --.. .-. -· . . 

• .Orgaljiiation_ skills::· Use,technol~gy effective~y,and. 
:prod.~.ctiv.ely . . . . ' . . .. · . 

• . ·trh_ic~l~thfrikirJg ~kH Is: Qr~w ·.r~~~qn~_pl_e con,cl4s.Jg1Js . 
•I• . . ;• -.: ,,· ••• • I t "· "• ._,... . "· . I ..... •· ''' ". "o ,, ' 

and.:_~en·eralizati<ins··-

In this activity you will examine animal and plant cells 
under the microscope. You wi II draw and annotate 
diagrams of the cells you see. 

Materials you will need for this activity: 
• Microscope 
• SI ides and cover-slips 
• Methylene blue soluti·on (0.5°10 to 1'0/o) 
• Plastic ,pipette or dropper 
• Sterile, individually packed cotton swabs 
• Detergent 
• Pondweed (Elodea) 

Safety: Make sure you dispose of the cotton swab in 
a beaker of detergent to avoid germs being spread. 
Avoid contact with methylene blue as it is a stain. 

Cheek cells 
1 Talke a cl'ean cotton swab and gently scrape the in1side 

of your mouth. 
2 Smeair t'he cotton swab o·n the centre of the 

microscope slide. Put the cotto·n wool bud into 
detergrent as soon as you have finished with it. 

3 Add a drop of methy1lene blue solution and place 
a cover-srip on top. Do not add too much so·luUon! 
Tlhe methylene blue stairns the nucleus blue. 

4 Remove any excess solution by a11owing a paper 
tow·el to touch one side of the -cover .. slip. 

5 Place the slide on the microscope, with 4x (low) or 
1 Ox (medium power) objective lens i1n position" and 
find a ceU. Then view at higher magnification. 

6 Draw the cell. What structures can you see? 

Pondweed (Elodea) 
1 Pick an ent1i1re healthy looking Elodea leaf, using your 

fingers or cutting the leaf off with small scissors. 
2 Place the leaf on the m.kroscope s:lidEL 
3 Add a drop of water and a cove,r-sl 1ip. 
4 If you do not have access to Elo,dea, took at the p:lant 

on the following website: www.exploratorium.edu/ 
imaging-station/students/elodea.htm l#elodea or use 
the following search terms: E/od a, c II , n1icroscop . 

5 Draw and label Elodea cells~ 
6 Look carefully at the chloroplasts (the green 

structures in plants that carry out photos·ynthesis). 
Can you see them moving'? How do you think they 
·move, and why7 

Cheek cell (x400) 

• Fi1gure 1~9 Cheek c,el!IS> .seen under a myicroscope at 
x400 magnifi catior1. Parts of the c,eU that are viisible 
are· labelled 

• Fi:gure 1.101 Elodea cells at x400 maginifjcation., seen 
under a ~i g ht microscope 

In this activity we have observed and 

interpreted microscopic information by using 

staining techniques and the correct use of the 

objective (magnification) lenses. 

+ Assessment opportunities 



ORGANELLES AND CELL 
FUNCTION 
The structures found ·wirthiin ce~ls are caUed organelles. 
Whkh organelles iCouid you see in the an~mal and plant ceHs? 
Did they have the sam~ organelles, or were then~ di1fferences,? 

Table 1.1 shows the range of organeUes found in c:eUs .. and 
the function of each. 

D1ifferent ceUs have different functions. In your body you 

have more than 2 SO different type,s of cells, eadh wi"th a 

• Table 1.1 The fun,ction of anjma1I and plant organelles 

EXTENSION 
There a re organelles other than the ones we wil I 
discuss in this section. Explore these using this 
website: http:111 earn.genetics .utah .edu/content/cells/ 
ins:ideacelll or search : inside cell. 

How did cells evolve? Where did they come from? 

Explore cell evolution using this website: http:/1 
lea m.genetics .uta h .edulcontent/cel ls/organelles/ or 
search: c II evolution . 

specific rol,e. Depending on their job, c,eHs have orgaineUes 
that enable the1m to carry ,out the~r role - for exam pie mus.de 

ce,Us have many mitochondria to provide the energy for 

them to oontract. Can you think ,of any other ceH that has 
a specialized function, and whi,ch or,ganellles irt needs iin 
abundance if it ~s to carry out its rol,e effectiveiy7' 

• • • 
::; . . 

Nude us Contains ,gienetk materia~ (DNA organ~zed jnto dhromosomes for inherd1ance} Plants and ain imails. 

Cytoplasm 

Cell membrane 

Cell wall 

C hloroplas1 

Vacuole 

Mitochon drj,on 
(plural - mjtochonditia) 

Jellly-ll~ke, mater~al 

S~te of many dhem~cal r,eactions controlJl,ed by enzymes 

Contains organelles such as m~tochondria and chioropiasts 

Parba,ly permeabl·e membrane 

Forms cell boundary 

Controls pas:saige of substainces ~n and out of ceH 

Se·m i1-ri g id 

Made of cellulose 

Supports celll 

Pr,events turgjd (swoUe,n) cells from bursting 

PJants and ainima~s 

P~ ants and an ~ma~s, 

Plants 

Or,gaineUe found in cytoplasm Plants 

Contains chlorophyll (green pig1ment wh ich 1raps h,ght energy to dr~ve 
photosynthesis) 

Larg'e· iiluid .. f illled sa,c that swe~ls~ pushi1ng the cytoplasm aga~nst the ceH wal!I, makingi P,lants 
1he cells turgid 

SmaU organelle, f,ound in cytoptasm 

S~te of r,espfration 
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HOW DOES CELL STRUCTURE 
RELATE TO FUNCTION? 
Organisms. made from many cells, known as multicellular 
org.anlsms, begin Ufe as a single ,ceH, wh~ch grows and 
diV1des, forming very many ceHs, and these ,eventuaUy forim1 

the adu~t orgranism (Fig1ure 1.11). So, cells a1rise by d~vision of 
,existing ,eel II s. 

Our pe,rsonal identity is founded on the, r,el,ationship 
betw,een the different ceUs, tissues and organs in our 

body, which work together to make us funct~on as a 
who,l,e orgian ~sm1. 

The f~rst step in developing a new ,organism is the continual 

divis,on of cells to produce a blas.tocyst and then an 

embryo (see Figure 1.12). AH thes,e ceUs are capable of 

further div~sions, and they are known as embryonic stem 

cells. A stem ceU can repeatedly d~wde into more stem cellsr 
which are unspedalized (i.e. have yet to become sp,ecific 
types 1of ceH), and later can differentiate into mature cell 
typ,es, such as muscle, blood and nerve cells. At the next 
stage of embryo developm1enrt most ceHs develop into the 
t rissues and organs that make up the organjsm. However, 

a very few ceUs with in these tissues do reta tn many of the 

propert ies of ermibryonic ste·m cells, and these are ,called 
adult stem ceUs (F1igiure 1.12). Ethical issues reg1ard~ng the, use 

of stem ceHs in research are ,explored on pages 291-293 and 
p.age 297. 

Young celll C~II division Cell growth 

· So me ceJls continue to grow and divide ...... ~ 
repeatedly, 1ratner t'ha1n spedal'ize 

.) 

Stem cel'I 

Inner 
cell 

Embr:,o 

- Stemcel!s 
derived from t'he 
tnner ceH 1mass 

Bones Neurons 

Mucles Blood cells Uver 

• Figure 1 .. 12 A range of djffer,ent spedaliz,ed cellls 
dev,elo,p from undiff,erent,ated ste·m c,ej~s. These cel ls 
form the, tissues and organs of the body 

C e II speci a I iz.atio n Matur'2 ·t:~111, unl:ikely or 
unabl'e to divide again 

E.g. red blood eel I: loses nucleus, and cytoplasm, 
fi lrls \ivith oxygen·carrying pigment {hemoglobin} 
and enzyme (c:arb o ni c an hydra se) 

-\ 

I 

' 1 II 
Ste m ce s Extens lo n note "" 

E.g. stem cells of bone marrow, whkh divide to form 
the ceUs that develop into red blood ceUs, \iihi1te blood 
cel'ls an.d platelets and more cells fonrn1 ng stem ceUs 

• Figure 1.11 The life history of a cell 

In heailthy organisms, ceUs even:tual1ly dre by programm@d cell death (PCD), a process 
controll'ed by s·pedfic genes. In PC D, all parts of a cel,I are packaged in membrane and 
engulfed by surroundi,ng, cell:s. PC D normally takes out a11 SU!perfl·uous, infected aind 
damaged( cells. l't ,ls a key part of tissue and organ development. 

[ 1 How is. Ufe ,organized? • 
._____ ---------------



I K~dney 

• Figure 10113 Special,zed cells in the human body 

There, are many difter,ent types ,of spedaihzed cell!. Look at 

the ceUs in Figure 1.13 - how are they adapted to the job 
they do? 

Musde 

Pancreas 

Egg 
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What are the patterns and functions of cells, 
tissues and organs? 

Tissues a re, groups of cells of SJi m1i lar type that work together 
to p,erform a particular fiunction in the body, sudh as 1musde 
and bone tisSJue. organs are giroups of tissues that work 
tog ethe,r to ea rry out ai spedfic fu ncdon, such as the sk,n, 
heart or lungs. ,organ systems are groups ,of organs that 
work collectively to perform a func'tion for the body, such as 

the dig1est~vel reproductive or drcu latory systems. 

Human body 
o rg,a n systems 

• Figure t.14 The human body organ systems 

[ 1 How is. Ufe ,organized? 

THINK- PAIR- SHARE 
What organ systems are shown in Figure 1.157 

• f jg ure 1 .. 15 Four different organ systems 

What specialized cells would each organ system 

contain? 

Could you build an organ by selecting the correct 
tissues? Use the following website to find out: 

www. cent re ofth e ce I I.or g / I ea rn-pl ay/g am es/ b u i Id~ an­

organ / 

Discuss in pairs, and then share your ideas with 
another group, or the class: 
• What are specia lized ceUs and how are they made? 
• What are the differences between ceUs, tissues, 

organs and organ systems? 
• To what exten1 does the hierarchy of 

organization in our bodies determine our 
identity? 



ACTIVITY: The hierarchy of life 
In this activity you will summarize information presented in one form in 
a new way. You will need to interpret the information provided to make 

judgements about how to arrange the information in the table. 

0 Atoms Q Q O N = nitrogen 

0 C H O;;; oxygen 
C :;;: ca1rbon 

~ H ,. hydrogen 

0 C!t=) Simple i no rgan ic molecules 

H O ~ O H O ~wateir 
:2 cb

2 
~ carbon dioxide 

Organelle 
A rnrtochondrion 

Cell 
c~Hs from the human 
h ea,rt a re shown 

Tissue 
Tissue from the numan 
heart is shown 

Organ 
Th~ human h~art 
as an example 

Complex organic molecules 
Part of a pirotein mohzcule is 
shown, A protein is made up 
of many amino acids. one of 
which is shown. 

Organ system 
The h1Jman circulatory 
system is sn own 

• Figure 1.16 The ~evels of organjzation 

Organism 
The human being 
as an example 

Biology for the I B MYP 4& 5: by Concept 



Using the chart below: 

1 In the first column match each illustration with its correct levet of 
organization using' items from the list belo,w (the first entry has been done 
for you as an example): 
Atom Cell Molecule Organ Organelle Organ system Tissue Organism 

2 hi the second co lumn match each label and ililustiratio n with the corte(t 
descript.ion using ilems from the foUowing l'ist (the first entry has been 
done for you as a,n, examplle).: 

Use the information in Figure 1.16 to complete the following table: 

Level of organisation 

Atom H Fundam,ental unit 
of matter 

+ Assessment opportunities 

[ 1 How is. Ufe ,organized? 

Carbon 

Glucose 

M~t,och ondrion 

fat ceU 

Musde 

He·art 

D~gestwe 
system 

Human 

A Group of t,issues that c:arr~es out a 
partku Jar fun ctiron 

B Membrane .. po~nd ceU structure 
thait carr~es out particualar functi,ons 

C ,Group of org·ans work1ing: together 

D lndhiiduat l1iv~ng thing 

E ·The b u ~lding b locks from whidh 
~iv~ ng things are ma de 

F Group of si,m~lar ceUs whh simi~ait 
funct~ans 

G Formed from at,oms chemkaUy 
bound together. Cefl structure,s are, 
made from mi~l ions of them 

H Fiundamentai unit of matter 



HOW ARE ORGANISMS 
GROUPED AND CLASSIFIED? 
W,e have seen how different orgia ne,Hes help eel Is perform 
1heir various funcdons. D~fferences ,exist between different 
types of ceil Is and different types of organism. These 
differences can be used to pllace organisms into different 
groups. The d~vis~,on of ljfe into different ,giroups is called 

classification . Th~s system of dassification aHows us, as 

humans, to see ourselves not separate from1 the rest of li1fe 

,on EarthI but very much as part of a comp!,ex tre,e of life 
(see Chapters 6 and 7),. Our personal identities are therefore 
linked not only to other humans, but also to the rest of 
biological life that inhabits thjs planet 

CeU structure can be used to d~vide ijfe jnto five main 

gr,oups, or kingdoms. Each kingidom can be subdivided 
i1nto smaiier and sma~ler groups, w1ith the smaUest divjsioir1 

being the species itself. 

• Figure 10117 Euglena in pond water 

ACTIVITY: Classifying Euglena 

ATL 

• Org_an ization s~ills: Us.~ t~chrjol99y::-·effectively 
an.~_prod_u~tively · · 

-. C r1ti_cal-th ih k.i n_g) kij 11 ~~--Ar\a I yse. co hi P. fex 
cqric~pts iln~ syntht?sii·e_· th~m to cr.eate· new 
un.de.rstand1ng . . . . 

1 Put a drop o·f pond water onto a slide. Look at 
1m1icro-or,gan 1isms (microscop 1ic nv;ing IJ n icen ula r 
orga,ni·sms) under a microscope. 

2 Find Euglena .. If it is 1m1ov,ing too fast. use a slide 
with a dimple in it (a dip in the middle) - this wiU 
.restrict its .movement to one part of the sl!ide . 

3 If you don't have access to pond water containing 
Euglena, access the following website: www. 
m icroscopyu .com/moviega llery/po n dscum/e ugle na/ 
,or use the search terms.: ond lif , microscop . 

4 What or,ganellles (structures in the cell) can you see? 
Do the features bel1ong to the a,nimal kingdo:m? 
To t 1he plant kingdom? How· would you c[assify th1is 
organism:? Use .scientrfic reasornin g to explain what 
you have observed. 

S Draw and label a diagram of Euglena1
, using your 

interpretati.on of the organism you have seen 
under the microscope, using sdenti,fic reasoning 
1regardi·n g the structures you have observed. 

+ Assessment opportunities 
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• Table 1.2 Plant ceUls vs animal ,ceUs 

Mu ttkeUui arr o rgan~sms 

They ,con1tai1n chforopllasts aind ar,e ablle to, ,carry out 
phoitosynthesi s 

llhey do, not conta~n ch~oropl,as.ts a1nd are not able to ,carry out 
ph otos.~nthes ~s, 

They have ceHulose ceH walls. They have no ceU wa~ Is 

They u srndf¥ have nervous coo rdi natrio:n and a re able to mo,ve 
from one p~ace to another 

They 'S.toire ,carbohydrates as, starch or sucrose l hey often store· carbohydrate, ,a·s, glycogen 

Exampl,es ~ndude flowering pllants 

Animal cell Plant cell 

'\ 

Four things t hey 
have in common~ 

Nudeus -
contro,ls celt1s act1vities 

. Cytopl'asm - ---....J...1_· 
site of metaboli c: 
reactions in ce H 

CeH membrane - ~..--~ A 

co nt ro Is movement of 
substances in and out 
of ce ll 

f'"---+--.~ M iitoc:h on dri a, -

Three eJ<tras that only 
plant eel Is have: 

Cell wa.lJ -
made of cellu lose and 
g rves SU ppo rt to cell! 

~--=--~ Vacuole -
:large flluid-fiMed sac that 
svvells, p,ushing t he 
cytop l1a.sm agai nst the ceH 
waM and ma·king the ceH 
turg id; contains cell sap 
(a weak solution of suga1r 
and salts) 

~ -r--- C hi:lomplasts -site of aerobi·c 
resp iration ------- contain chlo rophyl1I for 

photo syntnes is 

• Fi,gure 1 .. 18, Comparing animal a11d p~an1 ce,Hs 

Euglena is not dassified a5, an anima! or a ptant, as both thes,e kingdoms. contain 
multicellular organisms. Euglena is un~cellluiar and contains features of both 
animals and plants. Euglena belongs to the· kingdom Protoctista, which conta~ns 
aH unk,eUular, m1icroscopic organis1ms. So1me pr,otoctists have the characterrs-t~cs of 

anima,I cells wherea.s others are ~ilke pllant ceHs ~n that they contain a (jei~ w ,all and 

chloroplasts. 

• Are m1icroscopic 
• Most are· unicellular (seaweeds are multic~illular) 
• Some have features lilke animalls (e.g. Am,oeba) 

• S0m1e have features lilke plant5 (e.g. ChloreUa) 
• S0m1e have features of both animals and p1~ants (e.g. Eugfena) 

• Som,e cause d,sease (e.g. Plasmodium parasite that causes malaria). 

[ 1 How is. Ufe ,organized? 

Nude us 

Cell -----~ 
membrane 

Cytoplasm 

Pseudopod 

• Figure 1 ~ 19 An amoeba (an~mai­
~ike protoct~st). The contracti~e, 
vaieuole 1is. differ1ent from the 
permanent vacuole found in plants, 
and helps, the amoeba1 control 
w ater content. Food vacuoles are 
temporary structures that digest 
food. Ps.eudopods are foot-
Iii ke extensions that form as the 
amoeba moves 



• Figure 1 .. 20 Fungi (Mucor) growing ,on bread. The 
spherical objects are reproductive o,rgans (sporangia) 
which s,end spores into the air so, that the fungi can 
coJo,njze new areas in search of food. An interpretive 
diagram of Mucor iis shown in Figure 1.21 

--- Sporangium Fungal hyphae 

,....,_ __ Sporarigiophore 

Hyphae 
Stolon 

Celi! 
msmhrane 

Cytoplasm---

1pm 

• f 'igure 1~22 
D~ agram of a, 
yeast ce!IL Yeast 
is a, sing le-ce~ led 
fungus 

Diagratn of the cell structure at the tip of one hypha 

rMitochondr+on 
Nucleus 

Ribosome cem membrane 

• Fi;gure 1.21 ln1erpretive diagiram of Mucor, show~ng ceU striucture 

There· are two other kingdoms: fungi and prokary,otes 

(bacteria). 

Fungi 

Have no chloroplasts (cannot photosynthesize) 
Som,e are single-celled (e.9. yeast), some multk::ellulat 

(e.g. Mucor) 
Have a cell wall made of chitin 

• Store sugar as. gtycogen. 

Mu ltkei11 ular fungi such as Mucor have root-I ike structures 
called hyphae, grouped into mycelium, which they use 
for f,eeding. Hyphae s,ecrete enzymes that externally digiest 
food into soluble products which are then absorbed by ~he 
fungus (this, known as s-aprotrophic nutrjtion). Hyphae are 

noth,ng like roots as they have a completely different 
s.tructure, inclluding ai ,ceU w.ail made of chitin rather than 
,ceHulose. Fungi ceHs, are fused together to form long 

multinudeated (Le. containiing many nuclei) cellls: septa show 
wher,e the end ceU vvalls of the, origina~ cellls were found. 

Prokaryotes (b,acte,ria) 
• Have, no, true nudeus (DNA ~snot contained wjthin a 

membrane ... bound nudeus) 

• Are much smaUer than the cells of other k~ngdoms 

• Are unjeieUular, although ,can dump tog1ether in co~oni,es 

• Do not have ~nterna,1 organelles, (other than ribosomes, 

whjch manufacture prote~ns) 

• Have ,a ceU wa1U m,ade of murrejn. 
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scale bar 

.,, stru ctu, re s that occur 
in a 111 bacter~a 

------=-- FI agella - bring about 

PIii - enabl'e 
attachment to surfa·ces 
amd to other bacteria_ --... 

Cytoplasm*­
site of the chemic~~ ----Rr-f,fl'-­

react ions of fife 

movement of the 
bacterium 

Cell membrane *-
a barrier across which 
al' I n utiri e nts a n.d waste 
products must pass 

. R I bosomes *- site o·f 
protein synthesis 

Nucleo Id*- a cii re le of 
DNA, not surrounded 

' by a membrane 
(i.e. not a true nudeus) 

Mesosome.,, - a fo I dlng 
of the celil membrane 
that in ere as e s the rate 
of eh em i ca,I reactions 
in, ~he bacterfum 

Cell w a II* - made o·f 
murein; protects 
bacterium -from breaking 
wn en vv ate r moves into 
tne cell and possible 
harm from other 

' orgarn1sms 

• Figure 1.,23: The structure of a bacterial cell (Escherichia 
coll), together w~th an interpretative drawing. E. coll 
are found ~n our djgestifve s.ystem1s a1nd hellp us to break 
down the food we eat 

AIII kingdo1Tis., except animals, have a eel II wan (ailthougih 
an ~m1al-l ike protoctista do not have one). The sugar that ceH 

waHs are made fraim var~es from one kingdom to another, and 
can be used to dassify dliiff erent organjsms (plants and plant­
m~e protocti sts - eel llu!ose; fungi - chitin; Iba cteria - mu rein),. 

[ 1 How is. Ufe ,organized? 

EXTENSION: Classification 
You have now examined the five major kingdoms 
into which all life is divided. But what about the 
sma Iler groups that were mentioned at the start 

of this section? Within each of the five kingdoms 
there are smaller sub-divisions - phylum, class, 

order, family, genus and species. There are also 

three domains which are one level up from the 
kingdoms -these groups are the highest level of 
classification. 

F:ind out about the other classifkation groups at 

these websites 1or use the following s-earieh terms: 
levels of class1ficat1on, i11gd , ..,pecies . 

www.boundless.com/bio logyltextbooks/boundless­
bio logy-textbo o k.lphy Jog en i es» and ~th e-h isto ry-of-
1ife-20/o rga n izing-1 if e-o n-ea rt h-133/t he-I evels-of­
cla ssifica tion-541-11750/ 

www .exp I o rin gnature. org /dbld eta ii. 
ph p?dbl D=87 &de11 D=1192 

Choose one an ima I and plant and find out its 
fu 11 classification (what is its phylum, class, order, 

family, genus and species?). Produce a poster to 
summarize your findings. 

ACTIVITY: Five kingdoms 
Create a table summarizing the differences between 
the different kingdoms. Put the five kingdoms along 
the top of the table and different characteristics down 

the side. You can then put ticks, crosses or comments 

against each characteristic for each kingdom. 

REVIEW 
• What is classification? 
• What are the five kingdoms'? 
• What features can be used to decide which 

'kingdom an organism should be placed in? 
• (an you draw the ceU structure for each of the five 

kingdo.m1s? Start with animaJ and plant cel1s, and 
then draw ceUs for the other three kingdoms. 



ACTIVITY: Dolphins and dogfish 

ATL 

• ·triti, ·a1.~thih ki Mg ski llsf Dra_w·teaso·nable c.ohch.I$iqhs 
· ~n~ ·g:en:erali_z_~-1io.n~ 

Look at the pictures of a dolphin and a dogfish 
(Figures 1.24 and 1.25). Are these animals closely related? 
What features may make you think that they are closely 

related? But then think about what you know about the 
groups of animals they are in - are they in fact closely 
related? Which of the two would be more closely related 
to a human? 

Use these sites to help you find out the features of both 
anima~s~ 

Dollphins 

h tp:1/oceanservice.noaa.gov/fact /dolphins.html 

www.imm .orgldolph infaq .php 

Dogflsh 

http:llb riti sh s eafi shin g. co. uk /dogfish J 

http:1/eol .orglpages/ 1857/overview 

As w,ell as dassffication beiing basied on ceH type, other 
featur,es of organjsm1s are usied to divide spedes into 
different groups. Ultimateiy, classification needs to reflect 

real relationships between organisms; based on how dosely 
related they are. 

• Analyse and eva1luate the info,rmation you have 
found out about each animal to explain the 
imp Ii.cations of using only phy.sica,1 characteristics to 
cl,a.ssify organisms. 

• Why should features that indicate common 
evolutionary origin be used (such as characteristics 
that group a 11 m.a m1m a ls togeth eir corn pared with 
cha1racteristics that group an fish) rather than 
superficial 1physrcai characteristics (e.g. the si;m il'ariity 
ln appearance betweein dogfish and dolphins)? Jus·tify 
your answer u,s1ing sdentifkally supported Judgements~ 

• Explain the way i1ni which science js applied a~nd used 
to address the problem of classifying organisms. 
Why is it important to use the correct method of 

c 1:ass ifi cation 1 
• Explain why it is im,,portant to use the same method 

of classification throughout the sci·entific com·munity .. 

+ Assessment opportunities 
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• Figure 1_ 24 A do~phjn 

Do1phin5 are mammals and dogfish are fish. Although 

they ~ook superfi1dallly very sim~lar, they are in fact not at 

a.H dosely related. The do~phin is most dose~ reiat,ed to 
a hurman - both are mammals1 which feed mBk to their 
offspring. Fish aire very different anatomically and in terms 
of origiin - they have 9iltls rather than !ungs, and have ai 

heart with two chambers rather than four, f,or ,exa1mpie. 

The si m~ia r~t1,es between dol ph 1n s aind dogfish are due to 
the envrronment ~n whkh they live. Bo1h are aquatic 

(i.e. both l1ive tn water) and their s1imilar shapes 1make them 

move through waiter easily (i.e. they are hydrodynamic). 

Th~s. shows the importance of llook1ing beneath the sktn 
when dasslfyi:ng orgia n isms.. C lassi·micat i1on shou Id r,eflect 
evolutiondry oidgins (see Chapter 7 for m1ore on evolution) 

rather than superfidai similarnies. Analogous features ,are 

teatu res that have sim illar functjons rrn d ~fferent organ ~sm1s. 

llhe ~m,iarity of functiion makes them look similar, such .as 
the fins. in dogfish and sharks, or bird and insect wings­

they are not si1m1illar eirther ~n terms of anatomy o,r origin. 

Homologous features are ones that have a comm1on 
evolluti onary orig in and r,eflliect r,ea I s1 mi la ri'ti es between 
organ isms, aind ·shou~d th eref orie be used wh e,n d.ass~fyilng 
them. Homolog1ous. featur,es may serve different function1s in 
modern animals, such as the arm of a human and the wingr 

of a bat (see Figure 1. 2 6 ), but the underJying structure is 
very similar (see also Figure 7.5, pa9e 175). 

[ 1 How is. Ufe ,organized? 

• Figure 1.25 A dogfish 

• Figure 1.26 The human arm and bait wirng look very 
diff,erent but have the same bas,ic bone structure 

EXTENSION 
Access the following website to explore more 
about the relationships between organisms: 

www.pbs.orgJwgbh/evol ution/chan ge/f am ilyl 

DISCUSS 
• Why do some a rganis.ms look superficiia llry the 

same'? 
• What are analogous structures? Should they be 

used to c1assify organi,s,ms? 
• What are homorogous structures? Shou ld they be 

used to classify organi1sms7 



• Fi 1gure 1 .. 27 Carl Linnaeus 

Pt:tt 

REG A TllJ NATUll ', 
O:z.1.v , 11111M 

• Figure 1 .. 28 Cad Unnaeus1 most 
famous work. Systema, Naturae 
showed for the fi1rst time how life 
cou Id be ell assifi ed 

THINK- PAIR- SHARE 
The close relationship between the different species of 
;Homo' poses questions about our identity as humans 
- are we separate from the other species of ape, or 
actually just one branch of a closely related group of 

similar organisms? Can humans be seen as a special 

form of life? See Figure 1.29 below. 

My name 1is Carl Unnaeus. I was a Swe-cHsh botanist. phys1dan and zoo~og~st. and a 
grreat dlassrifier of lh.11ing1 things. In the 1730s II dev,eloped the m.ethod of dassifyi1ng 
o rganisms that is s1iU used toda.y,, caHed bjnomiall nomendait ure. 

lln 1735 ! published Systema Naturae (The Na1iurall Worlld), jn which I d1v~ded flower:ing 
p,ants 1into classes d1eterm1~ned by the structure ,o;f the~r sexual organ~. In 1749 I 
~ntroduced 1he binomrall nome11dature for whfch I .am now fiamous - ead, pfant wa_s 
gjven .a Latin1 inoun (the genus) fol~ow,ed by an adject~ve {the spedes). 

~ am known as the father of modem1 ta~onomy, ,and .aim also considered one of the 
fathers of modern ecology. 

Car, Unnaeus was a remairkabl,e sdentist. He worked out a way of dassiifyh1g 
or1g1anjsms that we stiU use today. Every spedes has a name 1made from1 two pairts 
- the g,enus and the, spedes. Humans, for example, have, the spedes name 'Homo 
sapiens' {'Homo' ~s, the genus and 'sapiens' is the spede·s). There can be several 
different spedes in a 9enus- w,e share the JH1omo' genus with s~veral othE!r (now 
extinct) spedes such as the Ne.anderthc1 ls ,(Homo neanderthalis). 

• Figur·e 1.29 Skuills, of sp,e,des jn the genus ,Homo' 
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DISCUSS 
Dis cuss in a small group the work of Linnaeus. 
Why was his work so revolutionary? Why is his work so 
important to sdence7 How do you think the science of 
taxonomy will develop in the future? 

• Figu,re 1.,30 The dassirficatrion 
of hum ans from1 sp1eci e,s to 
kingdom1 

ACTIVITY: A modern 
classification? 

Traditional methods of classification involve looking at 
physical characteristics of different organisms. Can you 

think of any problems involved with this? 

Modern science has techniques that were not available 
until relatively recently, and were certainly not around at 
the time of Linnaeus. 

Ftnd out abo,ut these modern techniques here: 
www.nhm.ac.uk/discover/narning-nature-putti ng­

life-in-order.html or use the foHowing se,airch terms: 

histor ,J , axonomy. 

We will investigate the basis for these methods further 
in Chapters 6 and 7. 

Should scientists use new research in order to reorganize 

organisms into different classification groups? Should 
things be left as they are (so continue using methods 

that have served science for the past 350 years)? 

What do you think? 

[ 1 How is, Ufe ,organized? 

Species 

Genus 

Family 

Order 

Class 

Phylum 

Kingdom 

Domain 

Kingdom 

Phylum 

€lass 

Order 

Homo sapiens 
Members of the genus Homo with a 
hi h forehead and thin skull bones. 

Homo 
Hominids with uprightposture and 
large brains. 

Hominids 
Primates with relatively flat.faces and 
three-dimensional vision. 

Primates 
Mammals with collar bones and 
grasping fingers. 

Mam ma 
Chotdites with fur or hair and 
mt1k rids. 

Chordates 
Animals with· a backbone 

Animals 
Organisms able to move on 
their own. 

• Figure 1.31 
The hierarchy of I rf e, 

Thousands of years ago, people classified plants, animals 
and fungi ac,cording to their taste. Greek philosopher 
Aristotle (384-322BOE) organized 500 types of animals 
according to habitat and body form. 

Read more here: www .bioJogyreference.com/Ta-Va/ 

Taxonomy-History-of .html 

Create your own classification system 

If you were to create your own method for classifying 
living things, what system would you use? 

~ - Assesst11ent opportunities 
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SOME SUMMATIVE PROBLEMS 
TO TRY 
Use thes,e problems to apply and extend your leairn~ng in 
this chapter. Thes,e problems are designed so that you can 
evalluate your ~,earn~ng at d~fferent leve~s of achjev1ement in 

Criterion A: Kn owi,edge a 11 d u 11 dersta nd ing. 

THESE PROBLEMS CAN IBE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 1- 2 

1 State the seven characterist~cs of lirffe. 
2 Sug1gest why the .aUen 'thinks that the car is a Uving 

organism1. 

• f'ig ure 1.,33 An ah en's view of a car 

3 suggest the appropriate k~ngdom for the f0Howin9 
organis1m1. State why you have put it in this group. 

• Figure 1.34 Euglena 

[ 1 How is. Ute ,organized? 

THIS PROBLEM CAN BE USED TO EVALUATE YOUR 
LEARNING IIN CRITERION A TO LEVEL 3-4 

4 OutUne twei simU.aritjes and two djffere,r,ces between 
the follow~ngi two types of cell. 

• Figure 1.35 A pondweed cell 

• Figure 1.36 An Escherichia coli bacter1ium divildjng ~n 
two. E. co/i ris found w~thin the human 1intestjne and 
he,,ps to digest food 

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 5-6 

5 Describe the funcbon of the foUow~ng or1gan eUes: 

a Mrroch ondr~a 

b Nucleus 

c Chll oroplast 
d Permanent vacuole 



6 You hav,e coHected a number of specimens during a field 
tr1ip and have been asked t,o put them int,o ,groups of 

related organism1s. Suggest whi1ch or,gani.sms you would 
group together. 

Specimen D 

S·pecimen B 

Specimen E 

Specimen C 

• Figure 1,.37 A collection 1of spedmens f,or dassificatjon 

THIS PROBLEM CAN BE USED TO EVALUATE YOUR 
LEARNJNG JN CRITERION A TO LEVEL 7- 8 

1 Lichens consist of a fuing1us and aligae living togiether. 

• Figure 1 .. 38 A Behen growing on a branch 

a The fungus grows hyphae that help ~t feed by 
saprotrophk nutdtion. Explain what ~s meant by the 

term 'saprotrophic nutrition '. 

b Suggest one r,eas.on why we know that the 
photo shovvs a lkhen and not just a fungus. 

ii Use information fro1m the photo to s.ugg1est. a 

process that a Uchen can carry out but a fungus 
cannot. 

ii i Suggest an advantage to the fungus of beiing ,able 
to carry out the process you have named in part Ii). 

8 Ari1s1otte was a Greek phHosopher (384- 3221KE). 

The diagram be,~ow shows ho'\rv Aristo,tle grouped 
m.am1mals, l~zards, bi1rds., f ish; ins,ects, s.he,lllfish and 

jellyfish. 

I 
Red blood 

Mammals 
Lizards 
Birds 
Fish 

I 
Hard bodies 

Insects 

I 
No red blood 

I 

Shell 
Shellfish 

I 
Soft bodies 

No shell 
Jellyfish 

• Figure 1 .. 39 Aristotle's da-ssiftc:ation of animal gr,oups 

a Anstot~e also d~vided an~mals ~nto t hree groups 
accord~ngr to how they moved. Evaluate this method 
of dass1f~,cation. 

b Exp,la·in L~nnaeus' binomial dassi1ficat fon system. 
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Reflection 
In this chapter we have seen how life ex~sts, at a range of scales and discovered 
how the identity of an organ~s1m ,s detenmined by the parts it is 1made up from 
and the relatlonship between them. We hav,e found out about how organis,ms 
diffier in form and complexity, and expla~ned ways rin which they are grouped and 
dassified. We have explored the patt,erns in struc:tur,es, functlons and bi1ological 

processes that are necessary to sustain ~ife, and discussed whether it frS po.ssib,e to 

create art~ficia~ life. We have learnt about our rolle, as a t hjnker, and how we can 

use ,critical!- and ,creative-thinking: skills to analyse complex problems. 

( ,,;' -- - ----•• _.. I<'""" 

~1, ~ams1;1;,{::>11u .. , ~ al'.:I.._tr•J~ lI ••••.a•ll,f,l 11d[:r.11111111u K111"R.l1111-'1{e111\W111:.i--~ 

!Factu al= What are the characte,rist~cs of lriViing things?' What are ceUs 
and how arre they structured? What roles do ceHs cany out? What 
are ihe eh aractenstiics and funct1i ons of d~ff eren1: eel l1s, 1iss ues and 
organs? How ar,e o r,ganisms grouped and dassified? 

Conceptua l~ What determ~nes. whether somethsngi is. aftive or not? 
Aire viruses a1Jiv,e? How doe·S ce1Jll structure r,elat,e to function? What 
dbes irt m,ean for ·Organi1s1ms to be 're·llated'? What character1st~cs 
ma1ke some organ~sms m,ore dose1y rellaited 1han others?' 

Debata ble: Should scientists use new reseairch to reda,ss,fy 
orgtanisms? Are humans a special! form, of Ufe,7 WIIU it be possiblle to 
create art1ficia~ hfe? 

Approaches 1:o llearn~ng you used mn thiis chap1:er 

Critica 1-th inking s kill s 

Creative-thinking skills 

0 rg an izati on skills 

Answers we found 

Descdption - what new skiHs 
did you 1earn7 

Any further questions no,w7 

How well~ djd you 1master the 
sbll1s? 

.... 
([J 
C 

i... 0 
QJ .(Ll 

~ 1: u C: ·s: i... Cl.I 
0 ri;:; ! z ~ d: 

learner profile attrH:;ute(s) How d~d you de'monstrate your skms ,as a 1h~nker jn thts 
chapter? 

Thinker 

[ 1 How is. Ufe ,organized? fj.j 



systems 

CONSIDER AND ANSWER THESE 
QUESTIONS: 

Factual: What are some chemical reactions which 

occur inside ceUs? What occurs in the process of 
cellular respiration? VVhat occurs in the process 
of photosynthesis? What factors are needed for 
photosynthesis? How can the rate of photosynthesis 

be measured? What are enzymes and how do they 
work? How do chemkal and physical reactions in eel Is 
determine the survival of organisms? 

Conceptual: Why are enzymes needed? Why do some 
or1ganisms need to feed themselves whereas others do 

not? Can the chemical reactions of I ife occur outside 
cells? Can biochemical reactions be replicated in the lab? 

Debatable: Should chemical reactions be ma nipuiat1ed in 

order to, meet our food and fuel needs? 

Now share and compare your thoughts and ideas with 
your partner1 or with the whole class. 

• Figure 2 .. 1 Plants trap sunlight energy which enables 
organisms to carry out li1f1e processes 

HIS H [ LL ... 
• f i:nd out: 

how chemical reactions are controlled in ce~ls; 
wha1t ~ncreases and decreases these r,eacti,ons. 

• Explore how innovations in s.dence cou ld lead to 
these reactions bejng util~z,ed to meet girow~ng energy 
and food needs. 

Take acti,on by campaigning to reduce food waste in 
our home and commun~ty. 
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These Approaches to Learning (ATL) 
skills w!U be useful ... 

• ,·Crit_i_c~l-thi nkio~f skill~ 

• ·· Orgaliizatic,.n sld_ll~ 

ii 'liitoriifatio)1 Jit~rij~.Y-skills­

• comm.u nication ·skills 

• .. S:elf .. ·man·a·ge·ment ski I Is~. 

catalyst 
kinetic 

limiting 

metabolic 

transfer 

yield 

.2 What chemkal processes support life? 

• Figure 2~2 Operations could us,e extreme coohng durjng 
I if.e-s-a1vi ng su rgiery 

E I LI 
When a casualty arnves at the em,ergiency departiment of a 

hospita~ w~th a traum1atk injury, such .as a 1gun-shot w,ound, 
doctors have lirtde tim1e to save· the patient's l1ife. Fewer than 
1 in 10 patjents witjh severe injur~es that lead to ,extens~ve 
blood !oss ·survive·. Bl,ood l,oss leads to card~are arrest (the· 
heart st,ops functioning) and dea1h. Doctors are worldng on 
ways to give 1hem more tim,e to ,operate -techniques that 
only .a few ye.ars ago would have seeme-d more appropr~ate 
in the realm of sd ence fiction. 

Watch th~s v~deo: http:lledition.cnn.com/2014/06/23/tech/ 
i 11 novation/suspended-animation-trialsl 

N,ow, read thjs airtide: 
www.bbcco.uk/newsthealth-11389464 

TH INK- PAIR- SHARE 
In pairs or groups, discuss what you have jus-t watched 
and read. Consider these questions: 

Why does extreme cooling allow surgeons to operate 
by stopping the patient's heart? What does this 
technique tell you about the processes that are going 
on in cells? How can a person still be alive if there is no 
pulse, blood pressure or signs of brain activity? What 
does cooling do to cells that enables life to continue? 

How are patients 'brought back to life'? 



In Chapter 1, we saw how oeUs contain organelles that sustain life. Each 
organelle has a dljfferent function, carrying1 ,out a spedf1c biological process. 
At the most basic levet chemkal react1ions within the organe~lles are what sustain 
life. The organell,es separate tihe var~ous, chemica,I reacUons. that aire needed 
to support the ce,U"s function - each orgianeUe with a different se1 of ,chemicall 
reacmions (see Figure· 2.3). 

Separating the reactions ,of li1te in this way means tha,t they can be controlled and 
don't interf,ere w,th each other (in the same way that d~fferent operations in a 

factory are divided into different areas; for ·exampl,e in ,a car factory one area w ill 

be used to assemble the engine, another to put together the chassis, and so on). 

Thes,e chemkai reac~ons can be ~low,ed down and speeded up, in the same, 
way that all ohem~cail reactions cam. In ai chem1ical reaction, the reactants 
(Le. the ,chemkais that wm be reacting together) need to me,et up - increasing 
temperature means that their kinetic energy (Le,. energy of movement) increases 
and they are more !likely to coUidle and react (F,gure 2.4),. 

Cooling down the ceU willl have the opp05ite effect. By cooling1 the body to such 

an extent that the ,chemkal reactions in ceUs are slow·ed so that hfe is '·suspended', 
surgeons ,can operate without ceUs needijng a ,constant supply of food and 
oxygen, which m,eans the heart can be stopped. 

The chemkail rea,ctions in c1eUs ar,e known as metabolis,m, and metabolic 

reactions need ,a supply 0 1f reactants to sustain them - if 1metabolic reactions are 

slowed then the supply of reactants can also be reduced. 

But what metabolic reactions are 9oing 011 in ceUs?' The cytoplasm, as we have 
seen in Chapter 1, i1s the site ot m1any m1etabol1c reactions. We also know that 1he 

mttochondrja are the sjte of aerobic respiration - releasing energy from food 

~n the pre·sence of oxyg,en. Respiration actual~ starts in the cytoplasm, where 
It can begih1 without ,a need for 1oxyg1en (1hi1s is, c.aUed anaerobic ·respiration),. 
Respiration is the es.s.endal 1metabolic reac~on in c,eils - it supplies the c~III, and 
ultimate~y the organism, with energy that supports a~! life processes. We wi1III 
expl,ore this react~on further in the next sechon. 

• Figu,re .2 .. 3 Com,partments jn cells 
- each fulfUs a difierent ro,le, and 
contains different eh em ical reactions 

Lairg e kinetic e ne rg.y - higher temperature 

Sm ail I kinetic energy - ~owe r te m,pe ra,tlJ re 

@ L 
, - .... -.. .," - ... .. __ _ -

• f 'igure 2.4 Moiecu~es in c,ei ls are 
more lik1ely to coUide and react at 
warmer t emperatures, as they have 
more kinetic energy 
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Chem ~cal reacttons irn eel is are of two types - one builds 

up bigger molecules from1 sm1aHer ones (these are caUed 
anabolic reactions). The other type breaks big moiecules 
into sm,a~~er ones (these are called catabolic reactions). 

Respkatj on is a catabolic reaction. In Chapter 3 we w1 Ill 
see how food is dige,sted in the body, and how 'breaking' 

(catabolk) ,and 'bu1id~ng· (anabo1l~c) reactions ar,e used to move 

nutrients jnto cellls and then use them to build new structures. 

P~ants. also have many m,etabolic reacUons, jn their cells. 
Photosynthesjs takes place, insijde chlo,rop~asts- light energy 

~s s1ored as chem1jca1i energy ~n the fo:rrm of glucose. Th~s 
chemkall reaction is essential to support Ufe - not ,just that 
of the plant, but a~so ,of the organisms that feed on the 
plaints and obtain the,ir energy thdt way·. We wrn explore thi.s 
reactiion on pages 33-34. 

Energy 

Anabolic reaction 

0 

0 0 
~o 

0 

SmaUeir molecules 

1Larg·er mo'lecule 

• Figure 2~5 MetaboUc reactions ~n Uv1ing th~ngs 

.2 What chemkal processes support life? 

0 
0 

0 -

EXTENSION: Mitochondrial 
disease 
Figure 2.9 (page 31) shows that mitochondria 
have their own DNA. Scientists believe that they 
were once free-living bacteria that were taken 

inside an early animal-like cell (mitochondria 
are the same si.ze as bacteria and have many 
similar features). As \!Vith DNA in the nucleus, 

mutations in the DNA (see Chapter 6) ea n lead 
to mitochondria not working properly. Find out 

more about mitochondrial disease here: 

www. th eli lyfoun dation .org.u k/an imation/ 

We have discussed how tempe,rature can increas,e chemical 
reactions. Che1mica~ reactions ,can also be incr,eased by us~ng 
catalysts (whkh you may have encounte,red in chem~stry). 
Cata~ysts speed up reactions but are not broken down in the 
proc~ss, - th~y cain b~ reus~d. Cells hav~ natura1l ly occurring 
catalysts caUed enzymes (Le. biologkal catalysts). We wm 
look at these on pages 40- 45. 

Cata bo I ic. reaction 

Larger molecu!le 

0 
Energy 

0 
0 

S ma.I I er mo l@c: u'les 

0 
0 

0 



ACTIVITY: Burning glucose 

For this experiment you will need a clean and dry jam jar with a lid, a Bunsen 

burner, cobalt chloride paper, limewater, glucose powder (or another source 

of food), a combustion spoon (a wire spoon). 

Safety: Ensure you wear safety goggles when using the Bunsen burner, 
and take c.are of naked flames. 

1 Place a sma n amount o·f gJucose powder in the combustion spoon, and 
ho·ld jt in a Bunsen flame unt il1 the glucose ignites. 

2 Hord t he jam jar upside down about 2 cm above the burning glu co-se so 
that the gases from the flames enter the jar (see Figure 2 .. 6). 

3 When the sides of the jar appea1r misty, pl,ace the ·wire spoo.n and burning 
gl ucos·e into a beaker of water to extinguish the flame and cool the spoon. 
Immediately put the lid on the jar. 

4 Using twaezers, put a dehydrated !Piece of blue cobalt ch'loride paper into 
the ja.r and replace the fid. 

5 Turn the jar so that the cobalt chloride paper comes in co111tact w·ith the 
sides and leave it ·for one minute._ Note any co1our chan,g1e in the cobalt 
chlodde paper. 

6 Pour a small amoun·t of l:imewater into the jar .. Shake the nm,ewater in the 
jar. Note any change in the appearan,ce of the limewater. 

'~,r' . , 
l J .... ,,,... 

The gases from the lbu rn i ng 
food coli·lect in the jar 

• fjgure 2~6 C0Hect1ii1g the, products of combustron 

7 Take a g.lass cylinder that has been fHled with oxygen, (your lab technician, 
wUI do th1is using, a·n, oxygen tank) .. 

8 Take afresh combustion spoon and ignite the gluc,o·se as before. Put the 
combustion spoon i,nside the ,glass cyJ inder (see Fi·gure 2. 7). 

9 Note any differences between this experiment and the previous one. 

Safety: If you have long hair, tie it back before starting this experiment. 

Ensure that the glass cylinder is on a flame-proof mat away from any 
sources of combustion (paper, for examJ:?_le'). 
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• Figure 2~ 7 B,urn1ing1 gJucose in oxy,gren 

• What have you observed'? How do you interpret your 
resutts? What gases a.re produced by the burning 
glucose? 

• What evidence do you lhave to prove that thes·e gases 
are produced? Explain your reason·ing. 

• What evidence is there that einergy i·s refeased from 
the food during the experiiment7 

• Glucose contains carbo,n, hydrogen a!nd oxyg,en. 
Explain the production of the two gases from 
burning food tn simple· chemical terms. 

• Living organisms obtain their energy from food. 
Compare the burning of gl.ucose in these experiments 
to the use of food for providing energy in the body'. 

• What d'ifferences dlidl you notice when you burnt 
the glucose i1n pure oxygen? Can you explain your 
observations? 

+ Assessment opportunities 

.2 What chemkal processes support life? 

The word and che1mical equation for aerobic respiration is: 

Glucose + O~gen 

From our food 

Carbon dioxide + Water (+Energy (ATP)) 

1 Can be used for cell activity, 
e.g. mLJcscle contraction 

• Figure 2.8, The equatron for aerobic resp~rat~on 

Mjtochondr~a are where the majodty of energy is released. 

• Figure 2.9 A mitochondrion (photo taken using an 
,electron microscop,e) and an int,erpretive diagram. 
The folds ins,dle 1he mitochondria increase surface, area 
for the react~ons of resp~rat~on . The matrrix contains the 
enzymes for aerobk r,espiration. DNA and r~bosomes 
inside ,each mito,chondrion enable them to make their 
own prot~1 ns 



Anaerobic Membrane Aerobic 

2ATP 
M itochondrion 

6-carbo n compound 

4ADP 
Loss of hydrogen - oxidation 

4ATP 

3wca rbon CO m p OU n d +02 
~ ---------~----------~-.. co; + H20 

Anaerobic respiration 
in yeast and plants 

2ATP Anaerobic r-espiration 
in humans 34ADP 34ATP 

Cytoplasm M itocho ncl ri on 

• Figure 2.10 Respiratjon begins in the cytopiasm1 and ends in mi1to1chondria 

Respiration transfers chemkal energy in glucose into 

another mojecule, ATP. Glucose ~s a very stabi,e mioteaule 

that does not readily break down to rel,ease energy - ATP 
easHy breaks down and so1 1is a more suitable source of d1r,ect 
energy j n celll s. 

R,espira-u on breaks down the glucose stage by stage, 
graduallly releasing the energiy. In ieombustion the energy 1is 

relleased an in one go - if th~s occurred in our bodies then 

the heat 9enerated woulld mean we would self-combust! 

The gradual! breakdown of g~ucose in cells 1is con1roUed by 
enzymes (pages 40-45). 

,Glucose contains six carbon atoms and so is caUed a 
6-carbon compound. In the cytoplasm of the c1eU it ~s broken 

down into a 3-carbon compound called pyruvic add by ai 

process ,caHed ,glycolysns ('glucose-spntting'). No oxygen i-s 
needed for this process, but only a Ii mited amount of energy 

ts released. tf no oxygen ~ s present then either lachc add is 
formed (in humans} or akohol and carbon dioxide On yeast 
and p~ants). If ,enough oxy9en is present in the ceUt the 
pyruvJc acid is compietely broken down 1in the 1mitochondda, 
fesulting in carbon dioxide and water, and the production of 

much ATP (Fjgure 2.10). 

Hold your hand in the aiir and repeated,y clench your hand 

into a fist. What starts to happen after a while? What is 

building up in your hand and why does that make continued 
denchingi d1ffi1cult and painful? Shake your arm to 9et blood 
moving into the hand once more - why does this return 
your hand to normal? Ho,w does this re~ate to, what happens 
after strenuous ,ex,erdse such as a spdnt? 

Why does glucose ultimately need to be broken down in the 

presence of oxygen {then= a re several rit:!a sons)? 

SUMMARY REFLECTION 
• What have you lea rnt about the process of cellular 

irespfration? 
• What are ·the differences between anaerobic. and 

aerobic respiration? 
• What are the word and chemica l equations for 

aerobic resp:iration? 
• How does ,respiration differ fro,m combus·tio n? 
• What is the diffe·rence between, ae:robic and 

anaerobic respiration? 
• What is the word equati,o:n for anaerobic 

1respfration in humans? 
• What is the word equation for anaer,obi1c 

:respirat ion in plants and yeast? 
• How do we 'make use of anaerobic respiration 

i1n yeast? 
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Before m,e, sdent~sts thought that p1lants were fed\ by the so~ll.1 was. determ~nedl t o prove whether 
1h~ was true or n,ot. I took a p1ant and watered~ - nothi1ng1 e~se was added. After 5 years I dried 
the so.ill and r,e-we~gihedl both the pJant and so~t The tr,ee ,ga1~ned 74kgi and the soil f,o,st only 0.06kgi. 
Thjs p1rov,e-d 1ha1 the soU had not been taken in by the t r1ee to gi1ve ii'ts new m,ass - ~e quest~on wa1s, 
where had1he new mass. come ir,o,m?' I stated tha1t I thought •t wa,s iro,m the water .alone. 

E F 

In the seventeenth Gentury, a Belgian physic1ian, Jan Bapttsta van He,lmont 
(1579- 1644), set up an ,experiment in which he· pianted a willow sapliing h1 a 
weighed amount o,f so~ll. 

How do p.lants get thefr food? 

Five years 

2kg of plant 
74 kg of so il 

• Figure 2.12 van Helm1ont 's experiment 

76kg of pl1ant 
73.94kg of soil 

Was van Helmont correct in sayilng that aH of the new plant mass was gained 

by taking in water? Water contains hydrogen and oxygen - what other 
element is needed to make glucose? What molecule provides p~aints Wirth th~s 
add,t~onal element? 

Figiure 2.13 shows the word and ,chemical equation for photosynthesis. 

Word equation 

C rb Sunlight 
d.a .odn + Water > Glucose+ Oxygen 

IOXI @ Ch~orophyf I 

Chemical .equation 
Light 

6C02 -+: 6H20 ~ C6H120 6 + 601 
Ch~orophyll 

• Figure 2~1.3 The equation for 
p hoto,syn thes~ s 

.2 What chemkal processes support life? 

• Figure 2.·14 Photosynthesis 

• f igure 2~11 van Helmont 

So, van He,lmont was partly correct 
- ahhough he had not appredated 
that carbon d~oxide was also needed 
to make new plant mass (jt supplies 
the carbon needed to make glucose -

C6 H120J. 

What do you no·bce about the 
equations f o,r photosyn~hesis and 
respi rati,on? 

Organisms w~th chior,ophy111 can 
capture sunltght energ1y and stor,e it as 

ahem,cal ,energy (g1lucos,e). Organisms 
that cannot do this need to feed 
the·mselves to obtain chemical energy. 
Or9anisms that can 1mak.e their own 
sugiars are caUed autotrophs (which 
means 's,elf-feeding 1

) whereas thos,e 
that ,cannot are cal~ed heterotrophs 
(whkh 1means getting food from 

s,everal different sources). An~ma~s, 

fiungi, some bacteria and s,ome 

protocUsta {Chapter 1, pages 14-19) 

are heterotrophs. 



Cytoplasm --Mo 

Vacuole __ ..,_ 

Chloropl:art -

Celt wa ll ---

Guard celil 

Upper epidermis 

PaHsade 
Jaye,r 

Spongy 
layer 

Mesophyll 
(p h otosynth et,ic 
tissue) 

• Figure ,2.15 Sectmon through a typical ieaf sho\Ning 
the ,ce·II structure 

Factors that plants need for photosynthes~s are caHed 
limitin,g factors. If the plant does not have 1enough of them 
then the rate of phot,osynthesis is slnwer. limiting factors 

include sun light, carbon dioxide con cent ration, amount of 

,chlor,ophyU and temperatur,e. 

A le,af is. adapted to absorb sunll~ght and carbon dioxjde. 

The flait surfaces of ~eaves pro,vide ,a llarg,e surface area for 
ti9ht absorption. The pa Ii sade eel Is that contain the most 
chloroplasts (see Figure 2.15) ar,e near the top ,of the ~eaf 
where there is the most su rn~ ~ght. Carbon d ~oxide ,ent~rs the 
plant through pores (stomata sing1luar, stoma) in the, ~ower 

surface of the lleat and drculates in air spaces before being 

taken in by spongy mesophyl l c,elis (which have a !arge 
exposed surface area). Water is absorbed by roots and taken 

into the leaves through vreins. 

E.XTENSI ON: Ch,emoautotrophs 
Plants are known as photoautotrophs, which means 
that they use sunlight energy to make food in the 
form of glucose. Plants are not the only organisms 

that ca n tnake their own food. These organisms are 

thought to be the earliest forms of life on Earth. 

ACTIVITY: Hovv do substances 
needed for photosynthesis 
enter the leaf? 

Look at the following figure: 

• Fi,gu1re 2 .. 16, How raw 
matedal5, needed for 
photosynthesis enter 
the leaf and reach the 

® chloropfast 

Match the following descriptions/Words to the correct 

number: 
• Chl:oroplast 
• Water enters leaf th roug1h ve,in (xylem vesse.1) 
• Sunlig:lht ente rs leaf through upper epidermis 
• Ca rbon dioxide diffuses into leaf through stomata 
• Water diffuses into eh loroplast 
• Air space. 

Find out about chemoautotrophs and how they 
provide a source of energy for food cha ins. 

You could use the following search terms: 

che moa utotrop h, nitrifyi ng bacteria, thermo ph iles, 

de p sea vents. 

Produce a poster summarizing your findings. 
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ACTIVITY: Testing a leaf for starch 

Glucose is stored as starch in plants, and so photosynthesis can be shown to 
be taking place in leaves by testing for starch. 

For this activity you will need a plant with large leaves, such as a geranium,, 
iodine solution 1 a white tile, a Bunsen burner or hot water bath, ethanol, 
boiling tu bes and forceps. 

• BI u elbtiu:k means starch present 

Remove leaf 

Add rod:ine 
solution 

.2 What chemkal processes support life? 

• Brownlora,nge means no starch 

Kill 1in boi:lin:g water 
(30 seconds) and 
remove waxy cuticle 

Heat 

Forceps 

Think carefully about why you 

have carried out each stage of the 

procedure. Use your knowledge of 

leaf structure to interpret your results 
and explain why you have carried out 

each part using scientific reasoning. 

Make a bulleted list explaining why 
you carry out each stage. 

Remo\~ col'our in 
bo i,l:i ng etna no I 



ACTIVITY: Proving that oxygen 
is produced by photosynthesis 

Set up the following apparatus: 

1Bench ramp 

- --- Gas 

---- Test tube 

Beaker 

- - Water 

+t--+t---+t- Fun me I 

'1:'."1-i~i:-----tt- florJoo 
Modelling clay 

• F i1g u re 2.111 S Provi ngi that oxyg1en is produced by plants 

Safety: You may need to support the test tube with a 
clamp stand. Keep test tubes in test tube racks when 
you are not using them and not loose on the bench as 
they may roll onto the floor and break. 

• Why is the funnel supported by modelling clay? 
• How ·would you test for the presence of oxygen? 

Now use the information provided here to design an 

experiment to measure how light intensity affects the 

rate of photosynthesis. 

• Explain the question to be tested by the 
investigation. 

• Formulate and explain a testab le hypothesis usi.ng 
scientific knowledge. 

• Explain how to manipulate t he variabl1es~ and 
explain how suffiic ient relevant data w ill be 
co llected. 

• What w ill your independent, dependent and control 
variab les be? 

• How wiH you ensure reliability and accuracy? 
• Design a logicat complete and safe method in wh 1ich 

you select appropriate materials and equipment. 

In this activity we have applied the scientific 

method, including control variables and repeats, to 
ensure the validity of our investigation . 

+ Assessment opportunities 

THINK-PAIR- SHARE 
Think about experiments you could set up in class 
to prove the equation for photosynthesis - that 

light, carbon dioxide and chlorophyll are necessary 
ingredients. Discuss your ideas and share them with 

your neighbour. Then report back to your whole class 
- have they come up with similar or different ideas? 
Now read about the experiments on the next page. 
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ACTIVITY: Proving that light, 
carbon dioxide and chlorophyll 
1are needed for photosynthesis 

Look at Figures 2.19 to 2.21. In what ways do they prove 

that light, carbon dioxide and eh lorophyll are needed for 

photosynthesis? Before each experiment the leaves were 

destarched (i.e. starch removed) by placing the plants in 
a dark room for one week. 

Part 1 - Does photosynthesis need light and 
iehlorophyll? 

Bl'ack paper - ---jj 

(on both Siides of ledf) 

,..,_- Edge of leaf 
'lacks c:hilo ropnyl'II 

• Figure 2 .. 19 Proving that ieav,es ne,ed light and 
chlorophylll for photosynthesis. Note that a v,ar~egated 
lle,af is used here - the outer ed,ge of the i,eaf does not 
co1ntain chlorophyll 

• The l,eaf is now tested for starch., On the leaf in 
Fig1ure 2.20, show the col'our you would expect t he 
d.iffere nt parts of the leaf to be after jod ine has been 
adde d. 

• Draw t he leaf below to show the col!ours after testing 
fo,r starch. 

What two things does this show? 

• How would t he ex1peri1ment be controUed? 

• Figure 2~20 The leaf 
from, Figiure, 2.19 is te,sted 
for starrch 

.2 What chemkal processes support life? 

Part 2 - Does photosynthesis need carbon dioxide? 

Sealed 
with 

A G l,ass bel 11 jar 

Soda 
· lime 

Sea~ed 
witn 

GIJass grease 
pate 

B Gla,ss bell jar 

Gtass 
plate 

• Figu re 2.21 Proving that l1eaves need carbon di,oxide 
for photosy-nthes~s 

• What is the soda lime for? 
• What is the purpose of beU j:ar B? 
• What results would you expect? Use a drawing to 

show what you would expect if you tested a leaf fro:m 
both bell jars for starch. 

• What dues thi'S show? 

+ Assessment op,portunities 

In this activity we have used scientif ic equipment to 
test hypotheses. 



ACTIVITY: An experiment 
to investigate the effect of 
light intensity on rate of 
photosynthesis 

In a previous activity you we re asked to design an 

experiment to measure the effect of light intensity on 
the rate of photosynthesis. In this activity you will carry 
out this experiment and develop your own conclusions. 

Test tu be clamped 
in positi.on -----

........+--- Pondweed weighted 
v,,rth paper dip 

• f 'igure 2"22 The pondweed exper~ment 

1 Ta1ke a test tube and f111 it two-thirds with wateir. 
Add a spatu,la measure of bicarbo 1n,ate to add a 
c,ontroilled 1measu re of carbon dioxide· to the water. 

2 Ta:ke a piece of pondweed (Elodea) a·n d cut the 
bottom of the ste.m at a 45-degree angle (so that 
oxyge:n bubbles will be readily released from the stem 
in water). 

3 Put the 'pondweed in the test tube so that the cu:t 
stem is uppermost. Make sure the cut end is not 
touching the side of the test tube. Add a papetclip to 
the bottom end of the pondweed to weigh it down so 
it does not float. 

4 Take a desk lamp and put it a measured distance fro.m 
the pondweed, e.g* 5 cm. Let the p[a nt acclimatize fo,r 
one minute, untH a regular stream of bubbles is given 
off, and then record the number of bubbles emitted in 
one minute. 

5 Move the p[ant a further fixed distance from the '.lamp, 
for example 10 cm, and repeat the procedure., 

6 Continue tbe experime·nt until you have measured the 
number of bubbles given off per minute for at least 
1 o dista:n,ces. 

7 Repeat the experim,eint three ti1mes to ensure that you 
have rel'iable, val'id, quantitat1ive ·results. 

8 Once you have correctly collected., organized; 
transformed and presented your data in a tab'le., plot 
a graph of your mean resuJts. 

9 Apply a line of best fit to your mean data. The Une 
of best fit iin drawn so that the points are even1ly 
distributed on e·ither side of the Hne. If you are 
drawlng the line with a ruler, you w'irll onlly be 
expected to draw the Une 'by eye'. 

10 Accurately int1erpret your data and explain your 
results using correct .scientific reasoning. 

11 Evaluate the validity of the hyrpothesis based on the 
outcome of the investigation. 

12 Evaluate the vali'dity of the method based on the 
outcome of the investigation. 

13 Explain improvements or exteinsions to the method 
that would benef,it the investigatio.n. 

Safety! Keep test tubes in racks, not loose on the 
bench as they may fall on the floor and break. Take care 
when cutting the pondweed s-tem. 

EXTENSION 
Your independent variable is distance of 
pondweed from the lamp. How would you 
convert these data into I ight intensity? 

+ Assessment opportunities 
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EXTENSION 
Use the following website to investigate 

the effect of I ight intensity, carbon dioxide 
concentration, and temperature on the rate of 
photosynthesis: www.explorelearning.com/in dex. 

dm?method=cResource .dspView&Resou reel D=.395 

P,lot your data and draw your conclusions. 

Here is a simpler version of the same 

experiment: www.ks cie nee. co. u kl an im ati ons/ 

photo lab. htm 

When you investigate the effect of light intensity, 
carbon dioxide concentration and temperature on the 

rate of photosynthesis, you should get a graph like this: 

Rate of photoS!jnthesis 
becomes constant 

Either the co,n centf ation of carbon 
dioxide orthe t emperature needs 
to be raised to increase the rate of 
photosynthesis furthe r 

Light intensity 

• Figure 2~ 2.3 Effect of l1i,ght on rate of pho,tosyn1hE?s1 s 

Initially light is I imiti ng, because increasing the light 

intensity increases the rate of photosynthesis. At a 

certain level of light, the rate no longer continues to 

rise, and in fact levels off. At this point I ig ht is no longer 

limiting, but some other factor is, such as carbon dioxide 

,oncentration or tern perature. 

In this activity we have used a line of best fit to 

show the correlation between the independent and 

dependent variables . 

.2 What chemkal processes support life? 

ACTIVITY: Shovving that plants 
carry out both respiration and 
photosynthesis 

This experiment uses hydr-ogen carbonate indicator 
solution. The indic.ator changes colour with different 
concentrations of carbon dioxide: 

Yellow • 

Addie Bask 

CO present No CO present 

In low levels of C0
2 

the indicator is red. 

1 Set up the equipment as foUows. Tube B can be 
covered with tin foil to block out I ight. 

2 Add a pinch of bica·rbonate (1rele·ases C0
2
) to each 

test tube if no oxygen evolves in tube A. 

A 

Oxygen 

Indicator 
solution 

Pondvveed 

B 

Cover 

C 

No 
pondweed 

• Figure 2.24 Showing that piants carry out both 
respir.a1tion and photosynthe·Sis 

Safety: Wear eye protection when handling the 
indicator solution, and wash hands after use. 

1 What i.s tube B for7 What is tube C for? 
2 What wourd you predict s.houl·d happen to, the 

col.our in each tube, and why? 
3 leave the plants for 40 ·minutes in bright light. 

Record the colour of the i.nd icator in each tube. 
4 Write u,p your IP red icti on, ·resu 11s, conc:l,usion and 

eva[uatioin~ 

+· Assessment opportunities 



TH 
Enzymes ar,e biolo9kall catalysts. This m1eans ~hat they speed up ,chemical recKtions but are 
not broken down ~n the process. They are, found inside ceUs and w~thin the body systems/ 
such as the digestive system. S,ome are involved w1ith catabolic reacti,ons, and other with 
anabo~k r,eact~ons (page 29). 

Here are som,e fdcts about enzymes: 

They are made of protein. 

• Enzymes ,end in "ase1

, e.g. protease breaks down protein, carbohydrase breaks 
down carbohydrates (sugars) aind lipase breaks down lipids (fats). 

• The part wher,e reactions take piace is caUedl the active site. The active s~te has a 
specif~c shape (Figure 2.25). 

• Enzymes rea1c1 with sub.strate.s. For example, the enzym,e amylase (found in sall~va and 
s.ecreted by the pancre,as in the d1g1estive system) reacts w~th the substrate sta1r,ch , 

• When an enzyme r1nd sub5trate combine they form1 an enzyme-substrate 
complex. 

Products are produced by enzyme reactions. For example, the products of starch 
digestion by a1myiase, is the sugar 1maltose. Maltose is, rn turn, bro~en down into gfuc:ose 

by the enzyme maltase (Figure 2.26). 

• The way that ,enzymes rea,ct with the substraite is caUed the lock ... and~key 
mechanism . The enzyme is the 'lock' whjch has, a1 specific s.hape into which one 

substrate (the 'key') fits . 
• Bonds are either broken or formed once the reactants ar,e jn the active .site" formjng 

new products.. 

Substrate 

Enzyme E nzym e--s u b rt rate comp l'ex Enzyme 1 

QGlucose 

QGJucose 

z 

• Figure 2'"25 An enzy1m,e-catatysed reaction • Figure 2"26 The sug1ar maltose is broken down into 
9lucose by maitase 
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So far in thjs book, you have can~edl out experi1m1ents that investigate various 

biolog~cal prindples. You win have noticed that each investigatjon follows a 

partku~ar pattern. We wrn examjne thijs 'scientific method' in detaU her,e. 

The investigation cycle 
All scientific inquiry starts with a question. This question is usually based 
on an observation - something that the observer has seen that they think 
needs explaining. This leads to an investigation that explores the question 
and ultimately results in an explanation. An evaluation of the method can 
lead to further investigations. The whole process can be thought of as a 
cycle (see Figure 2. 27). 

Over the next few pages the invest~gation cyde is used to i1nves1·igate ,enzyme 
react~ ons. For each iinvest~gation. think ea ref u I ty a bout how the cyd e is 

be~ng ap pi ~ed. 

Analyse your 
r~sults and preseflt 
yourdaia in a.way 
tnat clearly 
demonstrates the 
effect that the 
independent 
variable has on the 
dependent variable. 

Did you demonstrate your 
hypothesi57 
How (OU Id you nave 
improved the experiment? 
What else cou Id you have 
measured or changed? 

Design an investigation to see how 
the independent variable affects 
the dependent variable. Which 
variabfes wil I you need to keep the 
same (controHed variables)7Which 
variabtes wil I you need t o keep the 
same (controlled variables)? 

• Figure 2.27 The inves,tigatjon cyd,e 

.2 What chemkal processes support life? 

I 

Start your inquiry here 

Brainstorm a list of 
all the variabJes that 
may affect the 
independent variable 
you have identified. 

Discuss yo1.Jr Ii~ 
with you,r teacner, 
and choose one 
variable that you 
cou·ld easily measure 
(the dependent 
variable) using the 
equipment you have 
at school. 

How wilr tbe de pendent variable 
be affected by the i ,,, dependent 
variabl·e? Write a hypothesis 
a boat how the dependent 
variable will change. VVhat do 
you expect to happen? 

0 
scientjfic method Th,e use 
of c,ontreililed observatjons 
and measurem,ents to, test a 
hy pothesJ s. 

varjable A factor thait is being 

dhanged, inve·stigated, or kept the 
samie in an 1nvest~gatron. 

independent variable The 
variable that ~s b e,,ng eh angred 1n 
an ~ nvesttgiadon. 

dependent variable The 
varidlb,e that ~s being measured ~n 
an investigation. 

hypothesis An untested 
proposa~ that can be invest1gated 
using the 'Scientific method. 

controlled variables These .are 

variables are kept the same ~n .an 
~nvestiigati1on. At least three should 

be ~isted., and ~nformation about 
how they w1i II be k:ept the sam-e 
~nduded. 

controlled Method 1hat uses 
controlled varia bi,es. 

accuracy How dose to the true 
vafue a result is. 

precision The numb err of 
significant d~gi~ts to whidh a vaJue 
can been reljablry measured. For 
exarnp!,e, jf a d1gjtal th ermom,eter 

can measure to two dedma1I 
p,aic,es,, thi1s is the pre,ois,on of data1 
that can be recorded. 



ACTIVITY: Investigating the effect of 
enzyme concentration on rate of r1eaction 

This experiment investigates the effect of neutrase concentration on the 
breakdown of a protein in milk called casein. 

Background 

Powdered milk contains a protein called casein. When powdered milk is 

dissolved in water to make a solution, this protein in suspension makes the 

solution opaque (you can't see through it). In this investigation you will add 
different concentrations of a protease enzyme (breaks down protein) cal led 
neutrase to a powdered milk solution and time how long it takes for the milk 
solution to clear. 

Materials 
• 5°/o neutrase solution 
• 2°/o powdered milk so lution 
• 5 ml syringes, 50 ml measuring cyilinder 
• 3 x 100ml beakers 
• stop-,l1ock 
• paper with penci I crosses marked on 

Hypothesis 

Formulate and exp]ain a testable hypothesis using correct scientific 
. 

reasoning. 

Method 
1 Work in pa its. Put on your safety glasses. 
2 Place a piece of paper with a pencil cross drawn on it on the ,bench and 

put a 100ml bealker on top .. 
3 Usi·ng a 5 ml syring.e add s·ml of 5°Jo neutrase so.lution to the beaker. 
4 Using a measuring cylinder add 25 ml of 2°/o powdered milk solution to 

the beaker. Pour the mi Ilk rapidly into the beaker to ensure the ·milk and 
neutrase mix well .. 

5 As soon as you have added the .m:il.k so·tution start the stop-clock. 
6 looking from above, stop the clock at the m ome·nt you can see the cross 

through the m.itk. 
7 Record the t :ime taken iin your table. 
8 Usi,,ng the i.nformation in the tabJe opposite make up the other 

concentrations of neutrase solution (4'0/o, 3°/o, 210/o and 1'0.fo) and repeat the 
experiment at each different enzyme concentration. 

9 Repeat the entire experiment twice again (at aU five enzyme 
co nee ntrati'ons). 
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10 Once you have correctl1y c.ollected, organized, transform1ed and 
pres,ented your data in a table, plot a graph of your mean results. 
Make sure you have: 
• a suitabfe title 
• a suitabl'e scare on both axes 
• both axes l:abelled (induding unirts) 
• poi'nts accuratefy plotted 
• points jojned together in the most suitabl1e manner. 

11 Apply a Une of best fit to your mean data. 

How to make the different neutrase concentrations: 

' Desired n eutr ase 
concentration/% 

5 

4 

3 

2 

1 

How much 5% neutrase 
solution do I need7/ml 

5 

4 

3 

2 

1 

0 

1 

2 

3 

4 

Safety: Wear eye protection at all times and wash your hands after 
handling the neutrase solution. 

For the results of an investigation to be valid, variables other than 
the independent and dependent variables need to be controlled, 
the experiment should be repeated to improve reliability, and the 
experimental method should be appropriate for the research question. 

Questions and assessment 
• What were your independent,, dependent and control variables? 
• What were the values of your dependent va'tiable7 
• How did you enisure the reliability of the experiment? 
• Accurately int1erpret your data and explain your results using corr-ect 

scientific reasoning. 
• Evaluate the val,idity of the hypothesis based on the outcom.e of the 

investigation. 
• Evaluate the validity of the method based on the outcome of the 

invest i g.ati an .. 
• What was the main hazard in the experiment and how did you eliminate 

this hazard? 
• Expla1in improvements or exte.nsiions to the method that would benefit 

the investigation. 

+ Assessment opportunities 

.2 What chemkal processes support life? 



ACTIVITY: Investigating the 
1effect of temperature on rate of 
reaction 

ATL 

• Crit~cal~thi nkin~;rskills:; lnterpret ;data 

This experiment investigates the effect of temperature 
on the expansion of dough. 

Information 
• Yeast 1is a sing.le-celled fungus, a type of micro­

organism. 
• When it is short of oxygen yeast breaks down glucose 

in anaerobic respi rat1io1n to release e·n.ergy, carbon 
d.i:oxi.de and ethanoJ. (Try to smel I this.) 

• Respiration is controlled by enzymes. 
• The yeast suspension contains yeast and glucose. 
• The carbon dioxide given off forms bubbles which 

make the dough rise. 
• Y'uur paste ·wil I be runny. 
• You wi II carry out the experiment at 20,, 30, 40., 50, 60 

and 70 °C. 

Safety: Do not carry out the experiment if you are 

allergic to yeast. Take care when using the water baths 

at temperatures 50, 60 and 70°C as hot water can scald. 

1 

Take a beaker 
and weigh out 
25 g of flour. Make up a 

s·u spen S1ion of ye a st 
a-nd add a s ug1a r 
so~utio n. Usin-g a 
measuring cylinde,r, 
add SO c m3 of yeast 
su s pen s,ion to the 
flour and stir well 
until you 1have a 
smooth paste. 

• F'i,gure 2 .•. 28 Sett1in9 up the· yeast experi1me,nt 

Hypothesis 

1Formul1ate and explain a testable hypothesis using 
correct scientific reasoning. 

1Questions and assessment 
• What made the dough rise? 
• Describe the effect of temperature on the volume of 

dough produced. 
• Ac,curately interpret you1r data and expl,ain your 

results using correct scientific reasoning1
• 

• Evaluate the validity of the hy1Pothesis based on the 
outcome of the investigation. 

• Ev·aluate the validity of the method based on the 
outcome of the investigation. 

• Explain improvements or extensions to the method 
that would benefit the jnvestigat1io1n. 

+ Assessment opportunities 

EXTENSION 
1 Why can the yeast cell s use sugar but not 

flour as food? 

2 What do yeast cell s produce that enables 
them to use the sugar? 

3 Why is yeast used in bread making? 

Pou r 25 cm1 of your 
ru nny paste i·nto a 
large glass me,asuring 
cyli1nder. P~ace ,in the 
correct water ba,th. 
noting the ti,me. 
After 30 m1in urtes 
record the volume of 
t he dough. 
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ACTIVITY: Enzyme 
poster 

ATL 

1111 ·:.torrfrnuriicafihri skills: ;'. 
. • t. , , . 

·Mak~· eff~ctiy~~ sun1mary· 
··hbf~·s;··ofganize .a'nd .. depict· 
:i nforrnati9n. lQgi~ally. 

Your task is to produce a poster 
about enzymes. 

Points to cover: 
• What type of biological molec1ul1e. 

are enzymes made of? 
• Are an e·nzymes the same sha p-e? 

If not, why not? (Think about 
what you know about the type 
of bio,logica[ molecule they are 
made from.) 

• What 1is s:pecial about enzymes 
(e.g. what piroperties do they 
have)? (They are known as 
biologi(al catalysts - what does 
this mean?) 

• Why is the shape of atn enzyme 
im,portant? 

• What is the ' tock-and-key' 
hypothesis? A diagra·m1 may help 
you to describe this ... 

Words to use: enzyme, substrate, 
enzyme-substrate complex, 
products, active site. 

• What factors affect how well 
(or badly) enzymes work? There 
are two majn factors for you to 
describe. 

• How are enzymes used. in 
respi,rati,on and photosynthesis? 

• Can you find out anything else 
about e1nzym,es? (For example,, 
enzymes of d.igestion.) 

• Make sure you 1explain how the 
.structure of enzymes relates to 

their function . 

.2 What chemkal processes support life? 

Enzym@ pjcture bank 
Use these diagrams to help you make your poster: 

Enzyme 

Substrate 

Enzyme 

Sal,ivary · 
amy lase 

Pepsfn 

Acidic pH 

En zym e-s u b strate 
comp I.ex 

,--Arginase 

10 11 12 
Basic. 

• !Figure 2.29 Enzyme pkture bank 

EXTENSION 

ll nchanged enzyme 

10 

Optimum 
temperature 

20 30 40 0 
Temperature (°C} 

Certain chemicals can in hi bit the action of enzymes. There a re two 
types - competitive inhibitors and non-competitive inhibitors. Find 

out about these different types of inhibitors: des(ribe and explai,n 

how they work and then add notes about them to your en.zyme 
poster. 

+ Assessment opportunities , 
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u 

I LIF 

In Chapter 1 you explor,ed whether art,ffidal ~ife is possibl,e. Biochemical reactions 
that occur wijth~n ceUs are ieomplex and ddven by enzy1mes. Would it be poss1ible 
to replkate these che1m,kai r1eactions outside cells7 

• What do you think? !Exchange your ideas w1ith your ne,~ghbour. 

Reactlons such as respiration can be represented 1in the ~ab by burning g~ucose 

in tile presence of oxyg,en'" but this r,eleases aH the ,energiy in one go rather than 
rep~~cating the gradual and carefullly co11troH,ed release that occurs wiith~n celis. 

Chemical r1eactions can certainly be manipulated, and are lbe,ing used to meet our 
food and fue! needs. We wiU ,explore thiis further ~n the next aciivity. 

ACTIVITY: Increase the grovvth of plants 

ATL 

~ ··Org_aniza,ti~n skllls:···Plan a: l_qn_·g:-term a.$si.gnment 

Global food production will need to increase by more than 

50 per cent before 2050 to meet the food and fuel demands 

of an increasing population. Are there ways of improving 

photosynthesis to increase crop yjeJds? In Chapter 11 we 

will explore how DNA can be modified and exchanged 

between different s pee ies - it is possi bi e that genetic 
modification can be used to improve crop yield. But would 
such changes be allowed - what do you think? 

Currently, crop yield can be improved by using 

greenhouses. Using your knowledge of photosynthesis 

and enzymes, how can the rate of glucose production in 

plants be increased? What variables could be changed/ 

increased? 

• Figure 2.,30 Tomatoes be~ng grown ~n a gre,enhouse 

In th is activity you need to plan an experiment to 

investigate how to increase the growth of a plant, and 

then carry out an experiment to test your hypothesis. 
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1 Plan an experiment to change one variable to 
invest i g.ate 'its effe et on plant growth. 

2 Explain the question1 to be tested in the investigatio,n,4 
3 Which spedes of ptant wi'II youi use? 
4 Formulate and explain a testable h·ypothesis using 

correct scientific reasoning~ 
5 Decide how you will change your independent 

variable. 
6 How will you measure the plant growth? 
7 Ex.plain how to 1manipulate the variab1les, and expl,ain 

how sufficient, relevant data wll I be col1lected. 
8 Design a logical, com,plete and safe method in which 

you seh~ct appropriate materja Is and equi,pment. 
Now carry out the experiment. Think about how you will 

record your resu Its . 

.2 What chemkal processes support life? 

DISCUSS 
Discuss within a small group this question: 

• How can the (envi,ronmen.tallsoci,al) coinsequences 
of man.ipu lati ng chemi.,al reactions to so live our 
food and energy problems be justified? 

SUMMARY REFLECTION 
• What have you learnt 'in this chapter about how 

the systems of life are supported by bi,ochem ica·1 
reactions? 

• What are the transformations of energy that 
,occur within cells? 

• What are enzymes and how do they work1 What is 
meant by 'optimal conditions' for enz·ymes? 

• How can ,innovations i·n science read to biochemical 
reactions being utilized to meet growi·n·g' energy 
and food needs? 

• What have you learnt about you:rse,lf as an inquirer: 
how you nurture curiosity, and develop skills ·fo·r 
i·nquiry and research? 

9 Correctly coflect, organize and present your data. 
10 Accurately interpret your data and explain the resu 1lts 

usi·ng correct scientific reasoning. 
11 Evaluate the validity of the hypothesis based on the 

outcome of the experiment. 
12 Evaluate the validity of the method based on the 

outcome of the ex:p,eriment. 
13 Ex,plain the improvements o.r extensions to the 

method that would benefit the investig1ation. 

I + Assessment opportunities 



Biology for the I B MYP 4& 5: by Concept 



E U L 
T T 
Use thes,e problems to apply and extend your leairn~ng in 
this chapter. Thes,e problems are designed so that you can 
evalluate your ~,earn~ng at d~fferent leve~s of achjev1ement in 

Criterion A: Kn owi,edge a 11 d u 11 dersta nd ing. 

THESE PROBLEMS CAN IBE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 1- 2 

State fue chemical equation for photosynthesis. 

State ~he .clhem~cail equation for aerobic r,espiration. 
c What do you n o,tjce about the equ aition s f.or 

photosynthesis and a,erobic respiration? 

An exper~ment jnv,estigiated combust ion by burning 
glucos,e inside a glass cylinder c,onta~ning oxygen. 

• Fi1g ure 2 .. 32. Burning gilucose 

Suggest what products wrn be coUected Jns1ide the 
g~ass cyH n der. 
Suggest what would happen if a hi1gher 
concentr,a1tion of oxygen was. used inside the glass 
cylinder. 

Give two sim ilari1ti,es and one ditfer,ence, betw,een 
combusti1on (shown in Rgure 2.32) and respiration. 

3 Outl1ine reasons why an~mals need to eat food, whereas 

plants do not. 

.2 What chemkal processes support life? 

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 3- 4 

Figure 2.33 shows, a variegated 1geranium leaf that has 
been destarched. A b,ack strip of paper covers part of 
the 11eaf and the ~e·af ~s then exp,osed to tight. The leaf is 
te,sted for stairch. 

Whkh parts of the piant re.suit ~n a pos~tive test for 

starch and whkh do not? Justify your answer using 
your knowledge of photosynthesis. 
'Sugg1est why the plant was destardl,ed before the 
expe,rim,ent. 

Black pa.per ~ -_,,,, 
{on both sides of leaf) 

...,__ __ Edg.e of l:eaf 
lacks chloro·phyll 

• Figure 2.33 Photosynthesis experi:ment. Before the 
,experiment the plant had been put 1in a dark roorm for 
two weeks to destarch the plant {i.e. ensure that the 
leaves did not contain starch) 

C.atalase is an enzynle that occurs naturallly 1in ,cells. 

It breaks down hydrog,en p,eroxi de into water and 

oxygen: 
2H20 2 .....:, 2H20 + 0 2 

The rate of react~on can be measured by m,easurJ11g the 
volum,e of oxygen produc,ed per m1inute. Figure 2.34 

ovedeaif shows. the experiment a 11d daita that were 
collected. 

Describe the effect of tim1e on the vo~ume of OiX:Ygen 
produced. 
The rate of reaction can be measured using the slope 
of the ,curve- the ste1eper the curve, the f,aster the 
rate of reaction. Suggest why the, rate of rea,cbon 
s~ows .as, time increases. 



The test: tube is tipped up 
to mjx the enzyme sol1u"bion 
with the substrate 

Catalase - ---------:~~--.!E=' 
so~ution 

Hydrogen- ­
peroxide 
sol.u.ticm 
(10 voh.Jme) 

The rate of an ·enzyme 
reactto n is greatest at the 
rtart, the initial rate. 

30 

C 25 
(V 

~ 
S 20 
0 
tV 
E 15 
:II -0 
~ 10 

5 

60 120 180 

Tlme/s 

De,l,ivery tube 

..---- Oxygen produced, 
15;-~-, col l:ected by down\vard 

240 

0 

0 

0 

IRes u Its p I otted 

300 

disp1acement of \\tater 
in an inverted 
m~asuring cylind~r 

,R~corded 

Gas volume 
Tlme/s col I ected/cmi 

30 '6 

60 12 

90 16 

120 19 

1· 50 2.2 

180 23 

210 24 

240 25 

270 25.S 

300 .26 

• Figure 2.34 Measuring the rate of reaction using catalase 
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRlTERION A TO LEVEL 5- 6 

Coral reef is one ,of the most extenS,We ecosystems on 
Earth (Figure 2.35). It 1is made by .srmalll animals caUed 
p,o~yps tha1t secrete ia hard skeleton of caldum .carbonate 
for protection. lns~de the ain~mals 1many mi,aroscopic 

algae l~v,e - these· protoctists contaln colourfiul pigm,ents 
that aHow the· algae to photosynthes1ize (Figur,e 2.36). 

• Figure 2 .. 35 C,oral reef 

• Figure 2.36 Coral polY1PS containing orange algae 

.2 What chemkal processes support life? 

Sugges,t how the polyp animal benefits from having 

algae lii~ing jnside its body. 
b Coral bl,eaching occurs when the ail9ae leave the 

pollyp animal5,, and the coral turns whit,e. ,Global 
warming is ~ncreasing the te,mperature of the oceans 
where the coral is found, and increagng the depth ,of 

the water. Suggest why these factors iead to coral 
ble:achi n g. 

1 Amylase is an enzyme found in your saliva. It digests 

starch into maftose. 

A series of water baths w,ere set up in t he lab at 10, 
20, 30, 40 and 50°C. Two test tubes, containing Scrn3 of 
starch and 1 cm3 of amylas,e resp,ectively, were heated ~n 
each water for S minutes. When the starch and am1ylase 

had reached the correct temperature, the starch .and 

am1ylase were mixed to-g1e1her and a stopwatdh started. 
After one minutes one drop ,of fue reaction mixture was 

added to jodjne on a spotting Uie to test for the presence 

of starch. If starch were prese,nt, the reaction mixture 
turned blue/black. When 1he iodine no !longer changed 
colour (j,,e. no starch present) the t~me wa1s recorded. 
The resullts of the expedm,ent are shown below. 

30°c 

No digeS"tion 5 minutes 

1 2 m,in ·utes 

8 mi,nutes 10 minutes 

• fjgure 2.37 Spotting tlHes us,ed to measure how 
quickly amylase digests starch to maltose ai different 
temperatures 



o-\-...........,..----~--~ ----~ --
10 20 30 40 

Ternperature/OC 

• f igure 2.,38 Results showing the e,ffect of 
temperatur~ on the rat~ of d~giest~on of starch by 
amylase 

Explain the effect of temperatur,e on the rate of 

react~on £hown in Figur,e 2.38. 

Explain how the experim,ent cou,d have been made 

mor,e reU a bl,e. 
'State three vari1ables that should be kept constant 
in this experi men1. 

"i Expl:ain why thes,e variabll,es should be kept 
constant 

Evaluate the exper~ment and expilain how 1he 
results oouldl have been made rmore accurate. 

TH,15 PROBLEM CAN BE USED TO EVALUATE YOUR 
LEARNING IN CIRITERION A TO LEVEL 7- 8 

An exp,eri1ment was carried out to m,easure the effeiet of 
light intensity on rate of photosynthesis. The fo,!,owing 
equipment was uSJed. 

, ___ _, Ooo ..........._. __ ~ 

00 
0 

0 

0 

---Pond water 

• Flgure 2.39 Experiment to measure, the ,effect of lright 
intens~ty on rate 1of photosynthesis 

Th,e rate of photosynthesis was m,easur,ed by countingi 

the number of bubbles of oxyg,en produced per minute, 
and fight intensity was var1ied by putting the lamp at 
d~fferient distances from the pondweed. 

Evaluate the method and c,o,m:ment on how the 
experiment could be ~mpro,ved to produc,e more 

accurate results. 
Three separate experiments were carried out wjth three 

diff er,ent con centrabon5 of carbon dioxide in the water. 
Data are shown in Hgure 2 .40. 

Analyse the graph and then answer the foH,owing 
quest1ions. 

4 
4 
4 
I 
I 
I 
I 
I 

~ 0. 09 o/o C02 

0.04o/o C02 

Light intensity---------

• Figure 2~40 The effect of ~1ght intensity and carbon 
dioxide concentration on rate of phoitosynthes~s 

'State the factor that limits the rate, of photosyn~hesis 
betw,een light intensity o and points A, Band C. 
Exp,Jain your answer. 
'State the factor that limits the rate of photosynthesis 
from points A, Band C onwards for e,ach ,graph. 
Explain your answers. 
Explain why the rate of photosynthes~s rincreases 

f rom 0.04o/o through to 0 .14% carbon diox~de. 
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In this chapter we have l1earnt about how the system1s of Ufe are supported by 
biochem~cai reacttons, and the transf1ormations ,of energy that occur within ceUs. 
We have seen how enzymes work and exp,ained what is m1eant by 1optima1i 
conditions' for chemkal reactions in (jells. We have exp~ored how innovabons irn 
science can le.ad to biochemical reactions being utilized to meet growing energy 
and food needs. We have 1,earint about our role as an inquirer, and how to nurture 

currrosity and deve~op ski II s for inquiry and research. 

~fi~Uili'i'.'! t:l:'l;:n .. ;1,i'.(:iil;:J".~IO;,il"r:~yi•1i1;.;.i;~,,.J r~i11 n1,~iu,~·.i..1 l~mJU•1c:.iai -

Ques1ions we asked Answ,ers we found 
Factua l: \Mha:t aire some chemiica~ rea,ctjons \Nhj,dh occur ins1de, 
c,eHs7 What ,occurs 1in the· process of cellliularr respjratton7 What 
occurs ~n the process of photosynthesis? What factors are needed 
for photosynthesis? How can the rate of photosynthesis be 
meas.ured7 What are enzymes and how do ·they work? How do 
chemkal and physkal reactions in cellls determine the surViival of 
org anj·sm s 7 

Conceptua l: Why aire ,enzymes needed? Why do, som1e or,ganisms 
n,eed to feed tl1emse~ves whereas others do not? Cain the chemicaill 
re·a,ct~ons of li~e occur outside ceUs? Can b~ochemkal reacti1ons be 
re~ ica·ted 1i n the l1a b 7 

Deb atable: Should chemkat reactions be 1manipulated i1n order to 
1m1eet our food and 1uell needs? 

ApproachesJto ~earning you used irn this chapter De5cr~ptlon - what new ski llJs 
d~d you llearn7 

Cri tica l-thinking s kills 

O rganizatio n skills 

Informat io n I iteracy skil Is 

Communication skills 

Self-ma nageme nt s kills 

I 
Any further quest~ons now? -

How well did you rmaster the 
skiUs? 

a1 
.... a 

.~ ~ ·.= i ·-
> ... -g 
0 fB it .... :z ....;;J c.. L.!.J 

Learner profite attrribute(s) How d~d you demonstrate your slktlls .as an ~nquirer in this. 
,chapter? 

Inq ui rer 

.2 What chemkal processes support life? 



'Systems 

CONSIDER AND ANSWER THESE 
QUESTIONS: 

Factual: What nutrients do organisms need to survive? 

What occurs during the pr1ocess of digestion? What 
occurs du ring the process of gas exchange? How are 
substances transported around an organism? How do 

substances move in and out of ce!is? What are diffusion, 
osrnos.is and active transport? What is homeostasis? 

How do elements essential for I ife cycle between the 
environment and organisms? 

Conceptual: What processes are ijnvoived in movement 

and transport? Why do the conditions within organisms 
need tn be kept in balance? 

Debatable: Should people use drugs to try to control 

their weight? 

Now share and compare your thoughts and ideas w~th 
your partner, or with the whole class. 

• Figure 3 .. 1 A ba~anced diet ~s 
needed to sustain a healthy body 

IN THIS CHAPTER, WE WILL ... 
F1i·nd out: 
• how 1he body can achieve a ba!anced diet: 

• whether people shoulld use drug1s to ieontrol their 
weight. 

Expfore how food reaches the ceUs in our bod~es 
after jt has been ,eaten. 

Take action by campaigningi to promote healthy 
eating in our local co1mmunity. 

balanced diet nut riti o na I 

concentration gradient oxygenated 

cycle homeostatic vessel 

deoxygenated molecule 
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These Approaches to Learning (ATL) 
skills wiU be useful ... 

• ·critical-thi nkihg·skills 

• :Creative-1:hinkin~ :.skills 

• ·Communication skills 

• Transfer skills .. ·. ~ ·. . . ·. . .. 

• .I nf9rmation literacy:SkiUs 

~ ·collabor~t'ion ski lls 

Consider the food you eat 011 .a daily basis. Do you thijnk 
about why you eat or what the meals you eat (your diet) 

contai1n? To maintai1n a healthy body there are certain types 

of food that you need to eat 

• Figure 3 .. 2. A baiianced diet 

3 How do org1anisms sustain t1hemse~es? 

THINK- PAIR- SHARE 
Think about the types of food that you need to eat 
to maintain a healthy body. They can be divided into 
seven groups - think what they are. What are these 
different food groups needed for in the body? Now 

share and discuss your ideas with your neighbour. 

ACTIVITY: Your daily intake 
You can keep track of your daily intake of nutrients 

using these onli ne resources: 

Phone a p1ps: 

www.fooducate.com 

www .s ho pwe II. co m/m o b ii ea pp 

Ontine softwaire: 

www.supertracker. usda .govldef au It.a px 

www.supertracker.usda.gov/.foodtracker.aspx 

These programs can be used to track all aspects of the 

food you eat. You can use them to keep a record of the 

food you eat and to analyse its nutritional content. 

Are you eating a balanced diet? You can use them to 
compare your daily intake to the recommended intake. 
Use one of these programs to explore the nutrients you 

eat over the current week. 

• Keep a d1iary of the meals you eat each day. Do this 
for a week. 

• Use the software to analyse the nutritiona1 
contents of each meal -the amo'Unt of 
carbohydrate, protein, lipid, vi'tami,ns and minerals. 

• Use the software to calculate the q"uantity of 
ene1rgy you are consuming each day, and ove'r the 
course of a week. 

The estimated a1vera1ge daily requ ireme1nts for 
energy are: 
o Males, 15- 18 ye airs 11 510 kJ 
a Females, 15- 18 years 8 830 kJl 

• As a consequence of your cakulat1io:n ot jntake of 
essential nutrje1nts 0 1n a typicall day, an.alys.e and 
comment on how approp.riate your think your diet 
is, and why. 

How can diet be affected by personal and cultural 
choices? Choose a couple of countries/religions/cultures 
to explore the diet (restrictions and requirements) and 

to compare and contrast the effect of these on the 

nutritional content. 



u 

T 
I 

IVE? 

T IENT 0 
EEDT 

From the starter activiity you wm have found that the 
foUow~ng are needed for a balanced diet: 
• Carbohydrates (or sugars) - for energy. 

• Proteins - heJp your body repair ce·ils and make new 

ones. 
• Fats (also known as lipids}- stor,e of energy; 1insulat,on. 

• Minerals ~elem1ents such as ~r,on - to, make hemroglobin 

in blood, and reaiidum - to make bone). 
• Vitamins - chemicals that ensure cel lls function 

properly, for exa1mplle vitamins C and D. 
• Fib re - helps tran sjt of food through the gut (so,~ ubl,e 

fibre lowers cholesterol). 

• W ater~ about 80o/o of your body ~s w.ater. You ne,ed 

to regularly dnnk water to ,ensure processes in the body 
are functioning properly .and you rema~n hydrated. 

Molecules c,ontained in your food aire either large {caUed 
macromolecules, made from combjnang sm1ali,er units 
together), or the indhAdual units themseives. The bigg,er 

molecules are made from the smaHer building blocks (the 

,nd iv~dua~ units). 

Different food typ,es conta~n different el1,ements, although 

th,ey aH have carbon. hydrogen a1nd oxygen in c,om1mon. 
llhi1s se,ction is a sum1m1ary of each of the three main food 
groups and what each is 1made from. 

Carbohydra,tes 

• Elements: carbon, hydrogen and oxygen. 
• Smallest unit: molecules such .as gllucose (a simple1 

sugar, m,ea n ing h ,s made of one unit). G I uco se 
contai1ns six carbons and so ,cain be drawn, for si1mpUdty, 
as .a1 hexagon. 

• Macromole,cufe: starch, for ,example, ~s a 
macromoleculle that is made from many units of 

g1iucose combined together. 10ther macromolecules 

~ncllude celiu~ose and 1glycog,en. 

• Figure 3' .. 3 Starch is made from many gllucose units 

Proteins 

• E~ements: carbon, hydrogen, oxy9en and nitrogen 
(some contain sulfur). 

Smail,est unit: amino acids. There are 20 different 
am~no adds in your diet - y,our body can make some of 

them but the majorilty must be conta~ned ~n your diet 
• Macrom1oleoul,e: prot,e1in molecules ar,e made from many 

·(up to thousands) of am~no adds. The sequence of 
am~no adds ,O ;e. the types. of a1m~no acid and the order 
1n which they are Joined 1ogether) det1ermines the shape 
and pr operti,es of the protein. 
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Polypept1de eh ai n 

Amino adds 

Ala: Alan ine 
Arg: Argtnine 
Asn: Asparagine 
Asp: As1partic acid 
Cys~ Cystetne 
Gin~ G lutamine 
G[u~ G lutamk add 

His: ~'istidi,ne 
lle: lso lerucine 
Leu: Leucine 
Lys: lysine 
Met: M1ethionlne 
Phe: Phenylalanine 
Pro: Praline 

Ser.: Serin,e 
Thr: Threonine 
Trp: Tryptophane 
T yr. Tyrros i ne 
Val; Valrine 

• Figure 3 .. 4 Proteins ,are made from longi cha~ns of am~no 
adds. Ther,e are 20 djfferent a1mi1no, ,adds - the structure 
and function of the protein depends 011 the a1miino adds 
it is made fro,m and the order in which they are put 
together 

Lipid's 

• Elements: carbon, hydrogen and oxygien. 

• Sm,aUes.t un~ts: glycerol. and thr,ee fatty acids (long 
chains of carbon ,and hydrogen). 

• Macromo~ecu,e: the ,g1lycerol molecul,e ~s combined with 
1hre,e f,atty adds to 1make the fat molecule. Fatty adds 
can be saturated or unsaturated. In unsaturated 
fatty adds some of the carbons are joined by doub~e 

bonds, igivjng a bend in the chain, whereas in saturated 
fatty acids aH the carbons are comb~ned wi1th hydrogen 
ato,ms,. Saturated and unsaturated fatty acids have 
different propert1ies. 

In add~tion to 1hese three main f,ood groups., your diet 
shoulldl also contain minerals (elements such as iron for 

your blood) and vitamiins. V~tam!,ns are onlly needed in 

tiny amounts, but wjthout them your body would not 
function prop,erlry. 

3 How do org1anisms sustain t1hemse~es? 

Glycerol Fatty adds 

H 0 H H H H H H H H H H H H H H H 

H-t--0. ~-~-t-!-t-J- t-J .... !-t-t-.t-t-t-t-t-!-H 
I i I I I ~ i ~ ~ ~ I I ~ A A H H H H H H 

0 H H H M H H H H H H H H M H M 

H-·• ---0 ~-t-!-t----J-t-l-!-~-t-t-!-t~t-!-t-M 
A ~ ~ A A A i A A A A ~ ~ l l 

0 H H H H H H H H H k 

H- -C--0 -~-t-!-J---1-t-t-!_J_!~' & 

A ~ i ~ ~~~i ~ 'r:/& H H 

4"{ ! j 4)- - - H 

I~ ~ 

• Figure 3.5 Lipids are made from g~yce,ro,i and 
three fatty acids 

ACTIVITY: Which vitamins and 
minerals do vve ne,ed and vvhy? 

ATL 

• info.:r·rn-atioi, ,lifera_cy.skills: Access· inforriiatidn :.fo .. · 
be inf6rmed:a,td·1irif.or·m others 

• ·cq,la. bora~.ion ·s~ills:-Woik:coU~porat.iv~I.Y, tn t~ams 

In this activity you need to work in small groups to 

find out about vitamins and minerals. 

• Dedde which vitamins. or m,inerals you want to 
research . You must: 
o fi nd out about the source of the vitam in or 

minera l 
o find out t he function of the v itamin or m ineral 
o explain the roJe 011 the vitam.in or m,ineral in 

the body. 
• ·Once the resea·rch has been earned out, summarize 

the results hn a poster or other format so that the 
:rest of the class can1 see what you have found. 

+ Assessment opportunities 



llhe vitamins you need, and sourc,es of eadh, and why you need them, are 

summ.adzed in the follow~ng1 table. 

• Ta ble 3~·1 Vita1mi11s needed as part of a ba~anced diet 

A 

D 

E 

K 

B j 

Bs 

fojtc add 

H (bio1jn} 

Ftsh lriver oUs; animal iliiv,er, 
made ~ n body from ·C:a rotene 

Fish ljver oi~s. butte~ eigg y,o,lk., 
made jn the body by action of 
sun~~ght 

Piant ,oils 

Dark gireen lea,fy v,egetabllesl 
made by bacteria of ,g1ut 

W ide~ occurr~ng 

Meat, y·e.ast extract, potatoes, 
m.ade from, ttle amino add 
tf)fptophan 

W~dely occu rr~ng 

Mea1. fish, eg,gs. some· 
veg.e·ta b1l,es 

Liver, yeast, not found in 
p~ant:s 

Uv,er, white fish, raw ~eat 
v,eg~·ta bh~s 

Uve-r, yeast, 1egig white, made 
by bacterri a ~in the h urman gut 

C (ascorbirc Po1a1oes, gireen veigetables, 
add} fru ~1:s 

-----------

{~· .. !I;,"~: • - - • 

... f-~ .. ~,~ l_OJ) ; 

Requmred ·for no,rmal immune system 
i u nct~on and for pmducti on o'f c,e~ Is tn 
t he ret~na of the eye 

Needed for the absorptrion of callcium ~n 
the body 

Anti,o~idant 

Needed fo:r bl,ood dottirng 

Needed fo:r an enzyme used io 
r,es p~ r at1ion 

Needed for an enzym.e us,ed ~n 
re sp~ r at;on 

Needed to rn.ake enzymes. ,nvoliVed ~in 

r,e s p1i r atrion 

Needed t,o m.alke an enzyme invoived rin 
resp~ r at~on 

Needed to make an enzyme 1nvdv,ed in 
the· formation 01 aim; no adds 

Needed to rn.ake an enzyme involve-d 
with ,ce111 d~v~sion; for ne,rve· iunction1 

Needed to make an enzyme involved ~n 
DNA replkati1on 

Used ·to make, an enzyme jnvolved with 
meta bolk reactions 

Used to rmake an enz~mies needed for 
pro1@1n m,etabolli.sm; involved in iron 
. a bsor1J'trio n 

About 15 minera~s are known to be essentrral for a healthy body (lable 3.2). 

They are obtained from food sources where they a re present in low concentrations. 

• Table 3 .. 2 Minerals needed as part 
of a balanced diet 

Cak1iu1m 0.'9 g 
-

Phosphorus 1.5g 

Potass~um 3.2g 

Sodium .3.491 

Chlor~de 5.2g 

Magnesium 0.3g 

Iron 14.0mg 

Z~nc 11 .4m,g 

Flluor1de 1.82mg 

Copper 1.63m1g 

Saen~um 0.06m1g 

Iodine 0.024m,g 

Mangianese 5.0mg 

Chr,o,mjum 0.09m1g 

Cobai1t 0.3·mg 

Examples of why m inera lis are needed 
by the body: 

Pho·sphorus js needed in the 
production of DNA and ae! I 

membranes. 

• Caldum 1is needed for he,a~thy 
teeth and bones. 

• Sodium and ch~oride ions are us,ed 
in the control of 1he compos1t1on 
of body ft ui ds . 

• Iron is needed to make 

hemo,g lob in - the oxygen-ca1rryin9 

molecule in r,ed blood ce Hs. 
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ACTIVITY: Food tests 

ATL 

• cri-~fc.~f:th!n~~n·g sk~lls: __ ln~·~rpret ~~ta 

Food can be tested for carbohydrates, protein and lipids, 

using the following food tests. 

Testing for starch (a complex carbohydrate) 
lodin~ 

Red/brown --------.- Bl!utYb~ack 

i 
Fe\lV drops ----­
iodine 

Substan.ce 
to test 

• • 

• Figurre 3 .. 6 Starch test 

BI u elb1lac k 
co·lour 

A blue/black 
colour means 
starch is present. 

Testing for glucose (a simple carbohydrate) 

Benedict's 
BI ue ---------- Orangeibrown 

Blu~ 
Benedict's --+­
reagent 

S0l1ution ---­
to test 

Heat 

A orange/brown 
colour means that 
glucose is present. 

Orangelbrovvn 
co1lour 

• Fi1g u·re 3~ 7 Test for glucose - ,a si1mple sugar. A water 
ba1th set at 70°C can be used to heat the sotuti1on 

DISCUSS 
Discuss in a small group what you have learnt about 

the nutrients organis·ms need to survive. What are 

macromolecules? What are the building blocks of 
macromolecules? 

3 How do org1anisms sustain t1hemse~es? 

Testing for prote in 

1Bi·uret 
Blue-------__... Purpl·eJ1iilac 

Na OH 
snd --~ 
CuS04 

Solution - ~ 
to test 

• Fiigure 3.8 Test for prote~n 

Testing for Upids 

A purple'lilac 
colour means that 

• I 

protein 1s present. 

.P wrp le/I j. 'lac 
colour 

A simple test for I ipid is to put a little of your sample 
onto a piece of paper. If it leaves a greasy mark when it 
is dry, lipid is present. 

Alternatively, an emulsion test can be carried out. 
A smal I quantity of alcohol is added to the test solution -

the mixture is shaken vigorously, A milky-white emulsion 
is formed if fats are present. 

Your teacher will provide you with a 'mystery solution' 

containing at least two different food groups. Can you 

work out which groups it contains? 

Safety~ Wear eye protection. Take care with the water 

bath when carrying out the Benedict's test. Wash your 
hands at the end of the practical. 

• Ca·rry out each of the food tests on the mystery 
so]utio n and observe, the resu Its. 

• Accurately inter,pret your data and expl,ain results 
usiing correct sdentifi1c reasoning,. 

+ Assessment opportunities 

REVIEW 
• What are the seven food groups that make up a 

balanced diet? 
• What are the constituent parts o·f carbohydrates, 

lipids and proteins? 
• How do you test food ·for: 

o starch 
o glucose 

o protein 
0 lipid? 



H T OCCU 
oc S 0 

TH 
7 
• 

Large insoluble molecules in our food must be broken down 
into sman soluble ones, so that they can be absorb@d from 
our giuts into the blood and ultim.ately into ce,Hs. The process 
of digestion involves the physical (for examp~e, t,eeth) and 

ohem~cal (enzymes) br,eakdown of food. 

ACTIVITY: Mod,elling digestion in the gut Glass rods 

ATL 

• ·'<;:.ri.tical .. thinklng.s~.ill~: ~se: m.oc;lels ~o expl.Qr~-
c6:m·p1ex·&ste111s ' ' ' ' ··' 

Dialysis tubing (also known as visking tubing) can be used 

to model the digestion and absorption of foods in the 

intestine. Dialysis tube is an artificial partially permeable 
membrane made from cellulose or cellophane. 

You will need for this model: 

• 10 cm3
' of a 1°/o 

starch solution 
• 110 cm3 of a 1°/b 

amylase so lution 
• D istil'led water 

• Beaker"S 

• Test tubes 
• A 10 cm3 p·ipette 
• Dialysis tubing 
• Iod ine solution 
• Bene d.i et' s reagent 
• Water bath 

Use the dialysis tubing to model absorption of digested 
food in the intestine. You could tackle this task and 
group discussion with others in your class. 

Design an experiment to: 
• demonstrate whether a carbohydrate food item*' 

such as starch, is able to 1pass across a selectively 
permeabJe membrane 

• find out what happens when the starch is digested .. 
Can the products of digestion cross the m@mbran@ 
and i'f so w·hy'? 

Evaluate how accurate your model is in demonstrating 

how digestion and absorption happens in the gut. 

--------Visking ------­
tuhings 

Beakers 

- ---Disti lled-­
water 

• Figure 3.:9 Making a model gut 

Safety: Wear eye protection when handling iodine 

solution and Benedict's reagant. When c.arrying out 

the Benedict's test, take care when using a water bath 
to heat the solution. 

• How did you test for starch in the water surrounding 
the vis king tub ing1 

• How did you test for maltose in the beaker water'? 

+ Assessrnent opportunities 

In this activity we have used a biological model to 

demonstrate a complex system (see page 64 for an 

evaluation of models). 
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TH IN K--PUZZLE- EXPLORE 

ATL 

• ·Cr:~~~~·~~·:.tbinki_ng.skiUs: f,\pply_e;;isting . ~n·owle~"g~· ·to' ge.liefrate 'new 'idea's . . . ·. . . - ' ' ·. . ' . . 
• , I nf9rmatiop I iter~cy s~Uls::-Acc~s~,.infe>rmatipn;to·· 

be i nf.ormed · · · 

Look at the diagram of the digestive system below. 

• Fi ,gurre 3.10 The hum.an d~gesdve s.yst,em 

What do you think you know about the digestive 

system a I ready? 

What is the role of the digestive system? What do the 
various parts do and why? 

• What questions or puzz,les do you have? 
• Are there parts that you do not know about? What 

questions can you th1ink of to help you explore 
these parts further? 

• How can you explore this topic? 
• Where cou Id you find out further information to 

answer the questions you have? 

Make summary notes (for example, diagrams, I ists, 
mind maps) on what you al ready know about the 
digestive system. 

+ Assessment opportunities 

3 How do org1anisms sustain t1hemse~es? 

1Maltose 
Starch 

Prote1ns Amrno acids 

,,.,,,,. 
~,~ 

~IJ 
Fatty adds and glycerol 

Lip ids/Fats 

• Figure 3.11 The breakdown ,of food int,o sm,aHer 
mol ecu I e·s, 

The digestive system1 takes large moiecul,es and breaks. them 
down into s1maller un~ts. Figure 3.11 show·s how this is done. 
Earllier ~n this chapt,er we saw what the major food groups 
are made from - djges1ion breaks these mo~eoules down 
into the~r smalllest ,c,omponent parts. 

But how is this done? Figure 3.12 shows ho,w ,and where 
diifferent 1mdl,ecules ar,e broken down. 

Bile, produced in the liver and stor,ed in the gall bladderl 
helps to break down lip~ds through a process called 
emulsification. 

The bUe breaks down the Hp1ids into smaUer droplets so 
that Iii pa se has a larger surf ace area to act on - th ~s sp,eeds 
up the djgestion process r(Figur,e 3.13). The issue of surface 

area: volum,e ~s ,addressed in miore detail ~n Chapter 4 

(pages 94~95). 

The bile is also alk.aljne, which neutraHze,s the stoimach adds, 
e,nsuriing the enzymes in the small intestine have· the 

correct pH (pH 7-8) t,o work in. 



Mouth 
Breaks up food particles physically 
.and chemically 

Liver 
Breaks down and builds up many 
biological molecules 

Stores vitamins and iron 
Destroys old blood cells 
Destreys poisons 
Bile aids in digest1on 

Gall bi adder 
Stores and concentrates bile 

Smal I intestine 
Cempletes digestion 
M uc U$ protects gut wa 11 

Esophagus 
Transports food 

Stomach 
Stores antl churns food 
Pepsin digests protejns 

-••• ... Hydrochloric add (HCI) activates 
enzymes and k.Hls germs 

Mucus protects stomach wall 

Pan,reas ~,-+. ...... J Hormones r-egulate blood glucose levels 
- --.---- Bicarbonates neutra lize stomach acid 

Proteases sE?c reted 
Amylase secreted 
t.i pases secreted 

Absorbs nutrients, and most water ... ___ lllliiiiliiiili• 
Proteases digest proteins Large intestine 

Lipases diges t liptds 
Amylase digests stare h to maltose 
MaJtase. d1gests maltose to glucose 

Anus 
Opening for eliminatton of faeces 

-.--11 Reabsorbs some water and ions 
~orms and stores faeces 

• fi,gure 3.12 What happ,ens where in the digiestive system 

l arge tipid droplet 

Bile 

• Figure .3: .. 13 Bile emulsif~es fats, 
cr,eat~ng a ~arger surf aiee area for 
Iii p ase to1 act on 

SUMMARY REFLECTION 
• What have you l'eamt about what occurs du ring the process of digestion? 
• What new ideas or concepts have you learnt in thirs section? 

REVIEW 
• What three types of enzym.e di·.gest carbohydrates, Npfds and proteins? 
• What does amylase do? 
• What 'is the role of biile7 
• Why does fo,od have to be digested? 
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CU DU I G THE ROC OF 
H G? 

In Chapter 2 w,e saw how oxygen is needed to fuUy release energy from glucose. 
H o,w do,E?s oxygen rea,c:h the ceUs? 

WHAT MAKES YOU SAY THAT? 

ATL 

• >Cr.e'ative·~thi.11king. ~kill_s: ·At>"p·1y:exi_stin·g k'iiowledge . 
-t~ ·gen,erate·. nevi:id~as · · 

. .. '.· '• 

• . Info rm.a~gn I i1;e r~sy ~~i II s: :·. f\cc.~~s;i _nf (': rm_a.~i.o n: ~:e .p·e. 
i n'f o°f 11i"ed 

What's going on7 

Look at the diagram of the human breathing system. 

Its role is to get oxygen into the blood and remove 
carbon dioxide. The oxygen needs to be continually 
supplied for respiration in cells - without this constant 
input we would quickly die. Describe the way that the 
breathing system is adapted to its function . 

• F'i,g ure 3M 14 The hum1an breathing syste,m 

3 How do org1anisms sustain t1hemse~es? 

What do you see that makes you say that? 

Now ex'plain the features you have noted. Aim for at 

least five different adaptations. What features can 
you explain that enable the breathing system to move 
oxygen into the blood at a fast enough rate to maintain 
life processes? 

+ Assessrr1ent opportunities 

lnterc:ost.a l mus-de 

Alveoli 



ACTIVITY: Hovv does air enter 
and leave the lungs? 

ATL 

• .cr1tic~l~th'in~ing ·.s.~·~lls: Use mod;els t~ .. ~}(pl~~~: 
·comp~·ex-syst'ems 

• Tfahsfe{skil Is: Make CorfnectiOhs bet:we~'n st1bJects . 
:a~~.:· di~~1p_O,ne,~: 

Create a model of the breathing system, as follows: 
• Take a bell jar and attach a thin rubber sheet to the 

open end. 
• Fi'x a ~v' sha_ped g·lass tu be to the top of the jar and 

attach t wo ballioons to the end of the two branches. 

What is represented by: 
• the cavity of the beU jar 
• the Y-shaped tube 
• the balloons 
• the rubber sheet'.? 

Models are used to show the structure or 

workings of a system. 

The strength of models is that they are easy to 
understand and can simplify complex process. Their 
limitations are that they may be over simplified and 
miss out essential details, and be less accurate than 
the actu a I system. 

ln,halation (breathing in) 

• lntercostal muscles contract, pulUng the r1ibs. up and 
out. 

• The d iaphragm contracts a1nd moves down (flattens). 

• The volume o,f the thorax 1inareases, and so the 

pressur,e decreas,es (see F~gure 3.16), drawing air into 

the lungs. 

• The pleural membranes surround~ng the lungs and 

thoradc cavity ,ensures that the thorax is air-t~ght,, 
enabling the pressure changes to oiecur. 

--Bell jar -

Thin .rubber ---=--~ 
sheet 

• F1igu,re 3~15 A m1odel of the hu1man br,eathing s.y.stem 

Pull down on the rubber sheet -what happens and why7 

• What is missing from this model of the hum,an 
breath in Q' s·yst em? 

Air is drawn into the lungs by pressure changes in the 
thorax. 
--------------------

+ Assessment opportunities 

Negative pressure 
hreathing 

• Figure 3.,16 Inhalation 

C h,est wall lntraple,u rall 
and ri.b cage space 
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Expiration (breathing out) 

• lnte·rcostal musd,es relax, moving the ribs down and in. 

• The diaphragm re~ax,es and moves up (jnto a dom,e 
shape). 

• The vol1ume of the thorax decreases, and so the 
pressure , ncrea ses. 

• Air is forced out of the lungs. 

Venti lation ,of the lungs (breath~ng) ensures there js always 
fresh air entering the alveoli, which m1eans there is aiways 
a1 djff,erence in ,oxy,gen concentration (i.e. a concentration 
gradient) between ~he alveolar air and the blood. Carbon 
dioxJde m1oves in the opposite direction, from .a higher 
concentration ~n the blood t,o ,a ~ower ,concentration in the 

alveolar air (see Figur,e 3. 17). 

• Why ~s there mo,r,e carbon dioxide in the blood enteringi 

ihe lungs than in the a~veolar air? What has produc,ed 

1he ,carbon di1oxide?· 

• Why do large 1organ~sms ne,ed a speda1Uy adapted gas 
exchange sys.tem7 

• H,ow ls the breathing s,ystrem adapted to th~ job it 
does? 

---B'lood ,i,n 
capfll la:ry 

• Figure 3 .. ·17 Oxygen (red .arrows), diffuses ~nto the· blood 
at the .allveo~us, and carbon dtoxide diffuses from brood 
(bllue arr,ows) 

3 How do org1anisms sustain t1hemse~es? 

How does the breathing system achiev,e the follow~ngi 

th~ngs? 

• A large surface area 
• Concentration gradient (betwe,en a!ve,olar air and blood 

capillaries) 
A smaH distanc,e for diffusion 

These thre1e factors ensure that ,oxygien diffuses fast enough 
into the bllood, and carbon dioxjde out from it. 

EXTENSION: Fick's lavv 

What can you find out a bout Fick's law, and how 
it relates to the rate of d iff us ion of molecules? 

DISCUSS 
Diisc.uss with your neighbour how the human 
breathing system maximizes gas exchange. 

• Wihy does oxygen need to move into the blood? 
• By what process does oxygen move into the blood" 

and carbon diox,ide out from it? 
• Why does carbon di oxide need to be removed from 

the bl,ood. 
• Excretion is t he process by wh1ich the waste 

products of metabolic reactions in cells are 
removed from the body. Why is the remova l of C02 
an excretion process? 

• Why do we need a breathing system, whereas 
smaller organisms do not? (This will be addressed 
iin the next chapter.) 



JI T E Cl 
ST M? 

UL J RV 

Blood, Gontaining vitall nutrients and oxygen, must be carri,ed 
to each ,ceH in the body·. Large multkeUular organisms are too 
~r,ge for 1his to happen without ass,s-tance. How then does 
food trav~ from the gut, where it is digested, to the eel Is 
where it ~Si needed for rTieta bo He reactions? 

The organs of the body are composed of tissues whose 
cells are al~ve,. That m,eans they need glucose, ,oxygen and 

o1her nutr~ents to perform their vari1ous jobs. and produce 
waste in the process (see Chapter 2). 

The ce,Hs of the body nccupy fixed positions, far from 
the source of fiood, oxygen and water. Allso, the waste 

products will poi1son them if they are not removed quick!y. 
An efficient system1 is, therefore, needed to servic,e aU ceHs. 

• Figure 3.18 The human cir,cu~atory sys.tem 

ACTIVITY: DIY circulatory 
system 

. ATL 

• Creative.;.thinking ·skills: Use visual d_i~grams to 
generate: n~w.idea·~;..: ma~e·- uh_e~ecle·a: .. ,on riectibhs­
.b..e_t\l'{~~n i.~.~.as; ~ppf,r. ~xi~·iflg ~IJ.PWlep_g~ 10 
gener,ii'te:W1ew ideas:· . . 

Your task is to desi·g·n an organ system for the body that 
does the fol lowing things: 
• p.icks up oxyge·n,, glucose and other nutrieints, and 

c.ircutates them ar,o und the body 
• supp lies oxyg1en, glucose and other nutrients to the 

ceJls 
• gets rid of waste products from cells and takes them 

to areas for export out of the body. 

So you need to invent a d rculatory system! 

You need to draw a diagram of your design, and add 
labels to show how it works. 

Things to think about ... 

a) Getting oxygen into the body 
• What vessels w'ilJ piick up oxyg·en,. and where will 

they be located? 
• How thick will these vessels be? 

• What substance win they conta in to carry the 
oxygen? 

• What other featute·s of these vesse,ls will speed up 
the diffusion of oxygen into them? (Why would th,is 
be 1important?) 
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b) Getting glucose into the body 
• What vessel's wiU pick up g:lucose, a1nd where wiill they 

be focated? 
• How thick willl these vessels be? 

• What substance wiU they contai'n to carry the gl·ucose? 
WiU this be the same as the substance that ca~ries the 
oxygen? 

c) Moving glucose, oxygen and other nutrients, to 
where they are needed 
• What structure wilil pump the substances needed by 

the body to where ·they are needed? What wo u Id it 
look like, and where would it be located? We will 
explore this important organ further on pages 69-71. 

d) Vessels under high pressure 

• The o;rgan you have designed fn (c) above wiJI have 
to move the nutrients ,n,eeded by the eel Is over large 
distances (to the head and to the fu1rthest pa.rts 
of the body -hands and toes). The 11,iquid car,rying 
the nutrients will, therefore, have to be under high 
pressure g,oing away from thi.s organ. 

• What features wiH the vessels carryin,g: liquid away 
from this organ have to have to deal with this high 
ptessure7 

rhw..~ of "~~1t&fti.o~ trlAt R;titt V~tL k~!r htg ~ ~res.s ~ WO l.tLd 
~mtt t0 ~~e. 

e) Derivering the nutrients to the ceHs 
• Once the nutrients arrive at the· ceUs, how wHI the 

nutrients get into the cells? 
• What vessel1s wiU ca rry the nutrients to the cells? 

(WiU they be the same as those in (d) above - or do the 
adaptations of the vesse 1ls under h'igh pressure mean 
that they can not be used to d elive,r nutrients a II the 
way to the celfs7) 

3 How do org1anisms sustain t1hemse~es? 

f) Vessers under low pressure 
• Once the IUquid carrying the nutrients has passed 

through the tissues which need them, the liquid will 
have lost much of its ,pressure. (Thi.nk of a big river 
that has split :into lots of smiaUer ones - tlhe speed 
of the river slows down, due to fricti10,n and other 
reasons.) 

• What adaptations wi11 the vessels of your circulatory 
system have now? How will they deal with the lower 
pressure, and .stop the liquid they contain ffowing 
backwards'? 

• Where wUI these vessels deltiver the liquid back to? 
---------------------

1 + Assessment opportunities 

6 
',I:! 
r,:i 

] 
·o 
~ Pulmonary artery 
nJ 
c::: 
0 

_g 
::, 
c.. 

Vena cava 

Heart 

He pa tic ve_i n 

Renal vein 

·--- Pulmonary 
vem 

l"IN!oiiiilll, ..... ~+--- Liver 
~ ...... 

Mesenteric - - arteries 
J"'t:li~~ -t-- Stomach 

----- Renal artery 

~H-f--- Kidney 

• Figure 3~'19 The drculatory system1 



Facts about blood vessets: 

• Arteries carry blood ait high pressure aw·ay from the 
hear1. 

• Arteries abso,rb the heart beat (whi1ch we can feel Jn 
our pulse) - their contents increase and decreas,e in 
pressure as th@ heart contracts and r~laxes. 

• Capillaries supply nutrients and oxygen to the ceHs by 
diffusjon. They iearry away waste products from the cells. 

ACTIVITY: The blood vessels 

ATL 
. . . . -

• :,Cri~lc'al~thi nkin·g.~k_ills: Dr_aw reason~_ble·:c;ond~sio:n·s· 
:a nctg e r"fer·a I iz ati ons·: 

Using the information above, identify the following 

blood vessels, and explain your choices to your 
neighbour. 

Thick. el·artic wall ----P 

A Small lurnen ------

Thin Weill _____ _.,. 

B 
Large lu.men ____ ...,. 

Valve -------

C 

• fi,gure 3~20 Differences between the different 
bllood vessels 

• Veins ,carry blood from the capilllaries back to the 
heart.. under llow pr·essur,e. 

• Veins do not have increases and decreases in 
pressure and are adapted to stop blood from flowing 
backwards, due to the low pressure. Veins have vallves 
that stop the blood flowing backwards. 

Artery 

C api l'la rri e s 

• Figure 3.21 The blood vessels of the drcu~aitory 
system 

Explore the circulation of blood around the body further 
here: www.kscience.co. u k/animations/bJood_system ~htm 

+ Assessment opportunities 
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H JI THE TRUCTU RE ND FUN TIO 
0 T EH T? 
We have already investigated the rolle ,of the circulatory system1, and how it i1s 

adapted t,o its role. Now let's ~ook miore dos,ely at the organ that is central to the 
w,orki1ng of the drieuiatory system -the heart! 

The heart is a doub~e pumip that pushes blood first to the lungts under low 

press1ure, and then to the rest of the body under high pr1essure. 

The heart contains two types of chamber: 

• The atria - receive blood into the heart 
• The ventrifles - push b~ood to lungs and rest of the bodry. 

Heart valves, as in the v,eins, prevent blood from going the, wrong dlrecd-on. 

ACTIVITY: The heart 

i -

ATL 

• Cr,e·~~i_ve .. t~inidng ski}is: 'A.pply~existi_n_g ·k~owleclge.· 
,to generate,_newJdeas 

~ -lnfo.·rmatton literacy ~kills: Accessinformation·to_,be : 
Tnto·rn,ed 

iCOLOUR-SYMBOL- IMAGE 
Find a source of information about the function of the 
heart (this may be in a book, on the Internet or in a 
magazine). As you read about the heart, make notes of 
things that you find interesting, important, or insightful. 
When you finish, choose three of these items that most 

stand out for you. 

3 How do org1anisms sustain t1hemse~es? 

• For one of these, eh oose a colour that you feel best 
represents or captures the essence of that idea. 

• For another one, eh ouse a symbol that you feel best 
represents or captures the essence of that idea. 

• For the other one, choose an image that you feel best 
rep,resents or captures the esse·nce of that idea. 

With a partner or group first share your colour and then 

share the item that it represents. Say why you choose 

that colour as a representation of that idea. Repeat the 
sharing process until every member of the group has 
shared his or her colour, symbol and image. 

Your colour, symbol and image may each focus on 

different roles that the heart plays. The heart: 
• pumps bl1ood to lungs and to the rest of body 
• allows blood to be pumped to lungs at lower pressure 

than it is pumped to the rest o·f the body 
• keeps oxygenated bl1ood (from lungs) separate from 

deoxygenated blood (from the rest o,f body) 
• maximizes the efficiency of oxygen delivery to tissues 
• makes sure blood t1ravels in one direction thro,ugh the 

body .. 

Now watch how the heart contraction moves blood 
through the heart here: www.kscience.eo.uk/a n imatio ns/ 
heart.htm 



Fi1gure 3.23 shows a labeUed and annotated heart. 

Pulmonary veins ~ --....11 
from lungs 

Super,ior vena cava _ _,,, 

Atrial septum---~ 

Tricuspid valve ~~---+ 

S emH u1 n ar va!v 

---- M1itral valve 

--- Sem1ilUrnar valve 

• Oxyge11-richi blood 
D Oxygen-poor blood 

Ventricular 
septum 

AO -1 Ao,rta 
PA = Pu 11mon a ry a rte,ry 
LA = Left atrium 
RA;; Right atrium 
lV = · Left ventricJe 
RV -= Right ventri de 

• Figure 3 .. 2,3 The anatomy of the, heart 

The heart ensures that each cell ~n the bod~ rece,v,es a constant supp~ of oxy9en 
and food, and has waste products remov1ed such as urea and carbon dioxide. 

To lung 

From lung 

From lower body 

To lung 

From lung 

DOxygenated blood 
D Deoxygenated bl'ood 

• Figure 3.24 Bllood 
flow through the 
heart 

EXTENSION 
What controls the contraction 
of the heart? Use these search 
terms: pacemaker, AN, AV 

node, electricaJ activity. 

Practise· labelling the heart here: 
www.kscience.co.u kl animations/ 
heart_label ling.htm 

REVIEW 
• How do nutiri,ents and oxygen 

reach the celtls of the body? 
• How do the three different 

blood vessel,s, arteries, 
capiHariies and veins, vary in 
s·tructure a1nd function? 

• Draw and label a d1ia,g1ram of 
the heart. Elcplain how blood 
passes from the 1heart to the 
lungs, back to the heart, and 
then to the rest of the body. 
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REVIEW 
Look at the fol lowing two diagrams: 

., . 
' I 

I 
I 

Lungs ~. 
L 

' 

If' 
' . 

Pulmonary 
artery 

Pulmonary 
vein 

A 
I 

----· I 

Very [ow pressure 

Aorta 

Veins High pressure l 
Arteries 

) 
Venules Q Arterioles 

'-.__ Capillaries ~ 
Low pressure 

RA= Right atrium 
RV ::: Right ventricle 
IA !!!:! Left atrium 
LV ~ Left ve ntr 1c'le 

r~ Tricusptd valve 

r~ 6icu~1d valve 

~} ·-.· Semilunar valve~ 
@ 

• Figure 3~2.S The pas5age aif blood thrrough the· heart 

• What have you learn,t about how substances a·re 
transported around an organ·ism? 

• What have you learnt about how· the structure of the 
ci'rculatory system .is related to its function1 

3 How do org1anisms sustain t1hemse~es? 

Supply of bJood to luings 
(pu I mon a·ry c i rcu lt)~ 
shorte.r distance to 
hear-t .so lower 
pressure necessary 

PU'lmonary 
artery 

Vena ca.va. --­

Heart ---­
R ig ht a,tr1i um 

Right ve n.tric le 

Key 
- Oxygen-rich. 

(0
2
-poor blood 

;;;;; Oxygen-poor. 
C0

2
-rich blood 

Capi Uaries in lungs where 
gas exchange occurs 

Aorta. 

Left atrium 

Left ventricle 

S uppfy of bfo od to 
rest of body 
(systemi·c circu it): 
greater distance 
from heart requi.res 
higher p.ressure 

CapHlaries in tissues for 
gas exchange and supply 
of nutrients to ceJls 

• f ,ig'uire 3.26 Blood supply· to and from the heart 

• What have you learnt about the structure and 
function of the hea,rt? 



0 D UB TA M 
I OUT F LL ? 
Substances must move from the jntestlnes and lungs into 
the blood. Carbon dioxide must mov,e from the biood ~nto 
the allveoli. How does this. happen? 

Look carefuUy at the following tw,o diagrams: 

- Lumen of sma:11 intest~ne 

fillm 

~~ . 
---.............. ~ ,,__- !:pitn~Ma,I: cell 

• fig u:re 3.27 Movement of glucose from lrnmen of smaU 
inte,stine to epithelial ceH .and ,on into b~ood 

a ... 
J. 

(01 

02 
(02 (02 

(Oz 

C02 

• f 'igure 3 .. 28 
IM ovement of 
carbon dioxide 
f rom1 lb fiood, 
and oxy,9en 
~nto blood .at 
a,v.eollus 

These diagrams show how molecules move, from hi,gh 
to low concentrad,on - this i1s ,called diffusion. Through 
random move,ment, more molecul,es are ,going to m,ove 

from a h~gher concentratlion to, a lower one than vke versa. 

Oxygen moves from the alveoli in the lungs into the blood, 

and carbon dioxide from the blood into the alveo~i ,(this 

is known as g.as e~change). In the intest~ne (g1ut), food 

molecuJes such as glucose move from the lumen (the space 
in the middle of the intestine where the food moves) ~nto the 
ceUs fh1i1ng the gut (epitheHall ceHs) and then ,nto the blood. 

Look ,agdin at the lower part of Fi1gure 3.27. There is a higher 
concentration of giucose in the b~ood than 1n the epirthel1ial 
ceUs. How can gluc,os,e move from the ceHs into the b!ood? 
The answer lies in a1 dijfferent way in which molecules ,can 
move, caHed active transport. Active transport moves 
molecules from lower to higher concentrati,on o.e. against 
their concentration gradient) - th~s needs ener9y from 
respiration . 

Active trarisport is a process in 
cells that moves substances 
against a concentration 
gradient, from IONer to higher 
concentration. This process 
requires energy from respiration . 

Imagine you are try:ing to push 
a ca,rt 1up a hJ:11 - you wi 1II need a 
lot of energy to get to the top! 

• Figure 3 .. 29 Acbve 1ransport requ~res energy 

There ~s .a furth,er way in which molecules are moved­

osmosis. We wm ~nvest~gate this in the folllow~ng acUvity. 
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ACTIVITY: Osmosis 

Osmosis is the diffusion of water through a partially permeable membrane. 

Because water is very important to living things, we give the movement of 
water into and out from cells a special name. The cell membrane is partially 
permeable because it lets some molecules through freely but not others. 

Look at the following diagram. Can you describe and explain what is 
happening? 

Partial:ly 
permeable ------"r--
me mbr a11 e -----

Disti·lled -~ 
vvater 

3~ I J • 70 sa.t so.ut1on 

• Figure 3 .. 30 An ,osmometer. The· par1ial~y permeable membrane 1c:ould be 
viski11g tubing 

The water can pass through the partially permeable membrane because 
it is small enough to fit through the pores in the membrane, but the salt 

cannot as it is too big. 

• How does this model what happens in cells? 
• What would happen if you put an ani·ma I cell i'n pu.re water? 

+ Assessment opportunities 

SUMMARY REFLECTION 
• What have you learnt about how substances move in and out of ce ll!s7 

• What processes are irnvo1lved in move·ment and transpo rtl 
• What are diffus.ion, osmosis and active transport? 
• What have you learnt about the process of osmosis? How is it different 

to d iffu.sion? 

3 How do org1anisms sustain t1hemse~es? 

DISCUSS 
Describe to your neighbour what 

is happening in the following 

diagrams: 

30 minutes 
later 

30 mi1nutes 
later 

Pu re Sucrose Sucrose Pure 
water soluti.on solution water 

• Figure 3.31 Osmosis jn actijon 

Complete the following diagram 

by adding similarities and 

differences between the th ree 
processes: 

• Fig ure 3~32 Comparing 
diftus1i on; osmosis and act~ v,e 
transport 



H JI HOME I ? 
Your body needs to keep irts·elf wi1thin stdct limits - ~t the 

,conditions stray outs~de these lirmits then your health, and 
ultimaite~y your Hfe, may be in danger. 

Keepj ng cond ,tJons ba llan ced wi1 hi n the body ~s ea Ued 
homeostasi s. 

The foHowingi factors must be kept in balance: 
tempe,rature 

• pH 
• w at,er leve ~s in blood and fli u ids surrounding tissues 
• sugar leve·ls in blood 
• Co2 !levels in blood. 

The f0Uow~ng1 activ~ty ,gets you to think about why you must 

keep conditions constant wi"thin your body. 

Temperature and pH rmust be k,ept constant to ensure that 

enzymes have the opti1mum cond~tions to work in and do 
not denature. 

Carbon dioxide, when dissolved in blood, lowers the pH and 
crea1t~s an acidic enViironment. The carbon dioxide must 
therefore, be removed by breathing it out. 

Too much ,or too littlre water in the blood creates osmotic 

effects - water wm ejther move into ceHs in the bi ood (too 

much water) causing them1 to, burst or move out of cel~s 

(too little, water) by osmosis. E~ther can be damagi~ngi for 
the body. 

Your blood sugar level must be constant because, too much 
sugar m1etU'IS1 that there ~s a lower water concentr,a1ion in the 
blood, and so water moves into the blood from the tissues 

leading to the body becoming dehydrated. Resp~ration ~n 
cells needs a reguJar supply of gllucose in the dght quantitijes 

-too much sugar can be as serious as too little. 

ACTIVITY: Keeping conditions 
constant 

ATL 

• Cre~ti_v,e .. thin.~i-ng -_s~i lls: Apply existi'ng. knowl~gge 
to .generate:;ri-ew·ide'as. . . ' . . 

.· ·· 

Discuss the following with your partner: 

1 Why must te.mperature be kept the same? Use your 
knowledge ·of enzymes (pages 40- 45) to explain 
wh·y. 

2 How is tempe'rature kept constant? Thi1nk about: 
a What happens when you get too hot? 
b What happens when you get too cold? 
Search terms: vasodilation, vasoconstriction, 
sweat, s ivering, piloerection. 

3 Why must the pH of your blood be kept co nstant1 
Use your knowledge of enzymes to explain why. 

4 Why must the water level i·n your blood be kept 
constant? Use your knowledge of osmosis (page 73) 
to help you~ 

S Why must the sugar level i1n your blood be kept 
constant? Use your knowledge of respiration 
(pages 28-32) and osmosis to explain why. 

Analyse and evaluate the knowledge you have 

learnt in this chapter about how organisms sus-tain 
themselves. A

1
ppl.y this understanding to make 

scientifically supported judgements about how 
organisms keep their internal environment constant. 

+ Assessrnent opportunities 
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How is sugar 1,evel controlled? 

• After a meall, digested sugar enb~rs the blood. 
• Higher blood-sugar level is detected by the pancreas. 
• The pancreas r1eleases the hormone insulin. 
• Insulin tiravells around the body in the blood. 
• At musde and Hver ce,Us, ins.uUn ~nstructs ceUs to stor1e 

glucose as iglycogen. 

• The blood sugar levei returns to normal. 

A second hormone is used ~f blood-sugar l,evels ar,e too 

low. GJucagon instructs ceUs to bre,ak glycogien down into 
glucose. 

Mainy homeostatic mechanisms use ho,rmones in this w.ay. 

Explore further here: www.abpischooJs.org.uk/pageJ 
m odu res/d ia betes/d i a betes 4 .cfm 

Ra ise:s .§>r,:..,@ 
bi ood r ~) ·~ 

sugar ~ @ 

Glucagon 

High 
blood 
sugar 

s~mo,ates breakdoivn 
of gly<:Og,en 

Stim uJartes format\on 
of glycogen 

Stimulates git ucose 

. 

t1 ptake from bJood 

Tissue ceMs 
\\.· (muscJe, kidney, ·fat) 

.(j Low 
Lowers - . ~ ~" blood 

~ , blood ~ ~ :_~ © sugar· 
sugar 

• Figure 3~33 lnsullin .and giucag1on control sjugar i,ev,ells ~n 
the blood 

3 How do org1anisms sustain t1hemse~es? 

EXTENSION 
How does the kidney filter urea from the blood and 
contro I water levels in the body? Exp lore further 
he re: www .k science. co. u kl an im at ions/kidney. htm 

EXTENSION 
How does the body regulate temperature? 
Find out a bout the thermoregu latory horn eostatic 
mechanisms: awd i lati an, vasoc;onstri et ion, 
swea ing, hivering, piloerection. 

How do poikilothermic (cold-blooded) organisms 

regulate their temperature? 

Produce a summary poster of how 
t hermoregulation works. 

SUMMARY REFLECTION 
• What have you learnt about homeostasis? 
• Why do the conditions within organisms need to be 

'kept in balance? 

--- -- - --- ------- -

REVIEW 
Describe and explain how and why the following 
conditions in the body must be controlled: 
• temperature 

• pH 
• wat er leve1ls in blood and fluids surro,unding fissues 
• sugar leve ls in blood 
• Co2 levels ·in blood. 



H JI T EC ON CYCLE? 
Al I e~ em,ent s in I ~Vl ng things, such as carbon, oxygen and 
hydrogren, cycle between the physiieal environment and the 
biotic (Le. Hving) part ,of ecosystems {i.e. the community). 
Without such cycl1ing, nutri1,~nts would end up in dead 
orgi3nisms, faeces and waste, and not get returned to living 

matter. 

In this section we will inves.-ti,gate how two elements­
,ca rbon and n ~trogen - cyde. 

ACTIVITY: Investigating the 
carbon cycle 

Think about the following: 
• What biolog"ica l molecules (ontain carbon'? (,Remind 

·yourself on pages 56-57.) 
• What pro,cess releases carbon dioxide from l1iving 

things? (See pages 30-31 if you need hel'p here.) 
• What process takes in carbon dioxide and conve 1rts it 

into glucose? (Reminder on pag1es 33-34.) 
• How does carbon pass from o,ne o,rganism to the next 

in a food cha jn? 
• Bacteria .. fungi and other decomposers feed ,on 

dead organi·sms and waste material (such as faeces). 
How would these organisms return carbon into the 
atmos;phere7 

• Under the iright conditi,ons, carbon i·n dead o·tganism,s 
is locked up in coal., oiit gas and other f ossi I fuels. 
Hi·gh pressure and incomp.lete decay ,lead to the 
production of such fossil f ue:ls over thousands of 
years. How is the carbon in these materials being 
returned to the atmosphere? 

Now complete the diagram on the next page. 

Words to use: respiration, photosynthesis, combustion, 
carbon dioxide, decomposition, consumption/eaten by 
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• Fi 1gure 3.34 The carbon cyde 

EXTENSION 
• What role does limestone play in the ca rbon 

cycle? 
• Can you find out how much ca rbon is 

stored in each of the reservoirs in which it is 
found (for example, the ocean, fossil fuels, 
the atmosphere, sedimentary rock., the 
Earth's mantle)? 

• How are human activities affecting the 

ca rbon cycle? 

3 How do org1anisms sustain t1hemse~es? 

DODD 
ODD D D 

D D 

1 + Assessrnent opp1ortunities 



ACTIVITY: The nitrogen cycle 

ATL 

• . lfifotmation liferacfskills; .Access infofmatio11.to 
::b.e.info:rmeg 

Your task in this activity is to find out about the nitrogen 

cycle and make your own :summary diagram to show 
how nitrogen moves from the atmosphere and into 
living things, and how it is then returned to the physical 
environment. 

Find out about the nitrogen cycle using these search 

terms: decomposers, nitrogen-fixing bacteria, 
n itrif yi ng bacteria, den itrif yin g bacteria, ammonia, 
nitrite, nit~ e. 

Help is also available here: www.classzone.com/books/ 
ml_science_share/vis_sim/em05_pg2D_nitrogen/en10S_ 

pg2 O_nitrogen .swf 

HE 
C E? 

DISCUSS 

You will find that the whole nitrogen cycle is driven by 

four types of bacteria - but which bacteria does what, 

and how do they I ink together to make a cycle? 

EXTENSION 
• How do waterlogged soi Is af feet the 

nitrogen cycle? 
• Why do earn ivorous plants, pitcher plants, 

sundew, Venus flytrap exist? 

+ Assessment opportunities 

As we have se,en earlier 1n the 

dhapter (pages 56- 57), nitrogen 

D,iscuss with your neighbour what you found out about the nitrogen cycle. 
Check your understanding using the following figure: 

1is needed in Uving things to make 
pr,ot,ei n. Organisms have diffku lty in 
using ni1Jrogen gas directly from the 

atmosphere - it is a v,ery u nreactive 

gas and only one group of bacter~a 

have evo~ved the abi I rty to use nit rogien 
directfy to make ,other c,ompounds. 

• f ·igure 3.,35 The nitrogen cyde 
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In thiSi chapter we have investigated how a healthy djet 

provides the, body with al I the n utn e11ts it needs to, function 

properfry. s om,e peo pie have metaboi ic conditions that mean 
that they put on wei1ght and can become overweight. Other 
people may become obese because they have an unhealthy 
diet where the amount of energy they consume jn their 
food is not ba~anc,ed by the amount of energy they expend. 

THINK- PUZZLE- EXPLORE 

• Fi·gure 3 .. 36 Pharmae:eutkal drugs can be used to aid 
weigrht loss. Examples of .such drugs indude orll~stat 
(Am or Xenkall), sibutramine (Merjdia) and lorcaseriin 
(Be1lviq) 

ATL 

• c'.omm_1.H1k_a;tion_Jk:ills: Use a··~~rrety·ofmedi·a ~o · 
.·communicate'.with. a. tangf of aud ience~;'·.Negotiate 
icl~S:·~ith .·pe~r·s and.teache{S . 

In smaU groups,, research ight-con rol drug , 
and rec,ord your findings. Which people ar,e 1generaUy 
prescribed these drugs, and why?' Should overweight 
p~iap~e, rn g,enera!~ hav9 access to these drugs? Are there 
dang1ers in using these drugis? 

www.drugs.com/artic le/pres cri ptio n-we ig ht-loss-drugs. html 

www .n hs. uk/Con d iti ons/0 b esity/P ages/Treatment .as px 

3 How do org1anisms sustain t1hemse~es? 

There, are many diets available to hellp people lose we~ght. 

Their@ are also legal drugis that p,eople can take to aid weight 

loss. These drugs can: 

• suppr,ess appetite (peop~e feel l,ess hungiry s,o eat i,ess) 
• ~nhjbit fat absorption 1n the intest~ne (less fat is, 

absorbed jnto the b~ood and, hence,, rinto ceHs) 

• ~ncrease ceU m,etabollism (so more food is broken down 

in eel Is to rrel ease energy). 

Consider what 'legal' means and why some drugs are 
legal but others are not. 

In your group, prepare a presentation of what you have 
found. The presentation should educate the public 
about these drugs-their use and possible abuse. Should 

people use legal drugs to try to control their weight? 

Allocate roles in your group. Communicate together and 
with your teacher to assess the information and weigh 
up the evidence. 

Aim to use a variety of media in your presentation -

for example, as well as the presentation itself (which 
could be a PowerPoint) you could also have hand-outs 

available so that people can take away and read the 
information you have provided. Make the information 
visually interesting, and be aware of the sensitive nature 
of the material you will be talking about, 

+ Assessment opportunities 



REVIEW 
Brainstorm a list of at least 12 questions about the 
topk. Use these question-starts to help you think of 
interesting questions: 
• Why ... ? 
• How wouJd it be different if ... 7 
• What are the reasons ... ? 
• Suppose that ... ? 
• What 1if ... ? 
• What if we !knew .... ? 
• What is the purpose of ... .? 
• What ·would change if .u? 

Review the brainstormed list and star the questions 
that seem most interesting. Then, select one or more 

of the starred questions to discuss for a few moments. 

• What new ideas do you have about the topic that 
you didn't have before? 

What have you learnt about yourself as a 

knowledgeable scientist? How have you developed 
and used conceptual understanding, and explored 
knowledge across a range of disciplines? 
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OMES M TIV P BL s 
T 

Use thes,e problems to apply and extend your leairn~ng in 
this chapter. Thes,e problems are designed so that you can 
evalluate your ~,earn~ng at d~fferent leve~s of achjev1ement in 

Criterion A: Kn owi,edge a 11 d u 11 dersta nd ing. 

THESE PROBLEMS CAN IBE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 1- 2 

1 State the seven components in a balanced diet. 

2 State the elements found ~n prote;ns. 
3 a Suggest why snack1lng on chocdlate, crisps aind soft 

dr~nks is an unsuitdbie d~et for ch1ildren who are not 

very active. 

b Su1ggest the lhea,th problems that might develop ~f 
children have too n1u,ch fat in their diet. 

THESE PROBLEMS CAN IBE USED TO EVALUATE YOUR 
EARNING IN CRI ERION A TO LEVEL 3- 4 

4 o utU n1e the ro,ie of di ges'ti o,n in the body. 

5 Three different foods w,ere tested for different food 

groups,. The fol lowing results were found: 

: 1fo od sample Test Result 

Food 1 Or an9e/brown 

Benedict's sclut~on Blue, 

Bi1uret test Pu rpl,e/tli lac 

Paper test Greasy mrark present 

Food2 Iodine sollution Bluelbllack 

B enedkt's sot ut~on B,!ru,e· 

B,iuret test Blue 

Parp er test No change 

Food 3 lod~ne so!ution Orangelb:rown 

B enedkt's sdut•on Orange predpitate 

B,~uret test Blue 

Paper test No change 

3 How do org1anisms sustain t1hemse~es? 

Which food groups w,ere present in each food sample? 
Justify your answers us~ngi evidence fro,m the results 
give,n. 

THESE PROBLEMS CAN BE US OTO EVALUATE YOUR 
EARNlNG IN CRITERION A TO LEVEL 5-6 

6 a Descr1ibe two ways ~n whkh the mouth can break 

down starchy foods. 

b Describe hO\N the liver he~ps to digest fats. 
c Describe one ro~e of bile ,other than help~ng to digest 

fats. 
7 D1esc:rjbe how oxygen fri0m1 the air reaches. c,eUs ~n our 

body. 
8 The following dii,agram shows four ways in whtch 

mollecules may move tnto and out of a, cell. The, dots 

represent the concentration of the d ffferent molecules. 

A B 

C D 

• Figure 3 .. 31 Movem,ent of mo!,ecu~es into and out fro:m 
a cel l 

9 

a Whkh arrow represents movem,ent of oxygen 
molecul,es? 

b Whtch arrow represents movement of carbon 
diox~de? 

c W h kh arrow represents the active transport of 
glucose moll,ecul,es? 

D·esc1ribe the drfferences betw,een arterir·es, capmar1i1es 
and ve,ins. 



1 The f,ollowung diagram1 shows ttie drculatory systems of three differ,ent an1imals: 

a Gtll capilliaries b l ung and skin c:apilllaries 

Artery 

Heart: 

Ventride (V} -

Atrium (N --

Vein ---

Systemk capi,l laries Systemic. Glp iUairiies 

• Figure 3.38 The drcu~atory systems of a fish~ b amphibians and c mammals 

a Descri:be the, diff,erences betw,een the three di1fferent drcuiatory systems. 
b Suggest what is meant by 'systemk1 capiUaide,s. 
c Su,ggest the advantages, of having a mammalian heart c,ompared to an 

a1miph~bjan or .a fish heart 

c Lung: cap il1ar,ies 

Systemi,c capill aries 
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THESE PROBlEMS CAN BE USED TO EVALUATE YOUR 
lEARNING IN CRITERION A TO lEVEL 7- 8 

1 An 1expedment was set up to inves1iga1e os1mosis. 
The foUowijng equipment was us,ed: 

,---------- le·vel of solution 
at the stairt of 
the investigation 

~ -1--- Visking tub~ng 

• Figure 3.39 lnvest~giating, osmosis 

a What is osmos~s? 

cointah,ing 
corice·ntrated 
salt solution 

b Describe and exp1fain what wm happen to the iev,el 
of solut1ion in the cap~Hary tube during the experiment. 

c R,ed bfood ceHs were put ~nto different concentrations 
of sa,t solution. F1i,g1ur,e 3.40 show·s th~ app,earance of 
the bl,ood ceHs after 10 minutes. 

Using, your knowl,edge· ,of osmo,s,is, suggest 

reasons for the app,earance of the ce,Us in ,each 
sol ut~on, Ai B and C. 

ii Expla1in the appear.anc,e of a plant ceU placed in a 
sotution of pur,e water. 

1 An experiment was ,carried o~t to investi,gat,e osmosis 
~n potatoes. Chips were, removed from a potato 

(Figure 3.41 ). 

• Figure 3.,41 Preparing potato chijps for osmosi,s 
,exper~rment 

The ,chips were cut to 30m,m ~n length and the mass 

of each recorded. Each ch~p was placed in a different 

concentration of sucrose so,fution, from 0.0 to 

1.0moldm-3 . After 40 m~nutes, the, chips wer,e rem,oved 

and re-weighed. The perce,11ta9e change 1in mass wa5 
calculated fo1r an chips (the dh.ange in mass di~ded by the, 
odgin,at mass, multripHed by 100). A graph was plott,ed 
showtng percentarge iehainge ~n m,ass against sucrose 
concentration (Fig1u re 3. 42 overl1eaf). 

Solution A- pure water Solution 8 ~ medium sah solution SoJution C - strong sa~ so'lurtio:n 

Cell bursts 
_· .. , \ ___ __ 
-. ---

• Figuire 3.40 Red blood ceHs, ~n ai range of different c1oncentrations 1of salt 

3 How do org,anisms sustain t1hemse~es? 

Ce'II outline 
becomes 
crinkled 

Ce II so,lution be corn es 
ma're co nee ntrated 



25 

20 

15 

I 1 (} 
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0 m I 
C 

II I Ou ,; 11 111 5 .c 
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~ - 1:; l 
-Ln 
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• Figure 3.42 Graph showh1g percent changfl 1in m,ass of 
p,otato1 ,ch,ps a1t different sucrose concentrations 

a Describe and exp,lain the results shown jn 

Fi,gure 3.42. 

b Eva I uate the e,xpedment. 
How could the r,el ia b~ iity have been improved? 

ii What were ~he !limitations of the experiment? 
iii How would Umitations have affected th,e accuracy 

of the result? 
H,ow could the experiment have been ~mproved to 
reduce t hese limitat~ons and ~mprove accuracy? 
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R 
In this chapter we have explored how the body can ach~eve a balanced di,et, 
and how the nutrients we need reach our cells. W,e have seen how el,em,ents 
pre,sent in our food and bodies cyde between the environment and Uviing matter. 
We have discus.sed how ,oxygen is aibso~bed and transported to cells, and how 
waste products ar,e remov,ed, so that a state ,of ba~ance can be m1aintained in 
the body. We have app~iedl our knowledg.e to discuss whether people should 
use drugs to contro~ their w,eight, and how we can promote heaithy eating 
in our local community. We have learnt how to develop .and us,e conceptual 
understanding, and focused on the role of kno~edgie tn sdentif~c endeavot,r. 

t~r.m11:.1.itl.W.n ..-:i"i rnM.;.';~~.-;~ • ..:.-1T,,;111dr~ 1nni'r;Ki11i11n~ n:;Te)l"d~ 
·-· 

Quest1ions we asked Answers we found 

f actual: What nutnents do organismis need to survive? What 
occurs duning the process of d~ges:bon? What occurs dur~ng1 the 
process of gas excha nge? How are substances transported around 
an organ•sm 7' How do substances 1move i1n and out of ceHs 7' Wha1 
are d1rffus~o1n. osmos~s and actijv,e transport? What ~s homeos1arsi,s7 
How do e~e;meints essential for llife cyde lbetw,een the ,environment 
aind organisms? 
Conceptual: What processes are ~nvotved ~n mov,em,ent and 
1ranspo:rt? Why do the condidons w1ith~n organ•sms need to be kept 
in bafance? 

Debatable: Should peopl,e use dn..11,gs to1 try to contrdl their we~ght? 

Appro aches to learn~ng you 1used ~n this d1ap1er Descript~on - what new s.kms 
d~d you learn? 

Crit ica 1-th inking skills 

Creative-thinking skills 

Communication ski I Is 

Transfer skil Is 

Jnformation literacy skills 

Collaboration skills 

-., 

Any 'further questions. now? 

How well~ d id y,ou rmaster the 
skiHs? 

I. 
QJ 
C: ... 0 

~ Q) ·- t: ..... 
C: -~ '8 i... (l) 
n:, ! z ~ d: 

Learn.er profile attr4bute(s) How d~d you demonstrate betng know1,edgeabie En this 
chapter? 

Knowledgeable 

3 How do org1anisms sustain t1hemse~es? 

,I 



CONSIDER AND ANSWER 
THESE QUESTIONS: 

• f jgure 4 .. 1 An African ,e~ephant - an example of a (very) 
lar,ge organi1s1m 

IN THIS CHAPTER, WE WILL ... 
• Find out how the ·s~z,e of an organism p!ays 

an important rr0 lle in its rellat1onsh1ip Wlth the 
environment, and issues they face as 1hey get bigg,er. 

• Explore how d~ff,er,ent animals and plants are 
adapted to the environm,ent they live in. 

• Take action by planning how endangered large 
an~mallsl such as elephants and t~gers, can be 
protected in the w ii d or in zoos, so as to meet thek 
needs and support surv1ival. 
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• f ,ig1ure 4 .2 A sele·ction of plants and animals .. How are 
they .adapted to the,i r respect~ve envir,o 11 ments? 

These Approaches to Learning (ATL) 
skills wi!I be useful ... 

• ·criti.c:a l-thipking ~kH~·s 

• Creat.iv~thinki,ngskills . 

adaptation 

behavioural 

implications 

physiological 

sp eci a Ii zed 

4 What issues do largier organi·sms fac,e?' 

In the examples shown rn Figure 4.2,: each or,ganism is 
adapted to rits envir,onment, aUow1ing them to survive 
o.ften rin extr,eme cond~tions. Adaptations can be phys~cal 
featur,es such as s~ze ,and shap,e, behavioural characterirsttcs 
such as how .an an~mal lives. with others in its group, or 
physiological adaptatirons whi,ch !nvo,lve the function ,of the 

organjsm's body, such as temperature regulation. Can you 

identify the different adaptations for ,each organism? What 
about other adaptat~ons that you may not be able to see in 

the photos?' 

In the ~ast chapter we· explored how an~mals maintain ,a 
constant ,~nvironment jn th~fr bodles - the process known 
as homeostasJs. Adaptat~ons in animais ,enable the,m 
to ma.in:tajn ho,meostas~s, even in e,xtreme env~ronments. 

Organisms that are adapted to spedfic. env~ronments are 
known by c,ertain terms, such as speci,es of plants adapted 
to dry conditrions which ar,e known ,as xerophytes ,(from 

'xerot whi,ch means dry, and 'phyte' wh~ch me.ans p~ant}i. 

In Chapter 7 we wUI exp~ore the wonk of nijneteenth-
centu ry sci entt st- adven tur,er Charles Darw1 n. He m1ade the 
link between animal adapta1t~ons and specie·s' survival, and 

what happe·ns to spedes when thefr environment changes. 
In order to survive and reproduce, an organism1 must be 

perfectliy adapt,ed to their sunound~ngs- if not then it wi~I 
not s.urvive and pass on jts genes to the next generat~on 
(somethjng we wrn llook at further in Chapter 6),. 



What's going on? 
Choose an organism, and find a photo of it that clearly 

shows its adaptations. 

http:/ lw ayn esword. pa I o mar. e d u/1mexe10 b .h t m 

Des,cribe the way of life that the organism is adapted 

to (for exam pie, 'adapted to life in the desert' if it is a 
camel). List all the environmental factors that may affect 

the organism (such as a regular supply of water if it is a 

plant, or temperature if is an animal living at the North 
or South Pole). 

What do you see that makes you say that? 

Now describe and ex.plain the features that adapt. the 
organism to its environment (for example, the hump on 
a camel that stores fat and which can be broken down 

to release energy and a source of water). Aim for at 

least five different adaptations. What features can you 

describe and explain that enable them to overcome the 
environmental factors you have listed? 

Alternatively, forth is activity, you could choose to talk 
about an organ from within an organism, such as the 
heart or eye (Figure 4.3 and Figure 4.4). 

Su per.or-....lt 
vena ca,va 

Atri,al ------1 

septum 

Tncuspid 
valve 

lnferio1r 
vena - ----­
cava 

• Oxygen-rich bl'ood 
D Oxygen- poor brood 

AO =· Amta 
PA;;:: Pul'mortary artery 
LA;:; Left atrium 

• Fig,ure 4.3 The human heart 

( ,j:liary 
muscle ---

• Fig,ure 4m4 The huma1n eye 

.------._ Mitra! valve 

---...._ Se m iru nar 
va lve 

Ve ntri cu la r 
septum 

RA; R.ight atrium 
LV = Left ventrid e 
RV ;:; Right ve nitrk le 

~ ~-- Vitreous 
humour 

• What's go ing on? What is the role of the org:an 1in the 
body? 

• What do you see that makes you say that7 

What adaptations can you see in the organ that 
enable it to ·fuHil its function? 

+ Assessment opportunities 
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The ,envirorunent that an organism is adapted to can include 
many d~ff@rent factors- temperature, the ava~labiljty of 

water, the amount of sunUght, food - depend~ngi on the 
type of organism and the way i1 Hves. Adaptations. may be 
outwardly v1stble, such as the hump (or humps), on c,amels 
(one hump on a dro,medary a1nd two orl a1 bactirian). Other 

adaptations are hidden within the body: think of the four­

chambered heart in mammais that separates oxygenated 

and deoxygenated blood and enables oxygen-ndh blood to, 

be deHvered to all ceUs, for example, (see Chapter 3), or the 
reti1na cells. at the back of the eye that ,enable us to see {see 
Clhaipter S). 

• Figure 4,.S Bactr1.an ,cam,el 

4 What issues do largier organi·sms fac,e?' 

• Figure 4 . .i6 Dromedary camiel 

• Figure 4.7 A huimpback whale· .and her calf. How i1s a 
whale adapted to its environmient7 



What specialized structures 
do larger animals have 
inside their bodies? 
How do they help 
animals survive? 

THINK- PAIR- SHARE 

ATL 

• .critical-thin~ing skills:: Dr~W reasonable .cond usio~ns 
and g:~neraliz.ati9n·s1 

. · ' . . . . . 

Look at the four figures shown here. How is each organ 
adapted to increase the rate of movement of substances., 
such as food or vital gases (oxygen in animals and carbon 
dioxide in plants) into the organism? Pick one of the 
organ systems. Think about explanations yourself, then 
share them with your neighbour, and finally feed your 

ideas back to the class. 

• Fi'g ure 4~8 Human br,eathing systemr 

• What key substance is provided by the lungs, needed 
by alll cells to survive? 

• What waste product is re·moved by the lungs" which if 
left in the blood would decrease the pH of the blood? 

• Remind yourself of the structure of the breathing 
system in humans: can you name al I the dif fe·tent 

parts? 

SPECIALIZED STRUCTURES IN 
LARGER ANIMALS 
Tw,o essential ingredients needed for surv1ival are food and 
oxy,gen (as we exp~ored in Chapter 2). What adaptations do 
animals have to jncrease the rat,e at w hich these life-giving 

substance5 can be taken into the body? 

PtaJ;:enta 
Fetus' blood 
vessels 

Place'ntal 
membrane 

UmbilicaJr 
cord 

J&'-1'-- I ntervtl l'o us 
space 

Mother's 
b'loo d vesse Is 

• Figure 4 .. 9 The p,acenta1 

Pl'ace,nra 

Umbiilical 
cord 

• The placenta grows from the embryo and implants 
itsetf in the uterus (womb) of the mother~ what role 
does it play, for the em.bryoJ 

• Look carefully at the shape of the placental 
membtan:e (which absorbs food and oxygen from the 
mother): why is it highly folded in this way? 

er What substances does the p.lacenta remove fro:m the 
embryo? (Th1ink about waste products that m:ust be 
removed from the body because they are toxic.) 
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Sm alll intestine 

Mkrovil li 

"' 
Cell membrane 

Vein 
:=;;;.-:=:..:;;.....;.;;~:::::;:;:.;:~::--Arte 1Y 

Lympii at ic duct 

• Figure 4.·10 The sm1alll 1intestjne 

• look care·fuUy at the lining of the small intestine,, 
through whic'h digested food i:s absorbed into the 
blood. What are villi? What essential adaptation do 
they have to increase the rate of absorption?· 

• Now look carefully at t he ceHs t hat line t he intestine 
on t he surface of the villi -what adaptations do they 
have? 

4 What issues do largier organi·sms fac,e?' 

Epidermis ---;::... ......... ,....._...,.._ ......... ~~::..,.......;r: 

Palisade mesophyll 

Oxygen 

• fjgure 4.11 The structure of a leaif 

/ A--- Xy'lem 

r1r--- Phloem 

• The leaf has severa l different layers -what do you 
think each of thes,e ·1aye rs 1is for? 

• Carbon dioxide, needed for photosynthesi,s, enters the 
Jeaf t hrough stomata (plural of stoma), and oxygen 
leaves. There are airspaces between the cells i,n the 
spongy mesophyU ,layer that i'ncrease the su·rf ace 
area for cHffusion of gases. 

• Wh.y are these adaptatio:ns needed7 There js one 
common feature in a ll four org.ans that enab l!e the 
urganism to survjve - can you identify what it is? 

• All these adaptati:ons are ·found in larger organisms., 
not smaUer ones such as single-celled amo,eba -why 
is th.is? 

+ Assessment opportunities 



ACTIVITY: What factors speed 
up the rate of diffusion? 

Air-freshener 

Stand at one corner of your classroom during a lesson. 
Spray air-freshener into the room. Who can smell the 

air-freshener first? What happens to the smell of air­
freshener eventually? Can you explain your observations? 

• Figure 4~12 Air-freshener di:ffusing through air 

Potassium permanganate 
Put a few crystals of potassium permanganate into a 
grass or Petri dish containing water. Watch what happens 
to the purple molecules of potassium permanganate. 

What happens to the purple colour eventually? 

How could you speed up the rate at which the purple 
colour reaches all parts of the glass/Petri dish? Can you 
expl1ain your observations? 

WHAT FACTORS SPEED UP THE 
RATE OF DIFFUSION? 
Diffusion is the movement of molecules from hi 1g:her to 
lower concentration. Think of an air ... freshener that you 
spray rinto a room1 - it taike,s s,everal seconds for the, scent to 

reach a H pairts of the room~ as the pa rtli des spread out from 
the can from a higher to lower 1concentr ation ( concentr.atilon 

is a measure of number of molecul1es per unit volume). 

• Figure 4.13 Potassium permanganate diffusing 
th roug1 h water 

Adding more crystals to the water would speed up 

the rate at which the purple reaches all parts of the 
container. This is because there is a greater difference in 
concentration between the area where the crystals were 

added and the rest of the water, and also because the 

greater number of crystals would have a greater surface 

area compared to only a few. Distance is also important 

-the students nearest to the air-freshener will smell the 

scent first as it ha5 less distance to travel. 
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As w ,e have afiready seen in Chapter 3, organ~sms need a 

variety of dijff erent su bstanc,e-s to keep functlion ing, and to 
ma1inta~n Ufe processes. Oxygen and glucose are ne,eded for 
celllu,ar respirati1on, aind ai variety of nutr~ents are needed to 
susta~n metabolic pro-eesses. 

Various factors sp,eed up the rate at which ·substances can 

move into organisms. What are these factors?' Think about 

the sbucrures you have explored on pages '90- 91 (the 

~ung1s, placenta., ~ntestine and leaf) and the features that 
make the,m effident at the job they do. 

A f.ast r.a1e ,of diffusion can be achieved by: 
• incr,easin9 surface· a1rea 
• decr~asing the thicknes.s of the dfffusiion surface 

• maintaining a concentrat,on gradient. 

A concentrat~on gradient is needed so that 1mo~,ecuies can 

mov,e fr,om a higher to 1,ower concentration. For examp~e, 

jn the lungs, oxygen is r,emoved from the alveol~ by the 

bl,ood which maintains the difference betw,een the oxygen 
concentrat~on 1in .air in the alveoU and the blood oxygen 
concentrat~on. 

A sma H diffusion di sta nere is needed as the thi-cker the 

surface, the long1er it wrn take for molecules to cross. it. 
For exam pie, there is a sm al I d ~stance be,tween the moth er' s 
blood and that of the embryo, ensuring that 1he e1mbryo 

gets food and oxygen qu~ck~y enough. 

The la rg,er the surface area, 1he faster mol ecul e,s can move 
into ,(or out from) an or,ga11ism1. for example, the f,oids in 

the Uning of the simall intestine (the viU~) allow dig1est,ed 
food molecules to move into the blood at a rate that 1s 

fast enough to maintain ~if,e processes. Further folds on 

the membranes of the ceHs !lining the ~ntestine (microvilli) 
furthe,r incre,ase the surface area. 

Why do organjsms ne,ed these specialized structures? 
Sm1aH animals do not have lungsl~nte,stines/placenta, and 
mkroscopic plants. do not need speda!ized leaf 5tructures. 
What is it about larger organisms that m,ake these 

specialized structures ,essential? 

4 What issues do largier organi,sms fac,e?' 

-11---- High concentration of carbon dtox~de 

SJood 
Location in body 

Low concentration 
of c.arb on dioxide 

Lungs 

• Figure 4.14 The c,oncentr,adon ,gradient i1n alveoli aUows 
carbon diox~de to diffuse from the blo()d 

Matern.a I bi ood !Maternarl. blood 

• Figure 4~'15 Ther@ is a short distance between maternal 
blood and feta~ blood 

vm i increase the 
surface area 

...,..._ Ca pi·l la,ry 
network 

Lactea~ 

Each ceH of 
the villus has 
microvilli on, 
its 1i urf ace 

• Fig ure 4."16 How vim and 1microvrn1 increase surface ar,ea 
in the small int,estine 



ACTIVITY: What happens to the surface 
area and volume of objects as they increase 
in size? 

In this activity you wil I collect and present data relating to 
surface area ~ volume ratio. 

Imagine that the three cubes below represent three different sized animals 

(it is easier to use these rather than real animals): let's investigate what 

happens as they increase in size ... 

3 

2 

3 C 
1 

2 

1A 

• F'igure 4'"17 Three cubes representing a11im~ls of dif ferent s,izes 

1 Work out the surface area of each cube .. (Can you see why we are using 
cubes ratherr than real animal,s now?) Th1ink of each cube spread out flat 

(see Figure 4.18 below) and the surface of each sq,uare added together to 
work out the tota I surf ace area. 

• Figure 4~18 A 20 pfa,n of a cube 
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2 Now work out t he vol:ume of each cube, by multip'lying th,e width by the 
breadth by the depth (i.e. bl1ock A has a vo lume of 1 x 1 x '1 = 1' c,m3). 

3 If in a Uy., div'ide the surf ace area by t rhe vo lume to woirk ot1t t he 'surface 
area: vo lum,e ratio'). Copy and complete Table 4. 1. 

• Table 4 .1 What happens as a block incr,eases i11 s~ze? 

A ,(1 x 1) x 6 = 

B (2 ·x 2} X 6 ~ 2x2x2-

C {3 X 3) X 6 = 3x3x3= 

The relationship between two variables may not be obvious - visual 
diagrams can help to reveal unexpected connections and create new 
ideas and avenues for further inquiry. 

4 Imagine now a fourth block, 10 cm x 10 cm, x 10 cm. Calculate the surface 
area: volum1e ratio of this block. 

5 Now sketch a graph showing the re lationship between si,ze and surface 
area: volu,me ratio. Extrapolate your graph out to larg,er dimensions. 
What happens to the ratio as the block continue.s to get larg·er? I's it a 
linear relationship (i.e. a s-t ra ight Jin e)? If it is not a I inear relationship, 
what does this tell you? 

• What associ,ation have you found between surface area and volume as 
organisms increase irn size? 

Science is all about inquiry- but how do we know what questions ta 
ask? Scientific inquiry often starts with some preUminary observations 
which lead us to make a hypothesis about how things work. We can 
then design an investigation to test the predictions we make. 

+ Assessment opportunities 

4 What issues do largier organi,sms fac,e?' 



ACTIVITY: Th1e effect of size and surface area on the mov1ement 
of molecul1es 

1 Take a 4 cm length of agar jeUy with a cross-
secti-ona 'I area of 2 cm2

• The jelly has been made with 
pheno'lpht halein 1ind icator which i1s an indicat or that 
tun,s colourless in the prese nee of acid: the i1,ndicator 
stains the jel1ly [Pink "' Cut the ag,ar brock i'n half to 
create two 2 c1m3 cubes (one of t hese ceUs w ill be 
caned cell A)., The cubes represent model ceUs~ which 
w HI be used to investig;ate how quickly material can 
diffuse t hro ughout t he cell. Cut the other 2 cm3 cube 
in half to create a ceU 2 cm3 by 2 cm3 by 1 cm3 (cell B). 
Cut the rema ining lbfock in half so that yolJI have a 2 cm3 

by 1 cm3, by 1 cm3 ceH (ce ll C) and t he remaining part in 
half again (ceU D). Cut the fhna,I piece in half to create cell 
E so that you have five ceJ Is o,f d i'ffe rent sizes in tota11. 

• Fi 1gure 4~19 App,aratu5 for experiment jnto rate of 
d~ffus~on compared to ceU size 

2 Pllace t he five ,models cells, each of a diffe1rent size, in 
1 M hyd,rochloric acid (make sure you are wearin,g eye 
protection)~ As the acid d,iffuses ,into t he agar "ceUs' 
t he indicator 'Will lose its co:lour and t urn co lourle-ss. 
The acid represe nts essentia l materials needed by t he 
celJ for metabolic reactions - the faste r t he substances 
reach all parts of t he cell, t he more likely the cell is 'to 
survive. 

Safety: Wear eye protection when handling the acid. 
Wash your hands after the experiment. 

Hypothesis 

Formulate and exprain a testable hypothesis using correct 

scientific reasoning. 

Pred ict what will happen to each model cell. Which will 
show the fastest rate of diffusion? Which will show the 
slowest rate of diffusion'? What do you think will happen 

to the surface area :volume as the blocks increase in size? 

Carry out the experiment 

Observe what happens to the model cells. Time how long 

it takes for each eel I to turn completely clear. Compare the 

results and record your data in a table. 

Repeat the experiment to improve reliabi lity; take care 
cutting the cubes to ensure your results are ac.cu rate. 

How could you improve the precision of the experiment? 

0 
reliabHjty Results are repeated so that a me,ain can 
be calculated, and any re,sults that do1 not fit the overaU 
paitt,ern of data can be ~dentif~ed as ainomafous. 

precision The number of ded1mal pla,ces that can be 
re~~a bJy m,easured. For examplel if a dJg~tal ballance can 
measure to two de-dma I plcl!Ges tlhen th ~s ~s the predsion 
that can be recorded in a r,esu frts table. 
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3 Calculate the surf ace a.rea, vo lume and surface 
area : vo lume ratio for e·ach agar block. You nieed at 
least five values for the independent va.r,iable. 

Observe the changes that occur as the blocks 
increase in sirze by measuring the time taken for each 
block to change colour. 

A.ccurrat ely interpret -your data and e)(plain your 
results using correct scientifi c reasoning. 

E:valuate the validity of your hypothesis based on 
t'he outcome of the investigatiron. 

Evaluate the validity of the method based on the 
outco.me of the investigation. 

Explain improvements or extensions to the method 
that would beneiiit the investigation. 

Explain, using the resu1ts from the ex,periment, 
why si ngle-celled orga·nisms can never become very 
bigi 

Explain, using the resu1lts from the expe,riment, 
·why ce lls are the si:ze they are. 

Predict, using t 1he results from the experiment and 
your own knowf edge, what cells can do when they 
become too lar e • -- - --

+ Assessment opportunities 

4 What issues do largier organi·sms fac,e?' 

As organisms ~ncrease 1i n s~ze their surface ar,ea : voi u me ratio 

decreases. 

As obj,ects jncrease ~n size, their volume increases at a fast1er 
rate than their surface ar,ea (as we have s,een). This me.ans 
that larger organis1ms have a smaHer surf ace area compar,ed 
to their size. Liviing things depend on the constant exchange 

of nutrients, gases and wast,e with their ,environment -

sma U er orga n;sms can adh ieve this across th ej r surface 

without the need for speda1lized structures, as the surface 
ar1ea is very large compar,ed to theijr size. larger organi·sms 
need spec~alized structures. to iincrease the surface across 
whkh vjtal materi,als c.an be taken into their body; and 
wastes removed. 

The issue of surfa(je area re~ative to size a~so determines the 
s,ze that ceHs themse,r.ves can be. What happens to a c,eU as 
rt increases rin size? Why might th~s create problem1s for the 

survival of tt, e cell? 

I USED TO THINK , .. , 
BUT NOW I THINK .. . 
Reflect on what you have learnt so far ... 

• Summarize the implications that an increase i.n 
size has for organ isms~ 

• Has you r understanding about how organisms are 
adapted to theiir environment changed as a result 
,of what you have studied so far this chapter? 
Summarize in a few sentences, if this is the case, 
how your tfl'inking has changed. 



BEING BIG -A PROBLEM 
OR A SOLUTION? 
Not al I p1eng ui n s I ive 1i n cold env ~ronments. 
The fa1iry pengiuin H~es r0n 1he coasts of 
Austr,aHa and New :Zealand. look at the two 

phoitos !n Fi1g1ure 4.20: the fa~ry penguin (~eft), 

and the emperor pengiuin (d1ght),. The emperor 

penguin is much larger than the fairy penguin. 

Why do you think this is? 

THINK-PAIR-SHARE 

• Fig u1re 4,.21 Big dogi, smaH dog 

• Figure 4.20 A fafry pengu~n (height = 41 cm) and an 
emp,eror penguin (lhejght ;:.a: 1.3 m} 

Imagine you go to live at the South 
Pole, and want to t .ake a dog with 
you. Predict which dog in Figure 4.21 
would be best suited to these 
conditions. Why is this? Imagine you 

go somewhere to live that is hot, 

such as the Sahara. Predict which 
dog would be best suited to these 
conditions. Why is this? 

Compare the optimal habitat for the 
two dogs. Use your knowledge of the 
effect of size on surface area :volume 

to explain your observations. 
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ACTIVITY: Hovv body size affects the rate of heat loss from animals 

Fairy penguins can be up to 41 cm in length. Emperor 

penguins are, in contrast, the largest species of penguin, 

with male adults reaching up to 1.3 m and weighing 

45kg. The emperor lives in Antarctica and is large, and 

the fairy penguin lives in Australia and New Zealand and 
is small. This experiment investigates the advantage of 
having a larger body size and mass in cold environments. 

You will measure the rate of heat loss in two beakers, 

representing the emperor (large beaker) and fairy 

penguins (smal I beaker). Predict which beaker will lose 
heat the most quickly. 

1 Take two g:lass beakers, one 500 ml and the other 
100 ml .. 

2 FU] the two beakers with hot water (as nea,r to 75 °C 
as possible). 75 °c i,s used because it is .much hi'gher 
than room temperature. 

3 Immediately start recording the temperature in 

each beaker with the thermometer. Record the 
temperature in each beaker every minute for 
15 1m,inutes .. l,f you have data-logging equip1ment use i't 
to record your data. 

4 Plot graphs of the resu Its. Make sure tlh e g'.raphs a're 
properly l1abel led. 

I Safety: Take care handling the hot water. I 

4 What issues do largier organi·sms fac,e?' 

5 Dtd your results match your 'predictton? Explain why 
one beaker had a s'Jower rate of heat loss than the· 
other, using your knowledge of surface area: volume 
ratio~ Which environment woul1d this penguin live in? 

• Figure 4~22 Penguin ,exper~ment 
---------------------

+ Assessment opportunities 



The photos in Figure 4.23 show pairs of animals from dirfter1ent parts of the world. 

Both bears and foxes are found in both warm/temperate environm1ents. and also 

co~d/northern environm,ents. The, sun bear (upper llef t) is found in 1he, rainforests 

of Southeast As~a, and is. the· sm,aUest bear speci1es .. The po,ar bear (bottom rlght) 
is the !largest bear species, and 1s found in the Arctk C~rd,e. The, European (or 
'red') fox (bottom left) is found throughout northern hemisphere, from Europe 
through to North Afrka,. Centr.al Amerka and Asia. The Arctk frnc (top right) is, 
native to the Arct~c Cjrcle,. 

Look carefuUy at the photos in Figure 4.23. How are the animals adapted to the 

envfronment they live in? Think about their size and shape - how do these factors 

adapt them for colldl or warmer condjtions?' 

Write down ,a.s miany a,daptations for each animal ,as you ca,n think of, and the 
reasons for each adaptation. Do this no·w. 

Many Arctic animals,. such as the polar bear, have white fur made ,of holllow 
hairs, whkh act as cam1ouflage and trap warm air next to the skin. Sunlight is 
trans1miit1ed down the· haks to, the bear1s black skin, which absorbs the light and 

changes i1t to heat. But if you look carefully at these animals, you win also see that 
the shapes of the, animals are different depending on where they are found in the 
wo,rJd. Why ~s thi1s? How does shape help them adapt to their env~ronmient? 

Larger an~ma~s found in warmer envir,onments find it diff~cult to lose heat. 
They can ige1 round this by incr,eaSJing their surfac,e area, by hav1ng ~arge ,ears (the 
African ,eilephant is a good example of this- see Figure 4.1) or spending much of 

the day ,n water (the hippopotamus only em,er,ges frorm rivers once the hot sun 

has set feeding ,on grass in the savannah during the cool of the night). 

Larger an~mais need ,greater amounts o,f food and energry to support their 

metaboHsm. More ce,lls mean more n1Jtdents. This can be an issue for iarger 
animals. However, smaH,er animals, because they ~ose more heat, have to have a 
relatively high metaboUc rate (r,ate· o,f respiration), to sustajn life, priac,esses -what 
issues. does this raise for the·m 7 
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• Figure 4.23 Foxes, a1nd bears fr,om different env~ronments 



THINK- PAIR-SHARE 
Figure 4.24-shows the relationship between 
the volume and surf ace area of different three­
dimensional shapes. 
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• Figu1re 4.24 Graphs of surface area against vo~um,e 
for different solid shap,e·s 

Compare the curve for the sphere with the curve for 

the pyramid. Which has the greatest ratio? Which has 
the smallest ratio? Use this information to identify the 
op-timum shape for animals in cold environments. 

1 + Assessment opportunities 

HOW DOES SHAPE AFFECT 
SURFACE AREA :VOLUME 
RATIO? 
An ain imal with a1 sma H surf ac,e area : voi ume r ati,o is wel I 
adapted to, cold enV1ronments as it win !ose heat more 

slowly than other animals. 

Body shape ~s an jmportant adaptat~on in anima!-s. We hav,e 
already se,en how surfac-e ar,ea to volume ratio decreases 
wnh incr,easing volume- thi1s is shown again in the graph 
of djfferent sha1pes (left). Surface area de,creases for 
rounder shapes, and ~ncre,as,es with shapes such as cubes. 
and pyram1ids. But what effect does this have on animais, 
or even plants come to that?' Look ag.ai n at the animals in 

Figure 4. 2 3. Are the animals from warm,er environm,ents 

the sa1me shapes as those from1 the North and South Po,les? 
What shape, a re the an~mals from the ice and snow-covered 
habitats? Which shap,e w-ou Id minirmize thei1r surface area 
compared to their volume,, redudng heat loss and increasiing 
chances of survival? Angular or sphericat? 

The body shape, of animals in colder environments is 
adapted to mtn~1mize heat loss. leg1s, ears and taill tend to 

be shorter, which a~so helps to conserve heat. For example, 

compar,ed with 1he red fox~ the Arctic fox has a rounder 
body, thkkerr fur, shorter legis and ta~t as weU as a shorter 
m1uzzi,e and ears. Having a llower surface area for their size. 
by beingi rounder ~n shape, m,eans that animals such ais the 
emperor penguin and polar bear lose less heat compared 
to the1ir relatives fro,m warmer d i1mates. As we can -see, the 

best shape for an animal! jn cold environments would be a 

perfect sphere! This ~sn't a very practical shape for a bjrd 

that swims,. but the shap,e of a penguin is fairly d,ose to th is. 

Critical-thinking skills: ldentifyi ng similarities and 
differences between things is a good way to see 

' patterns' and connections - and these help us to 
understand the bigger picture. 
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ACTIVITY: Hovv animal 
behaviour can improv1e the 
chances of survival 

ATL 

• .Cri~ical~think_h,g sk.ills: Eyalua~~-: eviden~~ 

1 Take eight test tubes~ These wUJ represent individual 
penguins (i1n the sam,e way that w,e used beakers to 
model penguins irn the Activity on page 99). 

2 Set up one test tube by itself t and the remaining seven 

test tubes into a bundle, held by an elastic band. 

• Figure 4~25 Penguin-hudd!i11g ,experj1ment 

3 Put water that has just boiled into each test tube. 
Firl each test tube two-thi 1rds full. TAKE CARE with 
the hot water. 

HuddHng i1n emiperor pengiuins reduces heat loss. The male· 

em1p,eror endures a 115-day ordeal, d uring1 wh~ch he, courts .. 
mates and incubates an eg9 without 1eating a singlle meat. 
Aion9 with this.1 he has. to cope with w~nd-chilll temperatures 
reaching down to minus 60°C. The ma~es. conserve their 
energy by huiddlingi together to ke,ep warm. Emperor 

pengu~ns have to face freezing winds (c,aUed katabat~c 
winds), wh 1ch blow off the polar plateau and ~nteri stfy the 

,cold. HuddHng cuts the heat loss by as much as 50°/o,. and 
enablles mai,es tar survtve the l1on9 incubation fast s.inGe the 
warme,r they a re, the ~onger their fat lasts. 

4 What issues do largier organi·sms fac,e?' 

4 rmmediately put a thermomete.r into the central test 
tube in the huddle, one at the edge of the huddle~ 
and one in the soUtary tube. 

Predict which penguin will lose the most heat" and 
whiich wiU I ose the least heat. 

5 Record the temperature ·for 15 minutes. Do this ·for 
the test tuibe on its ow,n, the one in the midd·le of the 
huddle and one at the edge of the hudd:le. 

6 Plot the data for each of the three penguins on a 
graph~ Explain what is shown. Use what you have 
learnt about surf ace area ·: volume ratio to explain 
why the-huddte lost Jess heat than the sotitary 

. 
penguin. 

T~e ~widlt tlots ~ 0~ l6tr9e oret:tvis~ - its tcn-eer S~e mettM 
tvi~t ~t kas A Lawer s~rf"ct ~n" co!M.~R rtri to ~ts voll-<me t"'d 
t~e rtf ore loses ~ ~tat. 

Information literacy ski I Is: Processing data and 

reporting results are essential skills in scientific 

research. 

Safety! Take care handling the hot water. Ask your 
teacher to fill the test tubes. Remain standing 
throu hout the ex eriment in case of s illa es. 

---------------------

+ Assessment opportunities 

As w,e have seen abov,e, the large huddli,e has a lower 

surface are,a1: vo~ume ratio than a so~itary penguin, so that 

~ess heat is lost This shows that ,animal behaviour can also 
be re~ated to the concept of surlac,e area relative to size, as 
well as the other issues we have explor1ed in thfs chapter. 
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ACTIVITY: Hovv can large 
animals be best protected? 
Choose an animal that is under threat of extinction 
using one of these sites: 

www.wwf.org .uk/wild life/ 

www.iucnredlist.org/ 

Find out about ways in which the species can be 
protected. Use science to explain how the scientific 

solutions would work, for example one based on 

the area required by the animal to survive relating 
to its reproductive capacity, population size, and 
habitat requirements. Which ways do you th ink 
would work best for the species you have selected? 
You must think about the pros and cons of in situ 
and ex situ conservation. Could CITES (Convention 

on International Trade in Endangered Species of 

Wild Fauna and Flora - an organization helping to 
control the trade in endangered species) play a role in 
protecting your species? 

Here is an example of how one species of large 

mammal is being protected: 

www.worldwi Id life.o rg/specieslelephant 

Write your research findings in the form of· a report 

to the government, and make a recommendation at 

the end: what are the best ways, in your view, for 
improving the chances of survival of your endangered 
animal? Make sure you use science to explain how the 

scientific solutions would work. 

+ Assessment opportunities 

4 What issues do largier organi,sms fac,e?' 

WHAT ISSUES DO LARGER 
ORGANISMS FACE? 
As organ~sms increase in s~ze their surface area does not 
increase at the same rate, as their mass or vo,ume: this not 

only ,affects how b~g ceHs can be, but also e,xplains why 

l,arger animals need spedalirzed structures .such as lungs and 
intestines. In order to maintain themselves and sustain I ~fe, 

food and oxygen needs to be taken into ceHs and wast1es 
removed ,(Chapter 3}. Surface area :volum1e explains why 

ceUs can't simply get b~g9er and bi9ger, as abov,e a certa~n 

s~ze, they wo,u~d no1 be able to absorb fast enough aU the 
substances they need to survive - th~s is why tissues and 
organs (Chapter 1} are needed, built out of many m,mons of 
indiv~duai cellls, in larger organisms. It explains why leaves 

are flat and animals in colder env~ronments have a rounder 

body shape than their relat ives in warmer dimates. 

In the next chapter, w 1e wrn be, cons1dering how artifiidal 

and naturallly oc.curringi factors affect humain hea!th. Some 
illnesses affect the funcdoniingi of the human body by 
redudng the surf acre area nf certain nrgans - me,aning that 

the sub~tances needed by the, body cannot be c1bsorbed 
fast enough. We wm see how surface area, ~n rellation to 

the volume of living things,, can explain the causes of certain 

illlnesses. in addrtion to the various issues we have exp~ored 

in th ~s chapter. 



SOME SUMMATIVE PROBLEMS 
TO TRY 
Use thesie problems to apply and extend your learning in 
this chapter. Thes,e pr,oblem1s are designed so that you can 
,evaluate your ~earn~ng: at diifferent leve~s of achj~vement in 
Criterion A: Kn owing ,and Understanding. 

THJS PROBLEM CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 1- 2 

1 Usi1ng what you have learnt in th~s chapter, try to impr,ove 
your explana~ons for the effect that shape has on 
surface area: volume ratio. 

The tabie below shows five objects that graduaHy 
becom1e flaitt,er. Ob1ect 1 js a cube, whi1ch is then 

graduallly f~attened more and more (objects 2-5). 

The original cube, is made th~nner and thinner while 

maintaining the 1original volume. find out what happens 
to the surface area and surface area : volume ratio as the 

box is fiattened by completing the table bel,ow. 
a State the rela~onship between surface area and 

volume as organisms 1incre,ase in size. 
b Using the data in the tab~e, suggest a soriution that 

explains why surface area increases even though the 

voium,e of the anjmrals stays the same. 

• Table 4.2 What effect does flatteningi an object hav,e 
on ~ts surfa,ce, area: vo~um1e ra1i 10? 

11 4 4 4 

2 2 8 4 

3 1 8 8 

4 0.5 16 ,8 

5 0.25 16 16 

c Interpret the data to make a judgemen1 as to why 

flatwoirms (phylum Piatyheiminthe·s) do not need 

spedali1zed surfaces for absorbing oxygen or food into 
their bod~es. 

THIS PROBLEM CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRfTERtON A TO LEVEL 3-4 

2 Tihe graph below shows the reiationsh ip between 

surface ar,ea : vo~ume ratio and the size· of an object. 
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• Figure 4.28 The relat~onsh,p between size and surfaice 
are.a : volume ratio 

a oudin1e the relatijonship between surface 
area :vo~um,e and 1he size of an object. 

b Apply your knowledge of surface area and volume 
to expiajn the re~at~onship between surface 

area :vo!um,e ratio and the s,ize of an object s,hown 1in 
the graph. 

c Interpret the data to make a sdentificaUy supported 

judgement to expliain how surface area :volume ratio 

I im Its cell I s1ze. 

192 256 

224 256 

320 256 

560 256 

1056 256 
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THIS PROBLEM CAN BE USED TO EVALUATE YOUR LEARNING IN 
CRITERION A TO LEVEL 5-6 

3 The f0Uow1ing d~agram1 shows the gas exchange surfaces (alveoli) of a healthy 
person and someone w~th ai d~sease caU,ed emphysema. Emphys·ema can be 
caused by dgannte sm1oking over a !ong period of t~me. Persist,ent coughingi 
by the s1moker, and damage from chemicals in the dgarette tar, dam.age the 
wa Hs of the alveoli. 

14-- En I arg ed a:lveoU 

Fewer cap ii la ri e s 

Lungs 

Normal 
bmnch·iol,e and 
alveo l1j, 

• Figure 4.291 Healthy and affect~d a~veoii 1n some,onei with emphysema1 

Figure· 4.30 shows s!rides made fr,om sections of lungs taken from a healthy 
p,erson (l,eft) and someone with ,emphysema (right). 

a Describe how the structure of the alveol~ of a healthy person re ll,ates to 

their fiunction. 

b Describe the dffference between lhealrthy alveo,H and those fro1m a person 
with emphysema. 

c How would the differences you have observed affect the person w1ith 
emiphysem,a (i.e. what symptoms wou~d they show)? Anal'yse the photns 
so you can m.ake a sdentifkaHy supported judgement. 

• Figure 4 .. 30 (a) Alveoli1 of a hea~thy person, (b) ailveoll i ,of someone with emphysema 

4 What issues do largier organi·sms fac,e?' 

.. 

l!I 



THIS PROBLEM CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERI01N A TO LEVEL 7- 8 

4 Look at F~gure 4.31 below, showi11n9 the smaH intest~ne of 
a healthy person (left) and someone whh ain rnness called 
coeU,ac d~sease ,(dght). 

Coe~iac dis,2ase is caused when a person is aHergic to 
glut,en - an immune response, ~n reaction to any gluten 

in the food eaten, ,causes the defence m,echanisms to 
attack the person's ovvn gut tissue. 

Analyse the jnformati1on you have been giiven 

about coe,l~ac disease to m1ake a sdentif~ca1lly supported 
judgement about the symptoms you w,ould expe,ct a 
person with coeUac disease to show. 

b 

• Figure 4 .. 31 {a) The small intestine ,of ,a1 healthy person, (lb) someone with coe,iac diseas,e 
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Reflection 
In this chapter we have seen how size affects the way that organisms interact 

with their ,environm,ent. We have explored how many sden11ifk phenomiena, 
such as ceU si2e, 1he shape of an1malls ~n different environments, and huddling 
behaviour in emperor penguins,, can be explained using1 the concept ,of surf.a1ce 
area :volume ratio. We have explained why ~arger an~mais need specialized 
structures such as lungs and int,estines in order to ma~ntajn body processes. 

We have had opportunjty to develop as a th~nker through var~ous criticall-th~nk,ng 
activiti,es. 

(,,;' -- - ----•• _.. I<'""" 

~1,~ams1;1;,{::>11u .. ,~al'.:I.._tr•J~lI••••.a•ll,f,l11d[:r.11111111uK111"R.l1111-'1{e111\W111:.i--~ 

IFactual: In what ways are organ~sms adapted to the e.nv~ronmsn1: 
1hey live, in? What structures do larger organis,ms have in order 
to effidently exchange nutrients. gase.s and was1J:e wjth their 
env•ronrnent7 What ,are the adlaptati1ons or spedalized f,eatures oi 
ceH s. tissues, and organs that iin c:rease suriace are.a? 

Conceptua l; How does -the s1ize ,of an organism determine t.1s needs 
for ,energiy and nutrjents? What rolle does surf ace, ,area : volun1e irat,,o 
pia1y in deterrnin~ng the, effidency of transfer of substances ,into, and 
out of organjsms? How does the shape oi an orgianjsm hellp adapt 
it 10 the envi1ronment 1it ll~ves in? How does the behavi1our ,of an 
an ~m,a1II hei p adapt ~t to the environment it II iv@s in? 

Debatable: How important ;s rt to protect endang,ered animaJs7 
How can the design oi conservatiori area,s, and zoos, hellp meet the 
needs and support the survival of larg,er an~mals?' 

Approaches to lean11ing you used ~n thh; chapter 

Crit ica 1-th inking skills 

Creative .. thin king skills 

Answers we found 

Description -what new skms 
diid you learn? 

Any further questions no,w7 

How well I did y,ou rmaster the 
skiiBs? 

L. 
QJ 
C 

!,,,,. 0 
~ QJ ",l:l t: 
·s E ·-e (I) 

0 cg l'tl ~ z ~ lo... 

a.. UJ 

l earner profile attr1bu1e(s) How d~d you de1mons1rate your skms a~ a thinker jn thrs 
chapte r? 

Thinker 
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CONSIDER AND ANSWER 
THESE QUESTIONS: 

Factual: What n1ust happen inside 
the human body in order to for us 

to be healthy? What are external 

conditions that contribute to our 

health? 

Conceptual: How are biological 

processes in our bodies, the 
conditions we live in and our 

lifestyles related so that their 
interactions have iConseq uences for 
our overall h1ealth? 

Debatable: What does it mean to 
be healthy? Do you think access to 
health care and a healthy I ifestyle 

are rights or privi ieges? 

Now sha re and corn pare your 

thoughts and ideas with your 

partner, or with the whole class. 

• Figure 5 .. 1 Ne1ig1hbourhoods jn Corfu, Greec,e (left), and Santiago, ChUe (right) 

IN THIS CHAPTER, WE WILL ... 
• Find 1out how different types of lliving condit1ions and environments 

influence, human health and how diseases can spread within ,a popuiat~on. 

• Explore different types of disease and the mechanisms our bodies have to 
ma1intain or rre-estabiish our heallth . 

• Take acti·1on by raising awareness of strateg,es thait wm support .and 
improve human heallth. 

These Approaches to 
Learning (ATL) skills 
will be useful ... 

• Communication skills. 

• Me.cl.i_aJi~eracy, s~i ils 
.' ' .• . 

• . cr.itica_l-t_tlir,~ing::skiU.s 

• Tr~n~fet:skills 

• O'rganizat_~p_n skills 

111 loformatio.n litera·c·y skills 

disease 

host 
welfare 
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THINK- PAIR- SHARE 

• Figure 5.2 'Hea~th' can have many forms 

What do we consjder to be 'healt hy·? 

Think about someone who you would describe as 
really 'healthy'. This person could be you, someone you 
know personally (like one of your parents) or someone 

you have only seen or heard about (like an athlete). 
Ask yourself, 'What is it that makes me think this person 
is healthy?' Fill in your ideas in a table, like this one: 

The hea~thy person is: 

Physical 
cha racteristic:s 
that m1ake me 
think this person 
is hea~thy 

Actions ~is 
person does that 
1make m,e thjnk 
slhe ~s healthy 

5 What factors affect human lh,ealth?' 

Other things 
about this person 
that make me 
1hi1nk s/he is 
hea'ltny 

Pair up with a partner. Share your lists with each other. 
Compare your lists to identify what is similar and 

different in your ideas about a healthy person. 

Next, combine the ideas you agreed on in order to try 
and write one 'big idea' of what makes a person healthy. 
Put your 'big idea' into one sentence and complete this 
sentence: 'A person is healthy when ... '. 

Finally, share your ideas with the class, so that everyone's 
'big ideas' can be written down in a common learning 

place. You will go back to reflect on and add to these 
'big ideas' as you learn more about the factors affecting 

human health. 



When was -die ~ast tim1e you wer,e skk enough to stay home from1 schoo~? 
How did you feel?' Maybe you had a headache or stomach-ache or sore throat 
or som,e combinat~on of all thr,ee. Maybe yO'Lir body feU sore or you had ai fever. 

Probably, y,ou felt tired .and fue only th~ng you wanted to do was stay in bed ,or he 
on the, sofa. 

What d~d you do to fee1 better? Did you drink some tea and just rest? Or diid you 

go to the doctor to, get some m,edidn,e? Or were you so s11ck that you had to gio 

to the hos,pitaf for treatment? 

Whatever the cas,e, you were probably not very happy when you were sidk, .and 

w,ere rei1iev,ed on 1he day you start,ed 1o f,eel better. It happens to everyone .. . 

everyone gets sick at so1me t~me or another. But the bigi question is ... 'why?' 
Why do we get skk? Why do w,e have ar fever or headache or st,omach-ache? 
Why do some people giet skk ,often and others only rarely?' Why do people in 
so,me parts of the world suffer fro1m 
frequent, senou s disease, while in 
other parts of the world people 

gen era! ly live healthy ~ ives? Wh1y do 
some illlnesses ,come and go quickly 
wirth hard~y any symptoms, while 
others last a long tim,e - ,even a lif,etime 
- and can ,even cause death? 

In this chapter, w,e wrn look for 
answers to these questions and more. 
We, will explore what factors contr~bute 
to health, and we wil I consider the role, 

,of governments and leaders in order 
to ensure thei1r dtizens are he,a~thy. 
We wi1H use our kn,owiedge arnd 
understanding1 about heahh in order to 

develop strategi,es and suggiestions for 
irmproving heatth, whkh we w~I I share 
with others because, as the sayii n g 

goesi 'He who has heaJth has hope; 
and he who has hope has everyth~ng'. • IFig u re 5.,3 How do you know you ar,e 'sick1? 
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THE WORLD HEALTH ORGANIZATION 
The World Health Organjzatiio,n (WHO) is part of the United Nations system; rt is a 
woddwiide authority that provides leadership and support for health and he,ailth­
rellated matters i1n d~ffer,ent countrjes and regjons around the world. 

Just Uke many countri,es and !large org1a11izations, the W HO has a oonstttut ion in 
which 1i1 s vai u es and prind pies for leadership are outlined. Read the pre am bl,e 

of the WHO's constitut ion, wher,e you win find the WHO's definitllon of and 

expectat ions for health: 

·. 

CONSTITUTION OF THE WORLD HEALTH ORGANIZATION 
THE STATES Parties to this Constitution declare, in conformity \Vith the Charter of the 
United Natio115. that the follo,\ring p1inciples ai·e basic to th.1e happiness, harmonious 

relations and security of all peoples: 
• Health is a state of complete physical, mental and social well-being and not n1erely the 

ab enc of di ea or infirmity. 
• The , j ym nt of th high t attainabl "'tanda .. cl of h alth i one of th. fundam ntal 

right of every human b ing ,vithout distinction of race, 1·cligion, political beH f, 
economic or social condition. 

• The health of all peoples is fundrunental to the attai1unent of peace at1d seCLU·ity and is 

dependent upon the fullest co-operation of individuals and States. 

• The achieven1ent of any State in the pron1otio11 and protection of health is of value to all. 

• Unequal developn1ent in different count1·ies in the pro111otion of health and control of 

disea ~. especiall r 1communicabl diseas , i a co111mon danger. 
• Healthy d ::rv lopment of th child i o ba ic importanc.,;; th ability to liv harmoniously 

in a changing total environm nt is . scntial to uch deve1opn1ent. 
• The extension to all peoples of the benefits of 1nedical, psychological and related 

knowledge is essential to the fullest attainment of health. 
• Informed opinion and active co-operation on the pa1·t of the public are of the utinost 

in1portance in the improvement of the health of the people. 

• Governments have a responsibility for the health of their peoples Vi.rhich can be fulfilled 

011.ly by th provi ion of adequat h~alth and social 1neasu1 ... 

5 What factors affect human lh,ealth?' 



In this activity, you wi II critically and actively read the 
preamble of the constitution of the WHO. You will 
identify which of the expectations for heatth can be 
addressed using science or scientific developments, and 
share your ideas. 

lnstructi ons for critica 1 and active reading: 
• Identify, a·nid h1i9hl'ight or un:derfine the WHO's 

definition ,of IJhea·lth'. 
• Use the Connect- ·Extend- Chal'lenge tab.le (Table 5.1) 

to fo,cus Y'OU·r atten1tion and write down and organize 
your thoughts whi:le 1reading. 

After the active and cri1tical reading •.. 

• In pairs, compare your notes: 
o Did you identify the sa.me defjnition ·for health? 
o In what similar and different ways did you 

Connect- Extend- Challenge? 

• Tablie 5~1 Connect- Extend=ChaUeng,e 

While reading the preamble of 
W H O's constitution, there were ... 

~deas that CONNECT to sdence or 
sdentifk developments 

Notes from read ing 

Expectations for health 

• Use your 'wanderings' from your Challenge notes to 
write one or 1m1ore debatable question(s). 

With the class: 
• Share your ideas wi1h the class, and add to the l1ist of 

'bi,g ideas' about health. 
• Share your debatabre question(s} for discussion now 

or later on in the class. 

By the end of t he chapter: 
• Take the role of a journalist fo .r a weekly science 

colu1m.n and write an edltodaJ co1lumn about the 
expectations for health that are i1n the WHO's 
constiitution. 
o Ex.plain WH O's ·expectations for health and the 

·ways in which science is used to address these. 
o Evaluate the impacts of cultural, econom,icaJ, 

environmental, ·ethical, ,moral political and sociial 
factors on the implications of app[ying sdence to 
address the WHO's expectations for health. 

o Consi1stently apply scientiJjc language and cite 
your sou r.ces .. 

+ Assessment opportunities 

How science can be used to meet the 
expectations 

Ideas that EXTEND my ori,g~ nai ideas 
alba ut heaJth 

I used to, th~:nk that health i,s . ... . . . bu1 now I th mik 'hea hh ' can aJs,o be .. . 

Ideas that CHALLENGE my w ay of 
think~ng, or make 1me wonder more 
about health 

I don't quite understand these jdeas: 

I wonder: 
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EXTENSION 

- -.1 • Figure 5 .. 4 Going to hospita~ ~n 
Vietnam, Ghana and the United! 
States 

ATL 

• ·Megja_ I iter~cy .. s~ills.;. lo~at;~, org~nize, ~n~~yse·~ eval_y~~-~, ·synthe:~i:z~ 
and ·ethicaiiy··use ·info"rmation fr'o"rn a va'rietx of ·so~rce·s a'n'd m'ed1a 

• .. COll)rhU nication .skills: ~ead c:"rft(caHy and :'for comprehension 

Do countries value and put as much emphasis on health as 

the WHO? How many countries do you think include in their 

constitutions provisions for the health, or welfare, of their citizens? 

You and your classmates can do some research to find out. You can 
find the constitution of many different countries translated to Eng I ish 
and available online in PDF. Then, you can do a quick word search in 
the constitution to find out if or how often the constitution refers to 
the government's role in the hea Ith or welfare of its people. 

Here's how: 

• Open the search engine of your choice. 

• Type in the name of the country you a re interested in, foll owed 

by the words constitution pdf. For example, if you are interested 
in learning about Turkey, you would type into the search bar 
Turkey constitution pdf. 

• Once you have found the constitution .. do a word search for 
'he.a Ith' and then for 'welfare'. To search for a word, if you are 
using a Mac, hold down the 'command' and 'f' keys at the same 
time; if you are on a PC,, hold down the 'CTRL' and 'f' keys. When 

the word-find search bar opens, type in the word you are looking 

for. The word-find search bar will tell you how many times the 
word a pp ears in the document~ which you wil I find highlighted 
in the text; scrol I through to locate the words. If the word is not 

present in the document, the search bar will say O or will be blank. 

What did you find? Share the results with your class. What do your 

findings tel I you about the i mporta nee of hea Ith and we If are in 
different countries around the world? 

5 What factors affect human lh,ealth?' 

DISCUSS 
• To what extent do you agree 

or disagree wrth the WHO's 
definiiti on of health as ' ... a 
state of complete physical, 
menta.l an,d social weU-being 
a 1nd not merely the absence of 
d,isease or inf,irmi1ty'7 

• How do you ieel about 
statement that 'Governments 

have a responsibil'ity forth e 
health of their peoples which 
can be fulf.iUed only by the 
provisi,on of adeq·uate health 
and sociall 1m easu.res ... '? 
Do you agree or d'isagr-ee'? 

• Jn what ways can science and 
scientific devefopments be 
a,ppilied and used to address 
the issue of public health as 
it i:s d1iscussed in the WHO's 
constitution? 
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• Figure 51.5 A drop of water 

A simp~e drop of water; you consurme "thousands of drops 

of water just iike this ,every day, totamngi milhons in your 

lifet~me. 

Have you ever stopped to think about what ~s in ,each drop of 

waiter that you drink? ,Of course, it is made up of hydrogen 
and o,xygen atoms bonded together, but there 1is more. 

Water ,often contains many d~ss,oived mineralls that ,our 

body cells use to perform the ,celllular funchons whjah 
g~ve us ,energy and he~ p us grow. But there are also tiny 
micro-organisms floa1t~ng and Jriving ~n eadh drop of water 

we co11sume. 

In addli~on to being found in wate,r, mkr,o-organjsms cover 
Uterally every surface of everything that surrounds us ... 
they ,cov,er the top of your desk, your kitahen table, your 

toothbrush, your plate, money and even the· food you are 
,eating. Mkro-organisms are floating ~n the air we breathe 
iin and out throughout our lives. Our own bodies are ev,en 

,covered by and filledl wjth micro-organisms- ~n fact believe 

rt or not·, we have more singlle-celled micro-orgianisms l~ving 
on and in our bodies than we hav,e of our ,own body ,cells~ 

SodlQm Na• 1.3,2 
Calcti.n ea,. 29.1 
~ 11estum Mg~ 3,0 
CliOfide er 31J 
Sulpbale sru- 42 7 
filtrate NOi -!i05 • 

-

• Figure 5 .. 6 8,otded water usually contains dissolved 
mjnera~s, 

But before you get nervous, it !S important to know that 

the majority of those m~cro-organisms are harml,ess or even 

benefit our body: in fact many of these micro-organisims 
on and ~n our bodies are, singlle-,ce,Hed bacteria that 

contribute to our health by protecting us from harm,ful 
micro-organisms and he~p~ng us to d~gest our food. 

The ha1rmiess bacteria pass ~nto and o,ut of ,our bodies 

wiithout us ever knowing; the benefidai bacteria (som1etimes 

referred to as 'prob~otks' since 'pro' m,eans ' in favour of' 

and 'biot:ic' means 'living things') are actually necessairy 

components of our digestive system because they ,ensure 
we break down foods and ma~e the nutrients in our food 
avaUable,, so that we can be weU-nourished aind heallthy. 

• Figure 5 .. 7 Mo,st water contains thousands ,of 
m~,c re-organisms 
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• f i,g ure 5.8 These p~1thogens can cause d~sease rf they find their way ~nto the, human body. From left to rii 1ght Ebo~a 
vrrrus, cho~ era ba cteni a and Giard ia protozoa 

Pa1thog,ens, 

Bacteria and viruses 
So,m,e of the mkr1o~organ~sms that surround us can be 

harmful to our body and health; these types of harmful 

micro-organisms are known as pathogens (from1 'pathos,' 

rneaning 'disease" or 'suffering' and '-gen,' meaning 'giving 

r~se to'); they are bacteria; viruses oir parasites which can 
us,e or destroy our body ,ceUs for their own survrva~, whUe 
caus1ng d~seas.es that make a person feel m. 
What happens that causes us to feel iU when those disease­

iCausing pathogens enter our bodies? We wrn take a do,ser 

look at that now. 

Uke other orgiani1sms, m1kro-orgaini.sms need a p,ac,e to 

Hrve with the temperature, amount of water and balance 
of nutrients that are appr,opriate for ~hem to survive and 
r,2produce. for m,any rmiciro-org,anisms, induding pathogens, 
inside the human body ~s the perfect env11ronment normal 
body temperature, (between 36 and 37 °C) and the dissollved 
substances in our bJood and cells create an ideal habitat 

for them to carry out aH of the1i r !if e functions ... you ea n 

~magine the pathog,ens Ulke people on .a war1m summer beach 

hol~da1y wjth a non-stop buffet, weU-rested and enjoying 
themse~es wnh the nice w,eather and deUdous food! 

Micro ... organ~sms enter our bodies from openings such as 
the mouth, eyes, nos:e or an open cut. Micro-organisms 

get access through these body openings ~n m,any different 

ways, including in the water we drink, the, food we eat, the 

air w,e b reafue .. or from our hands. If the mkro-iar,ga n isms 
are ab!e to pass through some of the barri1ers to m~cro­
organis,ms ~n our body, such as nose ha~rs, stidky mucus 

5 What factors affect human lh,ealth?' 

covenng our eyes and mi0uth and nose, and stomach 
add, they fjnd themselves ini this warm and food-filled 
·'holiday" environment, and ,t js very easy for them to liv,e 
and reproduce. Soon, in these perf,ect livj ng conditions, 

the number of mkro-or1ganisms multipi~es very qukkfy and 

they circulate throughout the badly along wah the b~ood 

and other body f!ujds. If, as we mentioned before; -these 

m1kro-organisms are of the harmless or beneficia~ varietyt 
we do not even notice they are ther1e. However~ if these 
m1i,cro-,organisms are ,of 1he pat hogenk sort., ,a disease may 
start to develop and we may fe~ ill. 

• Figure 5.9 Just like p1eople, mkrobes have ideal 
condjt~ons in which to grow and reproduce 



• Figure 5.10 Mkro-org1an;sms, such as 1he,s.e yeast ce·lls (le,ft) and MRSA 
bacteri1a reeUs (right) repr,oduce asexually, doubl~ng the~r ceUular contents .and 
divid,ng as in mitosis 

Why, you m~ght be wondering, do we feel iH as a r,esult of having these 

p.athogienk mi,aro-,organisms growing i1ns1de us? It ~s because some of them, such 

as bacteria, produce and rel,ease waste materials, in a simila1r way to how humans 
and other Hving things produce and r,elease waste·. Some of the waste miaterial.s 
that pathog,en~c bact,~ri1a prodluc~ and then relea1se into, our body are toxins -
smalll amounts of 'paiison' that enter body ceHs# dlam.a1ging or kiUing our healthy 
body ceUs, and making1 uSi feei unweJI in the process. 

Other pathogens, such as viruses, make us feel rn for another reason. Viruses do 
not contain aU of the components or mechan~sms neoessary tor reproduction. 

For that reason, virus,es are1 not capable of reproducing on their own; iinstead, 

they must enter into o1her healthy cells and take ,over the reproductive1 

mechaintsms of those ieeUs. When this happens, the healithy host c1eUs use their 
o,wn cellul.ar components to a1ssemb~e new viruses. Soon, the host ceUs fin wjth 

the, newiy assemib led vi1ru ses, untj I the host c,el I no I anger can sup pairt its own 

needs, for survival!. At this point, the host ce,lls burst open, rel,easing aU of the 
newly formed viruses. Therefore, during a viral infection, our body ceHs that host 

the virus die when they burst open and n2lea se the ,oopied viruses; ij n addj1~ on, al II 

of the copies of the vfrus ,are now inside, the body, re,ady t,o inf,ect and get ,copi,ed 
by nea1rby lbody ceHs, wh~ch willl a~so di1e in the process. 

• Figu·re 5~11 ,CJostridium botulinum, 
~s a1 type ,of ba cter~ um that 
produces a toxin that ea n ea use 
disease in humans. It ,g1rows 
in ,canned foods that have not 
been appropdately preserved, 
and prod ueie 5 a toxin that causes 
botulism poisoni1ng1, resulting in 
serious food poijs,oning or even 
death. The exotox~ns produced by 
C. botulinum are also used ~n the 
~n je,cti ons for Botox tr,eatm ents 
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• Figure 5 .. 12 We can see i1n this H.erpes simplex virus 
infection the r,ed~co1loured He~pes v~rus entering ~nto, 
being1 copied by and breaking out of the ho,st aell 

• Figu1re 5 .. 13 The HIV part~des are 'budding' or growing 
off frorm their host ceH after they have taken over the 
g1enetic and function.al 'machinery1 of the host ceH. This 
process wm kin the host cell and wrn lead to thousands of 
copjes of the virus beiing released irnto the human body 

Virus ra.....-Protein coat (cove,frng) of virus 

Host c:e tl 

Figure 5.14 A summary of the way in which a virus is replkatedl by ijts 
host cell 

Parasites 
Parasites have different ways of making us fee,l ~H. Because, parasites may be 
single-c-ellled mkro-organ~smrs sudh as amoebas, or ~arger, municellular organrsms 

such ias worms., their 111tera,ctii0ns with the host body 0211s differ W1de~y. However, 
the end result 1is that the parasi,te uses the host as a source of nutr;entsJ: depriving 
the host of 1he substances 1it needs, for its ,own survjvat 

5 What factors affect human lh,ealth?' 

ACTIVITY: A virus 
infection 

ATL 

·• Cr:_~icaJ~thi_n.~i_hg ~~~Us: Use· 
mo·d.~lsto explo·re complex" 
sy_~tems 

In pairs, discuss what is 

happening in each stage of 

Figure 5.14. Write down the 

stages of infection next to each 

letter in the f igure. 



• Frigure 5.15 These vfrus part~des (mustrated in green) 
are suited for the, ,conditions provided by the host 
ce·ils in the I u ngs; as the I urn g cells m1a ke copies of and 
release more of the, v1irus into the lung tissue, ~t causes 
the human host to produce phlegm ,and cough in an 
attempt to rid the body of the v~r,at jnvaders 

ACTIVITY: Symptoms of illness 

ATL 

.• Communication ·.skill s: M·ake infe·rences and-draw condusic,~·s ·. · · · · · · ·. · · · ·. · 
• . I ' 

B 

Dirfferent pathogens have duff,erent specific requir1em1ents 

for their ideal livin9 cond~ttons, for ,exarmpie, the lung1s. 
the intestines or ~nside the 1ear. Depending on where the 
pathogens have tak,en up residence, the symptoms you 
experi,ence fr,om the infrection result from the daim1age or 

death to the ieells that hos1 the pathogens .. For example, the 

host c-eU s for rhi novi rus (the virus that l1eads to the common 

cold} are found 1i11 our nasal! sinuses or lungs, whkh is why 

we have ,a stuff,ed up nose as a resullt of the cold virus. 

Othe,r symptoms when you are ill come from your body's 
defence system, caHed the immune system, in its attempt 
to regain the balaince of healthy body ieeUs to pathogenic 
ceUs - a balance which the body begins to lose when 

the pathogens start to rapidly grow and r,eproduce. You 

mr~ght recaH from Chapt,er 3 that the balance of conditions 
within our body is callled hom1eostasis, and that the body 
makes automatic adjustments or changies i1n order t,o try 
and re-establish balance when differ,ent factors cause 
an imbalance. 

Think about some common symptoms when you feel ill, 
and suggest some reasons for the symptoms that result 
from infections by pathogens. Copy the table below and 
fill in Column B with your inferences, and then share 

with a partner, and the daScs. 

Add three rows to the bottom of the table and enter 

some other symptoms you have experienced when you 
were ill, and suggest explanations for those symptoms as 

well. Read page 121 and then f il l in Column C with what 

you have learnt. 

C 
A 
Symptoms 

Inferred explanations for symptoms 
(before reading) 

Biological explanations for symptoms 
(after· reading) 

Fever 

Runny nose 

Sneeziing 

Cough~ng 

01.arrnoea or vom,i,tiing 
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• fi,1gure 5 .. 16 These rhinoviruses have been repl1icated 
within the ce1Jlls of the upper ir,esp~ratory system; they 
cann,ot live 1in the addk conditions of the s.tomiach, 
so they will ,on!y infect c,eUs 1in the sinuses or lungs, 
r~sulting ~n the symptoms we associate with the 
common cold 

WHAT HAPPENS INSIDE YOUR 
BODY WHEN YOU ARE ILL? 
Your body responds to the pr,esence of pathogens by trying 
to make the ~nside of your body a le,ss aippea~1ng pl,ac~ for 
the pathogens to1 be; if we go back to the beach ho~~day 

analogiY, now think of a place that is cold and rainy and that 
does not offer any meals. If you were on a beach ho~iday 

under those cond~tions, you would not want to stay there 

very· long, and, 1i n fact, you could not stay very i ong if there 

w.as, no food - the same is true for pathoge.ns when they 
find 1hemselves in an environment that does not have the 
correct temperature or a source of nutnents. 

Ther1efore, the symptoms your body produces when you 

have an ii Iii ness 1s the way your body tries to m1ake ~tself as 

uninviting as possiblle for the pathogens. Each symptom1 
you experience js your body trying to damage or kill the 

pathogens; prevent the pathogen from1 repriadudngi, or rjd 

itself o,f the pathogen an together. 

5 What factors affect human lh,ealth?' 

• Figure 5.17 The effect o,f heat 10n pathogens fS the 
re,ason why we should wash our hands o,r djshes wi1h 
warm ,or hot water and why surgka~ equipment is. 
deaned by puttingi 1it in a1 type of ',oven' before, being 
used for sur9~ry. This therim.a~ images.hows hot water 
{c1ololff,ed ~n red) coming out of the tap whi~e a surgeon 
is washing his hands 

Let's c,on sjder again the symptoms ~ n the table the Activ~ty 
on page 120 in order to identify th~ reason we ~xperience 
those symptoms when we are iH. 

First, a fever is a response to the pr,esence of the pathogens 

(or ev,en other foreign substances) in your body. It is your 

body1s att,empt at making1 your internal envilronm,ent too 
hot for the pathogens to l1ive and reproduce because, as the 
temperature ~ncreases above 37°(, pathogens become ~e·ss 
effid1ent at performing l~f.e-sustaining ceUuta1r processes, .and 
w m eventually die. 



• Figure 5 .. 18 This leg1 wound is ~nfected; ·we can see 
evidenc,e of the immune system hard at work in the 
production and build-up of white bl,ood cells that are 
corming out of the injury· 

When the ce,Hs of your immune, system1 identify pathog1ens rin 

your body, the immune-system cells release a chemical that is 

like a1 sjgnal. Th,e dhemka,s, produced by the im1mune-syste,m 
ceHs, as weU as the tox1ins produced by the pathogens, 
drcu~ate, to different organs in your body, indudingr to 
your brain. When the ,chem1icals from the pathogens and 
im mune-sys-tem ceUs get to, your bra1in, they are det,ected 
by a part of your brain caHed the hypothalamus. One of the 
jobs of the hypothalamus is to regullate body temperature 

in response to different s.timulli. So, when the hypothallamus 

detects these chemkals1 it responds by 'turn~ngr up the heat' 
in your body, aind you develop a fever. 

The sticky mucus. and phll,egm that the ceUs 1in your nose and 

lungs produce are your body's way of trapping1 pathogens 
before they fullty enter the body. When you sneeze, cough 
or blow your nose., an of thos,e pathogens that were caught 
by the mucus or phlegm end up in the tissue or air, instead 

o.f in y,our body. In addition, the ph~egm1 and miucus 1our 
body produces contain antibodies, which ar,e rmoleculles 
produced by spedaiized ceHs, caUed white blood cells, in 
the imm1une system. In response and ,n order to fight off 
invading pa1thogens, your body produces mor,e white blood 

aeUs., wh~ch, in rurn, produce more antibodies. 

So, the more pathog,ens there ar1e in your body, the 
more· whjte b~ood celJs, mucus and phlegm your body 
produces. so that you have more antibod~es and stkky 
traps available t,o pr,otect you from disearse-causingr m~cro­
orgain~sms. In additinn, thjs, increased level 1of whlte blood 

c:eU production i,s an important strcltegy t,o protect you in the 

future, because some of the, white blood cellls are known 
as 'memory ceHs'. The~r job js to drcuiate in your body, 
readry to 11mmedia1ety produce ant~bodies 1in the caSJe of a 
future fnfection. 
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When you have diarrhoea or vomit though jt ~s unpleasant 
n is your body trying1 to make itse,if ~ess weicom~ng to 
pathogens becaus,e yo,ur d~gestive system becomes more 
acidic. In add,t1ion, you are physkal~y and actively r1emovjng 
the pathogenic micro-organisms from your body. 

How,ever, sometimes despite your body's best efforts, your 

def,ence mechanism -the ~mmune 5ystem1 - is not strong 
enough on its own to protect you from pathogens and 
re-estab~~sh homeostasis. In s,ome of these cases, a doctor 
mi1ght prescnbe antibiotics. Ant~biotks, which literaUy 
m,eans ',aga,nst living th~ngs.,1 ar,e substances that dam,age, 
destroy or ~dlll certa~n types of ceUs: specifically, ant~biotks 
target certain types of bacteria~ cells. 

Many ant11bio~ics are found in nature; for examp!e -tlie 
popular antibrotic peniiciUin od,ginates from a type of mou~d. 

Even more anobiotics, however, are developed and mass­
produced by scientists in research and pharmaceutkall 

laboratories. Antjbiotics are dleve~oped 10 target and 
dama91e or destroy different types of bacteir~a~ c1eHs and, 
therefore, ,can be effective only in treating diseas.es caused 
by bac1eriall ~nfect1ons. This me.ans that, if a parasjte or 

vfrus ,causes a disease, ant~biotks will not be an effective 
treatm1ent for eliminating the pathogens that cause the 

disease. In these types of parasitic or viral infect~ons, doctors 

may prescrjbe medfcines that help to reduce the symptoms 
of the 1infection so you fieel better while, your body is try~ng 
to f'ght the djs.ease. 

5 What factors affect human lh,ealth?' 

EXTENSION 
What role does luck play in important scientific 
developments? Is al I scientific advancement 
the result of carefully p lanned and detailed 
investigations? Try doing an Internet search using 

the words eniciHin dlscovery to learn how chance 

played a role in one of the most important,, 
life-changing discoveries in science and medicine. 

/ 

~r.r;c,...-e;cM'· QdZ,.: '1- ()J ~~""" 

C!~~ 

• Figure 5.19 Alexander Flem,ng(s sketch and notes 
about the aint~bacter~ai 1effect of the fungus Penk::illium 
notatum growing on a Petri dish with Staphylococcus 
bacter~a. Th5 'accidental' discovery led to the 
development of 1he fi1rs1 antib~otic, penidlfin 



EXTENSION 
How would you feel if a trusted doctor in your 
town took you into his office one day, scratched 
your arm, rubbed in some pus from some 
open sores on another patient's arm, kept you 
under observation for a few days, and then, 
after noticing you seemed healthy, rubbed the 
scratches on your arm with some pus from the 
sores of a third patient who was sick with a 
deadly disease? 

Would you believe that that was very much the 
way in which the first vaccine was tested? In fact, 
in the late 1700s a British doctor named Edward 

Jenner used an unknowing young boy as a 'human 
guinea pig' to test his theory that exposing people 

to a small amount of a less serious disease, in this 
case cowpox, c-ould prevent them from getting a 
more serious disease, smallpox. 

• Fi1gu:re 5'"20 Jenner iinfecting James Phi1pps writh 
cowpox in order to test his theory tha1t the boy 
would not later 1g1et smal lpox 

To learn more about Jenner's approach to 
developing vaccines, try sea rching for Edward 

Jenner smaJlpax. How do you think his 
methodology would be rece ived today? 

T Links to: History 
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WHAT IS THE BODY'S 
RESPONSE TO PATHOGENIC 
INVADERS? 
You may, .3t this, point, be wonderJng about vacdnati1ons. 
What ar,ei they and how do they work? To under.stand how 

vacdnes work, we have to understand your body's natural 

response to pathog,en~c invaders. 

As we !earnt before, your bodyis i1m1mune system produces 
anti1bodi,es in order to protect you from pathogens after 1hey 
have enter1ed your body. We have also learnt 1hat som,e of 
thos·e antibodies - the memory ceHs - stay in your body in 
,ordeir to fright off future pa1hogenk invaders and preven1 

the disease from devejoping. Thi5, process of f~ghtlng 
off a current, or ·'primary, ~nfectjon while estabi1ishing 

a pr,otec:tio,n mechanism, from future, or 's,econdary'I 
~nfecUons is a pow,erlul one. The human body 1is, tindeed, 

well adapted and weU equ~pped to protect itself from many 
harmfu I things. 

However, as ynu have probably heard on the news, or 
perhaps even ,exped,enced personaUyl there are many 

common djseasesl such as me·as.les, hepatitis and some 
types of fiul as wel II as some types of rare but serious 
dise,ases such as Ebola, that are caused by pathogens that 

are albie to reproduce (or be capiedD so, qukklly in your 
body, and have, such senous symptoms, that your body1s 
im1mune system and antibodies have very littlle dlanc1e of 
protecting you. To make 1matters more compllicated, som1e 
of the·se pathog1ens either do not respond to treatmients 

such .as ant1bioti cs, or respond very slowly. In these eases, 
the pathogens can be so destructive to our body ceHs that 

they cause iife-iong damage to body organs'" or even, 1if the 

symptoms are severe enough, death. 

5 What factors affect human lh,ealth?' 

Vaccines 

'v'.acdnes, therefore/ have been developed and are used 
to prevent d,sease by act~ng as a itrig,ger'' for your bodyts 
producti1on of antibodi1es and me1mory cells, without being 
exposed to, or infected by the H~ng paithogen. This 1is 

because vaccines contain dead or fragm1ents o,f viral ,or 

bacteriai pathogens.: the,se dead or fragm,ents of pathogens 
are enough to st~mulate your imm1une syst,em into produdng 

·the ant~bodies and memory ceUs. That ·way, just like in the 

natural immune response, the me,mory ceHs will be waiting 
in your body, ready to protect you from the invad~ng 
pathogens. should you be exposed to them, and should they 
try to enter your body. 

Vacdnes have proven to be effective in preventing 

individuals from getting rn, as w ,ell as in reducing or 

completefy elliminating the p,resenc,e of a disease ~n ~erta~n 

areas or populat1ions. For ,exampl,e; the polio disease, caus,ed 
by poljovirus, was once a widespread and m,uch-feared 
disease because it causes paralysis and death in children 
and adul1s. Howev,er, as of 2015, it has been 1eradicated, 
or eliminated froml a~ I but three countries in the wnrld. 

This near-comiptete eradication is due to large-sca~e and 
worldwide efforts to vacdnat,e (or ~immunize') chi ldren and 

adults from the vfrus. 



• Figure 5.22 Vaccines are often admin~ste,red through 
an injection, though they may also be given by drops 
directly jn the mouth 

Despi1e the safety and ·w~despread success of vacdnes, 

doctors have established some iguideitnes and suggestions 

for who, s.hou~d ,get whi1ch vacdne,s and when. f ,or example, 
doctors recommend that babies and chUdren get differ,ent 
vacdnes at diff,erent times dur~ng infancy and dhUdhood. 
Thjs ~s recommended because·, even 1:hough new-born 

babies have received some protective antibod~,es from their 
mothers durring the last weeks of pregnancy, their immune 

systems are .still jn developm,ent; the vaccinatiion schedule 

is designed to help protect bab~es from the dise,ases they 
are most likely to be ,exposed to and that are most l1ik.ely 
to cause immediate or iongi-term health complicatjons. 
Furthermore, i1f a baby ~s ,exposed to a virus befor1e he or she 
is vacdnated, there is more of a chance that the baby wouid 
get sicker than an adult because the baby's undeveloped 

and immatur,e immune system would not respond quickly or 

strongly enough. 

EXTENSION 
To learn more a bout pol iovirus and the progress 

t hat has been made towards its corn p lete, 
worl dwide eradication, trying searching for 
global polio radicr.ation . 
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t = Not immun,ized 
but still nealth t = lmmuni,zed 

and health 
= N'Ot i mm u n1ized: sick, 

and conta ious 

• Figure 50123 ·vacdnat~on Ormmunization) scenari1os 

ACTIVITY: Controlling the 
spread of disease 

ATL 

-• _<::-dt,~~[~.thinkin_g_:ski:lls: -Draw, r_~as9n.a~l.e, 
c·oridus_ion·fa~:d.'.{tene·raliZation·sf.Ustfmode:ls·to 
exp.lore cq.mpl~X:-:~sterp$-and.·iss.9~s: 

Look at Figure 5.23. What do you notice about the 

spread of the disease in each scenario? Jot down some 
notes. 

Now complete this sentence in a detailed, bulleted list, 

'From the information in this diagram, I understand 
that in order to avoid an uncontrollable spread of a 

d. t 1sease ... 

Compare your 'understandings' with those of your 

partner. How do they compare? In what ways are 
your ideas similar? In what ways are they different? 

In what ways do you or your partner understand the 

information in the figure in a different way after 

discussing? 

F~gure 5.23 mustrat,es the pdndplle ,of herd immunity. 
According to this principle, jt 1is not necessary for 100% of 

You may be wondering jf it is necessary for 100°/o of a 
popullabon to get vaiCcinated in order to prevent a virus. from 

spreading to a large portion of the popu latjon, in what ~s 
known as an 'epiden1k.' Let's take a ~ook. at Figure 5.23 to 

answer that question. 

a population to be vaccinated; however, the maj,ority of the 

populat~on must be vaccinated in order to be ab~e to co,ntajn 

and prev,ent .an uncontrollied spread of the dise,ase. 

THINK- PAIR- SHARE 
Take a moment to pause and consider the Statement 

of lnqu iry for this chapter that has been guiding the 

learning through this topic. From what you have learnt 

so far, what aspects of human health can you identify as 

coming from the internal environment as opposed to the 

external environment? 

Copy the table below and write your ideas in it. Discuss 
your ideas with a partner. An example has been done 

for you. 

Hu n1an health is a relationship between . . . I 

Factors in the internal environment Factors in the external environment 
(natural bodily processes) (conditions of and resources avai I able in our surroundings) 

5 What factors affect human lh,ealth?' 

The on,1y water fair drink1ng comes from a, water hole where dothes 
are also washed. 

I 



HOW DO DISEASES GET 
TRANSMITTED? 
As we diSicussed ~n the prevjous section, the pathogen~c 
micro-organisms in our surroundings can have an effect 
on our internal heaf:th if they are abfe to reproduce and 
spread 1n our bodies. But what ar,e some other examples of 
~nteractions and the relationship between what ~s go~ng on 
outs~de, our bodyl what ~s going on ins~de our body and our 

health? Also, how much do our surroundrngs actuallly affect 
our hea~th? And do, different conditions in our surroundjn9s 
have different ,effects. on ,our health? W1e .are 9oi1nigi to 
explore these questions in more deta,iil i1n this section. 

Befor,e 1,ooking at how our surroundings may influence our 

health o-r the pr,esence of dis.ease, we must first become 
fam1iliar with drrf.erent types of disease. Some typ,es of 

dise,.ases .. such as those that come from the pre~ence of 

pathogenk m1kro-or9anisms in our bodiesj are said to be 

communicable ,or infectious, which means, the pathogens 
spread from person to p,erson. 

Some types of pathogens that cause communicable diseases 
can trave1 through the air, such as when a person coughs 
or sneezes whii,e iH, causing the pathogenic bacteria cells or 

viruses to spread from the infected person's mouth and nose 
through the air, and land on a surface ,or on another person, 
they gain aicceS-s to the o1her person's body. Communicable 
diseas@s that spread in this wa1y are easUy transmitted, 
or passed from peirson to person, because air constantly 
surrounds and enters au r bodies and these so-calll,ed 
'airborn,e1 pathogens ,can survive for hours wh~le floating 

iin the air or after !anding on a surface. Som,e examples of 

d~s:eases that pass in this way are the common co~d, t1u and 
stirep throat 

DISCUSS 
In pairs, discuss and then write down some of your 
ideas in response to the following ques1ion: Considering 
what we have learnt about where pathogens are found 
and what we can do in order to protect ourselves from 
orto recover from a pathogenic infection, in what ways 
might where a person lives (such as their hornet city, 
country) influence their health? 

You could answer using the following phrasing: 
'I think where a person lives can influence their health 
because ... ' 

Transmissjon via bod1Hy fJuids 

Other typ,es of commu11icable djseases are transmitted when 

the body fluids, such as blood, saliva, vomit or faeces, of an 

infected person - or animal- enter an un1infected p,ers.on's 
body through dir·ect contact w,th openings in the body, 
such as the mouth, nose, eye-s or through an open ,cut. 

• Figure 51124 S0m1e diseases are com,municabl,e, ,and can 
easily spread as bacteria or V11ruses travel thr1ough the air 
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These types of communjcable diseases do no1 spread 

as easily as those caused by airborne patho9ens, sjmply 
because we are less hkely to come ~nto direct physical 
contact with the body flluids of another person or ani1m1aL 
Sometimes people develop djseases from 1hese types of 
pathogens when they eat food that has been contaminated 
with pathogens, such as Salmonella, ai type of bacteriium 
that can be found on raw or undercooked meat, poultry 
and eg1gs, and E. coJi, ,a type of bacterium whkh ,comes from 

consurningr ieontaminated b~t milk, produce or water. 

Two other very serious d~sea~s that are corn mu nkab le 
through direct contact with body fiu1ids are those that 
ar,e caused by the human iim1munodeficiency vjrus (HIV) 

and the Ebola virus. Though th~ viruses that cause HIV 

and Ebola can be ve,ry quickly· copied once they are 
rnside, the human body, and both disea~es have· caius,ed 
many deaths. members of the medical and scientifi c 

communities have acknowl,edged that the consequences 
and spr,ead of these, dise,ases are less than if tlhe'Se diseases 
were spread by airborne patho9ens. For example, an 
Ebola outbre.ak that started in 2014 had serious and 
deadlly c,onsequenc.es for 1he pe,ople who contracted, or 

,caught, the disease. Thousands of p,eople ;n the West 

Afr~can countries of Guinea, L1beda and Si,erra Leone, 

as well ,as individuals i1n othe,r countri,es, di,ed from the 
Ebo~a virus; however; doctors agiree that, 1if Ebola were 
an .airborne pathogen, the resu~ts would hav,e been ev,en 

more devastating, perhaps ev,en causing a pandemic, or 
worldwide, ,outbreak. 

lnh 1erited or genetiie diseases 

Other types of diseases are not spread ·from person to 
person through the air or flu~ds, but; instead, are inherited 

or genetic disorders. These i nheritabJe or ,genetic 

diseases, such as. Huntington's diseaise, hae1mophrna and 
sickle ce~I a11aem1i1a, are not caused by pa1thogenic mkro .. 
org:c1nisms, but, instead, ,oc,cur due to the 'instructions' 

coded into our DNA, or g1ene,1Ji c 1i nforimation. 

Because the sym pto,ms and eh aractedstics of these diseases 
are l~teral~y· part of our DNA, 1he only way for them to be 

transmitted ~s if the genes that code for the disease are· 
passed from generadon to 9eneratioin in a famUy, s~mUar to 

5 What factors affect human lh,ealth?' 

DISCUSS 
Now that scientists have been able to map out all 

of the genes that make up the human genome, or 
genetic sequence, the possibility exists for doctors and 
scientists to be able to target and modify the genes 
that cause inheritable diseases. 

What are your thoughts on this? To what extent do 
you think it is okay for parents to ask their doctors to 
identify and change the genetic sequences of their 
children? 

Here are some suggestions to have a thoughtful 
discussion with your partner and the class: 
• First brainstorm a !list of possi:ble negative medical, 

social, economk or ethical consequences or 
,outcom,es of identifying and modifying the genetic 
sequence of one's ·future offs:pr.ing~ 

• The.n bra in storm a list of possib'le positive m·edicat 
socia I, e-conomic or eth icall conseq:ue nces or 
out co m,es of identifying and modif'ying the genetic 

sequence of one's future offspring. 
• Try to name, with a reason that supports or 

exp,la1ins your opin1ion, which possible conseque1nces 
or outcomes may outwe,igh the others. 

Remember, questions like these are not easy to 
answer, but they are questions that you may face as 

you get older and have to make decisions that affect 
your life and those around you . Keep in mind there are 

no 'right' or 'wrong' answers to questions like these 

-that's part of the reason why they are so hard to 
answer! But, even if you really are not sure of how you 
feel, asking questions, talking about and reflecting on 
uncomfortable or challenging topics is a good way to 
practise being reflective and a thinker. 

the way in wh~ch the trai1s. for ha~r co~our or height can be 

passed along wrthin a family. 

Just as you cannot do anything to change the true colour 
o,f your ha~r or make yourself .actually taller, there is noth~ng 

we ,can do wrth medica1 treatments avaitable at this tr,m,e to 
stop people from developing diseases ihey have in h eritedl 

in their DNA. Instead, just as peoplle can use dye to change 
the appearance of their hair or put on high-heeled shoes 

to see·m taller, people who have inherii,ed certain dis,eases 
can use medicine or make adjustments to t he~r lifestyles to 
prevent or decrease the symipto1ms 1of inheritable di·seases. 



Autoimmune,. lifestyle and m1ental 
he,al1th disorders, 

In add~bon to communi1cable and inheritable dJseases, 
som,e d~seases. are cons~dered to be a utoi mtnu ne 
diseases. Autoi1mmune diseases, such as Type I diabetes, 
Crohn's dis,ease and multip~e scler0S1s, ar,e not always well 

understood in the m,edical corn mun~ty. Doctors know that 

autoimmune djseases ar,e caused when our own 1immune 

system (hence autoimmune) recognizes our own body ce,llls 

as forei19n ceHs or dangerous pathogens, and then begins 
to dam1age and des,troy our own bod~ ceUs, just like the 
~mmrune system normally does to actuail pa1thogenk ceHs. 
How,ev,erl 'the reason why peoplle,'s immune systems stairt 

fighting1 ag.ainst the·m is. not co1mpl,etely understood. For that 
reason, ~t is oft,en difficult to prred ~et who wil II develop an 

autoim1m1une disease and how to manag,e iit. 

Some diseases, such as Type II diabetes, certafr1 types 
ot cancer (for ,ex.ample lung cancer) and ,a form of live,r 
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• Fig1ure 5 .. 25a Akoho,11 ,consu mp1ion and risk of developing 
drrhosiis of the l~ver ~n men (m) and women (w). 
What pattern do you not~ce? Do you consider this to 
be a s.trong co,rrelation7' Expliain why you think this. 

EXTENSION 
Learn more about the history of and recent 
outbreaks of the Ebola virus by visiting the Centers 

for Disease Control website: www.cdc.gov/vhflebola/ 

disease caHed drmos,s,. can be l~nked to people's l~festyle or 
behaviour. These diseases ,can develop as a resu ft of such 
factors as obesity com~ng from exce,ssjve ~ntake of calories; 
lack of e~erdse; smo~dng; and ,excessive consumption of 
alcohol. Although the developm1ent of diseases such as 
Typ~ II diabetes, flung cancer and drrhos~s are not only or 
entire~y II inked to behaviour or li1frestyle, the ,chance of a person 

deve1op~ng one or 1more of 1Jhese diseases has been shovvn ro 
increase as a result of these behaviours and lifestyl,es. 

Another type of disorder is connected to mentali hea,th. 

The prevallence of mentai-heaith diso,rdets, induding 
depression, eating disorders, post-traumatic stress disorder 
and addi ctirve disorders, a mong1 rneny others, varies greatJy 
depending on a var~ety of factors. Some menta1I health 
illnesses are inheritable, wher,eas others are connected 
to traumat~c experi,enc-es, brain damage from a .s:erious 
acddent abuse, or liv~11g under stressfiul condtrt.ions. 

At this point take, some time, to reconsider the 'big ideas'· 
about health that you and your ,dass wrote down at the 
start of the chapter. With the new j nformati on you have 
learnt, what can you add to the IJst? 

Wjth th~s information about different types of disec1ses, we 

will now take a !look at the pr,eval1enoe, or 11umber of cases, 
of diff,erent type·s. of disea5es around the worid. From the 
informat~on in 1hese gr.aphsK ·we wm be abi,e to suggest some 
co11 sequences of p,eople' s surrou ndingc, on "their health. 
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• Figure 5 .. 2Sb The ieorrelation between body mass 
index (B MI) and Type U diabetes (T2D M). What trend do 
you n oti c,e 7 
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ACTIVITY: Mapping types of diseases 

Before continuing, take some time to organize the information about 
different types of diseases you have jus-t read about. To do this, you can use a 

thinking routine designed to help you generate, sort, conne<:t, and elaborate 
on the big ideas. 

Here are the steps for you to do on your own or with a partner and then 
share with the class. 

• Figure 5~2.6 Th~nking routine - Generate, S01rt, Connect, Etaborat,e 

5 What factors affect human lh,ealth?' 

EXTENSION 
Are you interested in the 
symptoms and treatment 
for the diseases mentioned 

in this section? Search for 
them on reputable websites, 

such as the World Health 

Organization (www.who.org) 
and the Centers for Disease 
Control (www~cdc.gov}. 



ACTIVITY: Disease around the vvorld 

In this activity, you will analyse several different graphs that depict different 
trends in disease in different areas of the world. You will look at and analyse 
trends in: 
• 1mortaUty (deaths) from 11ung cancer (Figure 5.27, page 134) 
• di1agnosed dinica'I (t,reated by a doctor) depression (Fi'gure 5.28., page 135) and 
• m,ortal1ity from i1nfectious diseases (Figure 5.29, pa,ge 135). 

You will notice that each graph is of a different style. Scientists regularly 
present the results of their investigations in graphs (as do you when 
you do your own investigations). Because we are often confronted with 
the graphical representations of scientific findings in our day~to-day 
lives as well, in order to be well-informed and to avoid being misled, it 
is important that you are able to analyse and form conclusions about 
information that is presented in all different types of graphs. 

To do this activity, you and your class and teacher can decide if each student 
will analyse each graph, or if you wil I divide up the graphs and discuss the 
different trends in groups. 

There now follows a series of questions. The questions have been designed 
in order to help you thoroughly analyse, understand and form conclusions 
on the information that is shown by the graph or chart. The questions are a 

guideline for the data analysis that you will eventually be able to do on your 
own, after you have practised several times. 

1 Using the tnfotmation in the title and any infofimation on the graph or 
chart, what does the gra:phlchart show us? In other words, what is the 
goal1 or purpose of the graph/chart? 1lmag.ine that you are the sdentist who 
colJected the data tor th;is graph or chart -what is your reason for making 
it? You should al:so discuss in what ways the different types of graphs 
(such as Une or bar graphs) or charts (such as pie charts ,or histograms) 

aUo,w scientists to explain or demonstrate different types of i'nformati,on. 
It is i1mportant that you use your own words, s·o do nor just re-write the 
title here. Your response should be in the form of a few· se ntences that 
briefly explain the overall purpose of the graph .. 

2 What type o·f d isease(s) does the graph show (commu.n icab le, in he ritablel 
g1enetic, behavrio ur-- or Hfestyle .. based; menta I health .. relrated)7 

3 What are the 'units' of the graph, or what is the graph measuringi'? 
For example. does the graph show the percentage of people with a 
certain disease? Does the graph show the number oi people w·ith a 
certain disease? 

4 What is the minimum and maximum number for the graph? This question 
i1s particularly importan·t fo 1r Figiure 5 .. 27. 
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5 What patterns do you not:ice in t he graph? A1 this point, you should 
respo,nd onl1y' with what you see; do not give explanations O'r tell 'why". 
Answe1r these sentences to help you: 
a Where/when do you notice the highest number of peoiphi with the 

d isease(s) shown in the g1ra ph? 
b Where/when do you notice the lowest number of people with the 

disease(s) shown in the graph? 
c Where/when do you find the maximum number o·f peo ple with the 

disease(s) shown in the graph? 
d Where/when do you fiind the minimum number of people with the 

d isease(s) shown in the graph? 
e Where/w'hen do you notjce a sharp or sudden or very clear di'ffere 1nce 

between the nu1mber of peop11e wiith the disease(s) shown. i,n the graph7 
f Where/when do you not ice a small or dight or subtle difference 

between the num:ber of people w:ith the disease(s) shown in the graph? 
g Where/when do you notice strong contrasts in health trends between 

neighbouring countries? 
For the next questions, it is important to reflect on the factors that might 

influence the patterns or trends that you recognized in the graphs. You can 

consider cultural, economic, e.nvironmental, ethical, moral, political and 
social factors. 

6 By using your background or general knowJedge, perhaps from other 
classes or things you have seen in the mews or experienced personaUy, 
what can you hypothesize or suggest as a reason for the trends you see 
1in the graph? At this point, you can try to g'ive an explanation and refer to 
things that are 'unseen' or ·not shown' directly on the gra;ph - try using 
words Uke beca1use1 so, for thi's rea1son ., ... 

7 What are some things you need to research before yo u form a coinclusion 
about the data? il.n O'the,r words, what are some questions that you need 
answered before yo u can form a conclusjon? Usi,ng1 ,reputabJe resources 
for health information,, do an Internet search to find answers or additional 
1infolimation ior your questions. 

8 After doing your research, what add itiona 1 informiation did yo u find in 
response to youir qu esti1ons? 

9 Using the 'information from your research, as well as the trends you noticed 
i1n the g:raphs and what you have learnt about how science ts a1ppUed to 
prevent, manage and treat disease, what conclusions can you form about 
the trends and tendencies shown in the graph? At this point, you ca,n try 
to give an explanation and refer to things that are 'unseen' or 'not show n' 
directly on the graph - try us,ing1 words like becaus~ so, fo,r this reason .... 

10 What might be some reasons other than the biologica1I factors that affect 
health t hat contribute to t he patterns and trends you see1 1For example., 
cult1ural, econom ic, enviro,nm:ental, eth ica I, moral, pol iti'cal or socia I 
factors. rn particular, ,it could be interesting to to:nsider why it is t hat 
some neighbouring countries have very differen,t trends in health. 

+ Assessment opportunities 
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• Figure 5.29 Mortality trom infectious d~seases 

EXTENSION 

• . 

Are there other diseases in which you are interested in the patterns 
of their prevalence'? Or what about disease patterns of men 
compared to women? 

Try doing an Internet search to find out. You ea n search for the 
name of disease, followed by the words 'graph' or 'preva lence'. 
You can also do an image search instead of a web search; if you do 

that, be careful that the image or graph you see is actually for the 

disease you are interested in learning more about. 

5 What factors affect human lh,ealth?' 

By ana~ys~ngi graphs of the prevalence 

of different diseases in d ~ff,eren t 
regions around the, w,odd, we can 
see that there are som1e relationships 
between a1 person's siurr,oundings and 
behaviours and tlhe~r 1internal health. 

What are, your thoughts about these 

patterns? Do you think they are 
permanent characteristics, or trends 

that can 1change over ti1me? What 
1m1a kes you say that? 



LIFE EXPECTANCY 
We hav,e noticed ~hat the patterns for disease are not the 

same for everyone, everywhere. In parti1cularr, t1he graphs 
show that dependjng on wher,e ~n the w,orlld peopl,e are 
~~ving, they may b~ more or less llikel1y to develop different 
diseds,es. 

ACTIVITY: An animated look at 
life expectancy over the years 

In addition to the information you learnt from the 
graphs about the patterns of disease around the 
world (Figures 5.27-5.29), you can find an animated 

representation of life expectancy (or lifespan) over the 
past 200 years by searching in your search engine or 
youtube.com for the following: Hans osling•s 200 

Countries. 200 Years, 4 Minutes - the Joy of Stats. 

1 Watch the video in order to complete the· table and 
add to your 'Understanding of health around the 
'World. 

As w,e win see in the .Adlvity be~ow another factor 

that varies greatly around the world is life expectancy. 
Life expectancy refers to how long peop~e, on ,average,, 
live. Lif,e ,exp,ectancy is often used as a quantrfiablle; or 
numerical, repr,esentation of heallth. 

According to what you have noticed in and concluded 
from the graphs and Hans Rosling's animation~ what are 
some factors related to living environment and health 

that you can suggest? 

2 Work with a partner to s,uggest some factors, as we II 
as a justification for your suggested factors~ Record 
your ideas in a copy of the tabl.e hel,ow. 

3 Draw some conclusions, and consider and complete 
this sentence with your ideas: 'In gen era I, the pattern 
and relationship between income and life expectancy 
• ii' 

IS: I I I . , 

According to the way in which Hans Rosling shared the 
data, measuring human health can be reduced to a 
comparison between life expectancy and income. 

4 What are, your thoughts about the relationship 
between life expectancy and income? From what you 

have seen and learnt, to what ex1ent do you agree 
that income is the biggest factor affecting heallth? 

• 'Table 5.2 Hans Ro.sling's 200 Countries, 200 Years, 4 Minutes - the Joy of StatSr~ iden1ifyiing patterns. in ~ncoime 
and I irte expectancy 

Country Pattern related to income Effect on I ife expectancy (lifespan) 
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Remind yourself of the Statem,ent of Inquiry for this chapter. We have !learnt about 

some of the physical or b~ologilca~ .aspects of hea~thl and through !looking at and 

ana~sing ,graphs; we have ide,ntified som,e patterns ~n health iin different regions 
of the world. In addition, we have le,arnt that there is a strong pos1t1ive correlation 
betw,een income leve~ and l1ife e,xpectancy, which is one of the indi,cators of heaith. 

Life e,xpectancy corre·lates wi1h other factors that are Unked to a personis 

surround~ ngs,. o,r where he or she I ives. 

ACTIVITY: The relationships 
betvveen health and where 
you live 

expectancy and each one of the factors. You can select 

different World Development Indicators to graph against 

life expectancy. These indicators may be the same as 

I 

ATL 

• • Critic~l-thi nk_ihg ·skills: .u ·~~_, mod~ls·to .. e~plote· 
.coinplex--syste'ms;-h:fent ify trends · 

• ·,I nfoifn·ation lit:~tacy':s_ki Us: _Acces~ fnformati9n to. b_e: 
:,informed and'.in.form others -· 

• ·-eo.rnm'~_oication skills·:-M~~e. infere·n~es -a·nd . dr:aw. 
-conclusions . -, -· ' .. 

With a partner or as a class, brainstorm a list of factors 

that vary from country to country or region to region 

which make you wonder about their impact on life 

expectancy. For example, maybe you wonder about the 

relationship between trends in the number of physicians 
available in different regions and life ex.pectancy. How 
about having access to clean water or sanitary facilities? 
How might they relate to life expectancy in different 
parts of the world? 

Once you have brainstormed a list of factors, go to 
the Google Public Data website to create datasets and 
graphs that demonstrate the relationship be-tween life 

the factors you brainstormed or different. You can also 
choose which regions or countries to compare, and you 

can selec.t to graph the data as a scatterplot, which you 

can then 'p lay' to see the trends since 1990. 

When you are making your graphs, be sure to consider 

carefully whether to put 'life expectancy' on the 
x- or y-axis; in other words, in the graphs that you 
are creating, is life expectancy the independent or 
dependent variable? 

After you have created your graphs, compare them with 

those that your classmates have created. What do you 

notice? What can you conclude? 

Orgarn,ize the information in the graphs into a table 
(see below), and discuss the patterns with your class. 

+ Assessment op,portunities 

• Table 5 .. 3 Paitt,erns and reiationsh~ps between !life expe-ctancy and World Deve~opment lndkators 

Pattern or trend that the graph Relationship between geography 
World Development Indicator shows and health that the graph suggests 
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• Figure 5 .. 30 How do our surroundings affect our he,alth7' 

Now that w,e have found evidence to support our 

Statement of lnquriry, we will look further jnto the biological 

relationsh~p between surroundingis or liv~ng environment 

and health. 

• Table 5~4 Biologiical r,elat~onshrips be,twe,en types of dis,eases and lirving environment 

C o·mmu n ica b1l,e 

lnher~table or g,enetic 

Behav~our or 
Hf estyi e-based 

B,ecaiuse pathogens ,can often be elim1~nat,ed ,or r,educed by appropr~ate san~tat~on, inch.Jdjngr washjng, with 
warm water and soaipJ com1muni,cable diise,as,es tend ·~n spread more i1n liv~ng 1envfrr0nments. wher,e people 
have ~~mrited or no avaHab~Hty to hotJ running water and soap. 

The spread of communicabie diseases occurs mor,e qujck~ and eas;ly when people are ~iv~n,g 1in m.ore 
denseiy popu,ated areas or homes. 

Ant~biotlcs help to tri,eat d~sea:s,es. ,and vacdnes help to prevent the spread of diseases; however, the 
aivaUalbiHty and affordabmty ,of antibiotics and vacdnes differs. grea11,y ~n d~fferent areas of the world. 

In more some a1r·eas of 'the wor,d there may be less genetic diversvty among the popu,.ation, Which can 
contribute to the passi1ng on of ,genetk diseases from parents 10 offspring. 

Eat~ng a d~et hi,gh ~n saturat,ed fats 1 process,edl foods and animal pr,oducts: smoki11ng1; consum1in,g ,excess 
akohO'I; and 1abing drugs have a negative im1pact of the functi1on of ijnternal organs and blood flow. 

For ex.ampie, the kidney and liver both function to br,eak down the things we cons.ume~ and 1hen help 
1:he body to get rid of the wastes 1hat ,come from the toxic substances that sometimes. 1m1ak,e up the food 
we eat, l1~quids w,e dr,nk, afr we breathe • .and drugs. {both legal and iillegall) we take. If we consu1me ·many 
products which have co.mponents tha1t .are toxjc for our body. the k,dneys and liv,er have to work Joverbm1e' 
in orde,r to neutraUze or ellim~nat,e the 1oxins from1 our bo~¥- llni addiuon, a d~et thait ~s high 1in saturated fats 
can 1contrJbute to, bjockages in lbl,ood vessells, whkh can slow or reduce biood fl,ow through the bod¥. 

Products which have componen1s that are tolcic for the body tend t,o be more htghlry proc,essed and c,ontain 
large ,quant~t~es of sugar. such as packaged or fasct f,oodl. Also. when we ea1t and dige51t ani1mal products 
such as 1J"ited mea1t or cheese. the body has to process 1more toxk substances than ,aft,er we eat p~ant 
products~ such as ,grains or seeds. In addii1io:n~ products that contain add1ct1ive substances, such as coffee, 
ak.ohat toba,c,co and drugs, have more toxk substan~es than products that do not conta~n add~cti1ve 
substances. 

A seden1ary li~esty1e in whkh .a person gre,ts l~tde ex.efdse and, in f.act, m1oves. very 1;u11e throughout the day. 
can ,cont1nibute to, obesity as weU as 1increase 1he 1nisk of problems wi1th heart, Uv,er, and k1idney heahh. 

- ~ ~-~ -- ----- --

Mentai-heahh di1sorders. M,enta~ lheahh is l1inked to the functioning ,of the nervous system. The ne1rvous. syste1m1 irespo,nds to events 
a1nd ~i~1uat~ons 1in1 our s.urroun1di1ng1s, which cause d~ff.erent organs or parts of ~he n,en1ous s.yst,em 10 releaise· 
chemicals1 sue~ as ho1nmone-s or ne:urotra1n5mirtters. In some peo,pl,e, there ~s no1: an appropr~ate ba1lance 
betw,een the ,release or r,ecognhion of hnrmones and neurotransm1tte1rs. 

Stil'ess is dose1ly l~nked to 1m1entat-heahh di1sorders. such as depression. S1ress can be related 10 finandal 
insecurityj ,emot~·onall insecunity, unemp~oy1ment. sodall ineq1uality and ·the presence of other heaith issues . 

Exper~endng1 conflict 1is linlk:ed to m,en1al~health disorders, induding post~trraumat ic stress djsorder and 
depression. Some exampi,es. ,orf confUct that people e~er,enc,e .are being ~nan ,abusi1ve re~ati,onship; 
experi,endng, or partidpa11ng ~n w,ar; and l1ivi1ng ~n a hiigh~cr~m,e area. 

Biology for the I B MYP 4& 5: by Concept 



5 What factors affect human lh,ealth?' 



SOME SUMMATIVE PROBLEMS 
TO TRY 
Use thes1e problems to apply and extend your learning in 
this chapter. Thes,e pr,oblem1s are designed so that you can 
,evaluate your ~earn~ng: at diifferent leve~s of achj~vement in 
Criterion A: Kn owledg1e and understanding. 

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 7- 8 

1 You ate vis.rting a, friend for a week dur~ng a school 
hoUday. A few days into your visiit, you begin to feel mi. 
You devellop a sor,e throat headache and fever. You are 
also feeling tired and ,a bit achy. His parents are aiway s,o 
you do not have a way to get to 111e doctor until late the 
next day. 
a Explain the biologi1cal reasons for why we fee1 and 

exper1ience d~ften2nt symptoms when we ar1e il l. 
You and your fr~end decide to look up your symptoms 
online. After vis~dngi a couple of dnferent w,ebsjtes, you 
and he think that you m1ight have strep throat. However, 
you and your friend a re not sure, because it seems it may 

also be the flu. 

Al~ of the w,ebsites you visit say that you should drink 

plenty of water, rest a lot and gairgte with warm .salt 
water, and some of the, web.sites say that you should 
take an iover the, counter; medidne to reduce your fev,er. 

Your fri,end te,lls you that a few weeks ago, he had 
also been sick wi1th the sam,e symptoms. Hiis doctor did a 
1est for strep throat and 1hen prescrib~d him antib1odcs. 
B1ecause he was feeling1 better a few days afte,r taking 

ihe· anmbiotks, your fr~end d~dn't finish the prescription.; 

he offers you the rest of the p1iHs since -tlley helped him 

1·ee1 better so qui ddy·. 

b Anafyse the ~nforimahon ~n the scenario to evaluate 

your opt1ions. To do this you should: 
state the circum1stances when taking antjbio,tics ,s 
appropnate 

ii identify some reasons for the suggestijons on 
the websites based on what you know aind 
understand about pathogens aind iUnesses 

ii i outl1ine the strengths and lim~tations of u~ng 

your friends' antibio,tics 

iv outline the strengths and lim~tations of following 
the sugg1estions from the webs ttes. 

c Apply your sd,entif~c knowledge and understanding 
about diseas,e and iUness and discuss, using sdentific 
evidence, whclt you should do to feel better unt1i I your 
frj end's pa rents reru rn the next day and ,ea n ta k1e you 
to the docto.r. 

2 lmagjne that the older brother of a friend of yours, 

whose wife wil~ soon be having a baby, is try~ng to 

decide whether or not they ~houlld get the baby 
vacdnated. He says he do,esn't understand why people 
air,e stm Q1ettin9 vacdnes for th~ngs like 1m1easles, mumps 
aind rubeUa, because 'no one gets them any m,ore'. 

a Use your know ledge of vacdnes and ho,w illnesses 
are spread to explain to your friend 's brother how 

vacdnes work to prevent a11d protect people from 

the spread of certain diseases. 
After you exp la in how vaccines work, the brother says 
he has heard there is a Unk between vacdnations and 
autism. He points out this graph he, saw online: 

Tempororal trends for autism in the USA and the UK 
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Then{ your fdend, who th~nks his brother should g,et the 

baby vaGdnated, shows you these two other graphs fr,om 
diffe,rent w,ebsites: 
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20000 

300000 

,, 
GI 
In 
0 

200000 ~ = 15000 
E 

ll'Qi ·-"'tJ 
..!! 

ll'Qi 

X1 loooo -
JII 

-s 
1100000 :i 

1 
5000 re 0.9971 V.,< 0.0001) -

0 - 0 
I'- 00 C'l a ...... N rn ...;I- Lf'I ~ ~ ~ cri 

°' ai °' a 0 0 0 0 0 0 
O"i O't 0'1 0 0 ~ a 0 C a 0 a 0 ..-- ,,,_, .-- N N N N N N N N N 

Vear 

Sources: Organic Trade Association1 2011 Organic lndust(Y Survey, 
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b Anafyse and eval,uate the data ~n the giraphs to 

ma k.,e a SJdentifical ly supported j udge,ment a bout 
the effrcacy of vaicc~natiions and the cause of autism. 
To do this, for each graph you should: 

identify the sources of the data, irf any 

LOO~ ait tfl! 'S~QLL ~ri~t' w.~er tliie ;<.--«Ki~. 

ii evaluate the sourc,es of data (how rel iabi,e, 
trustworthy and relevant ~s the source?) 

11 1 identify the varialbles on the x- and y-axes, 
iv sum 1m,ari'ze the rela"tionship lbetw,een the 

variab les 
V 

. 
VI 

outl.ine the strengths and weakness.es o,f the 

~nformati,on prov1ded in ,each graph 
discuss to what extent these g1raph$ demonstrate 

the efficacy of vaccinations, and to what extent 

tihey demonstrate a link or cause of auUsm. 

A few weeks after this conversation; you are back at 

your friend's house. The brother is there ,again, and has, 
said that they have been thinkiing a1bout another opt1on 
in stead of vacdna1 ing their baby. After ta lk~ng about 
what you told h rm laiSt time about vacdnes and how they 
work, 1hey thought they cou Id bring the new-born baby 
out to the mal I and other pu bi ~c places to ,expose her to 

as many 1germs' as poss~ble. That way, the bro1her says, 
the baby wm build up her own defences and wm not 
need ant1b~otics. 
c Evaluate the two methods the brother ris ieons~deringi 

to protect his baby fr,om the possibHrry o,f ieoin1racting 

diseases l,ke m.ea:s~ 1es, mumps, and n..1belia: g1ett~ng a 
vacdnation or expos,ng the new-born to peopie who 
are possiblry jnf,ect,ed w ith diff erent pathogens. 

d App,ry what you know and understand about the 

immune system and vaccinations to su,ggest the 

better opt~on for p rot1ecttng 1heri r baby. 



3 The tendency of different types of diseases vartes in different areas of 

the world. 
a Explain some of the tr,ends, tendenci,es or patterns of dise,ase that can be 

unders,tood thr,ough the data and stati1st1cs available through organ~zations 
such as the WH01

• 

b 1:here are many· different exampj,es of d~seases that are prevalent 1in 
less ,economiralfry developed nation5 ,compared to m,ore economically 
developed nations. Usjng spedfic 1examples in your response, exp,lain 

this tender, cy. 
Accord~ng1 to the resources at www.water.org: 

Ahhough acces.s to drinking water has ~mproved, the World Bank ,estimate:S that 
21°/o ,of communicable diseas,es in India are related t,o unsaf,e water. lln India, 
dia.rrh,ea alone causes more than 1,600 deatlis daUy ... Hygiene practkes .also 
ieontinue to be a prob~em in1 lndta. latrine usage is ·ex:treme~y poor in rural areas 
of the country; onty 14°/o of the rural poputation ha.s, access to a latrine. Hand 
was.hing is also very ~ow, increasing1 the spread of disease. 

c Appily yourr know1ledge .and understanding of how diseases. spread 
and how they iean lbe prevented t,o offer some possible solut~ons to the 
problems that exist in lndi1a relation to access to water and the, spr,ead 
of disease. 

In the constrtution of the WHO, it states, 'The extension to aH peoples of the 

benefits of medical, psy(ho~ogkal and retated knowJedge is essential to the 
fullest atta~nment of health'. 

d Discuss the relat~onship between peopl,e's l~ving conditions or 

surroundings and heaith. 
e Using sde·nt~fk examples to support your position, discuss the priindple 

~n the above stat,ement that the ifiullest a1tainment of health' depends on 
prrOViiding .all people with 'med~call, psyieholog~,cal and related knowledge.~ 
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Reflection 
In this chapter we have seen that 1heallth' can me,an 1m1any dirfferent things. 
Health cain be influenced by the presence of pathogiens in our body, inheritable 
dise.as,es, Uf,esty~e and behaviour, and men1tal illlness. Mor1eover, we hav,e sieen 1hat 
human he,ahh is, a function of not only the biolog1kal processes that occur inside 
our bodies, but also of the ,conditions that 5urround us wherever we hve. Being 

healthy is a result of how well 1he body ~sable to maintain a hea~thy balance, 

or homeostasis. However, the degree to which our bodies can mainta in or 
re-esta bi ~sh h omeostas is ij s ~ nfl uenc,ed by ,externa I factors indudi ng the conditions 

of our ltvi1ng environment. 

t~r.m11:.1.itl.W.n ..-:i"i rnM.;.';~~.-;~ • ..:.-1T,,;111dr~ 1nni'r;Ki11i11n~ n:;Te)l"d~ 
·-· 

Quest 1ions we asked Answers we found 

factual: What must happen 1ins.~de 1he human body in order for us, 
10 be healthy? What are external condrt1ions that contnbute to, our 
heahh? 

Conceptua l: How are b~dl,og1cal processes in our bodies. the· 
condit~ons we Hve in, and 0 1ur lifesty,1,e.s related so that their 
interactions have consequences for otff overa1lil heallth? 

Debatable: What ts, 'heahh'? Is arccess to heai1h car,e and a healthy 
I if es1yi,e a n·ght or a priv~ liege 1 

Approaches to !learn1ing you used ~n th~s chapter Descript~on - what new skills 
did you learn? 

Communication skil Is 

Media literacy skills 

Critica 1-th inking skills 

Transfer skil Is 

Organization skills 

Information literacy skills 

-., 

Any 'further questions. now? 

How well! djd you 1master the 
skms? 

La. 
QJ 
C: .... .9 

~ QJ +-' ...,., 
.: 'f; ... -~ "- (1J 

a fa rg c. 
<lJ 11,,., X z ....J c.. UJ 

Learner profirle attr:ibute(s) Reflect on the tmportance of be~ng1 ireflecti,ve f or your ~.earn~ng 
tn this chapter. 

Reflective 
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CONSIDER AND ANSWER THESE 
QUESTIONS: 

. . . . ·' .. . 

. . . 
~' • 

• Figure 6.·1 DNA codes for the ,characteristics that 
determine, indivudua~ chatactedstics and iident~ty 

IN THIS CHAPTER, WE WILL 

• F'ind o ut: 
how DNA is the basjs of inhedtance; 

how DNA determines. our identity and 
relationships w~th others. 

• Explore how modeis ,aindl exp,eriments r,eve<1.I the 
structure and nature of DNA. 

• Taike action by exp~oriing whether spedfiic genes 
s hou Id be a rtifida Uy selected to ma k,e I designer babtes'. 

characteristics 
cross-breed 
generation 

heredity 

inheritance 

offspring 

replication 
variation 
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LIFE STORY: HOW THE DNA STRUCTURE WAS DISCOVERED 

• Fig1ure 6 .. 2 James Watson 

I was 2 5 when F rands Crick and I buih 1he first model 
of DNA., a1 the Cavendi1sh Laboratory ~n Cambridge, UK. 

We w,ere so exoi1ed by t he breakthrough that we ran to 
the nearest pub and announced that we had 'discovered 
the secret olf irfe,' ! 

Fra1nds (ndk's the name,_ and DNA's ~he, gam;ef I met James Waits,on 
in 1951, and we i1mmediia1ely gm on. We both thought that 1the DNA 

mo~ecule contained the 1infi.)nmation for inheritance - something that 
few other sden6sts dmd at the t ime. I developed the ter1m1 'central 
dogma' to, summa1dze the idea that genet:k 1information ~n ,ceUs flows 
from DNA to RNA and then to pro,tein, and "this flow is one way. 

• Figu1re 6 .. 3 frands Crick 

6 How do ,characteristks pass from o,ne g,eneration to another? 



• Fi.gure 6.4 Rosa~jnd Franklin 

• Figure 6 .. 6 Maurice Wilkins 

I was ,a Brjtirsh chemist ,andl X-ray crystaU,ogirapher who 1used X-ray dttrractiion to 
study DNA. I produced plhotogra1phs of DNA that show·edl (if you ~new what 
you were ioolkingi for!) that the mo~ectde was 1made of a doubll,e heHx. James 
Watson used one of 1:lhese photos (wJthout my perm1issjon I) to help hi1m and 
Frands. C·ridk develop 1:he1r DNA n1odel. Allthough I m:ade cr~1ka~ 1c-ontnbut~ons, to 
~he understand1ng1 of DNA structure. Watson and Crick pub~~shed their model! 
before I had com pi e1ed my research, a nrd so, today I am som,eti1m1es. referred to as 

'the forgotten woman of DNA'. 

• Figure 6.,5 X-ray diff1ractijon photo of DNA taken by 
Rosalind Fr an kl in in 19 53 i the y,ear 1n wh i,ch Wartson and 
Crick discovered DNA's structure, aided by Frank,in's 
work. The image resuhs fr,om a1 beam of X-rays being 
scatt,ered ont10 d photographic plate by the DNA. 
Various features about the· structure 1of the DNA can 
be det,ermined from the pattern of spots and bands. 
The cross of bands 1indicat,es the heikal nature of DNA 

I start,ed m1y career as a nudear physlds·t but was put off this aft,er work1ing on the 
i1nfamous Manha1tan Projiect (the research and dev,etopment project that produced 
the f1irst aitomk bom1bs dutf'\iog the Second Wodd War). I w,orked a,on,gs~de Rosalind 
FrankHn a1 Klng's CoHsge. London. who, had been emp1,oyed to rirmprove the X-ray 
crystalllography unji. I found herr very dl•fficult to wo~k with (but she prdbabily felt 
the same about meO. I had been on ho"day when she was. first arrwed. and when 
I returned I ars sumed she had been ta ken on as my as.sts1ant - she did not take th~s 
we1Jt and our relatjonship djd not i1mprove from1 that poi1ntl 
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ACTIVITY: Researching DNA and 
hovv science is done 

ATL 
. . . ' 

• I 11f or~atio_n ,l_it~ra.cy: ·Ev,alut~ inform_aiij~n. SO~;lr~es 
. h~se·c:tc,n·:their·· ~pp·rqrfr1at_e-·11esi't'o-ta.sks - .. . 

In this activity you will : 

• access informiatio.n to be informed and infofim others 
• make con n ectio.ns between different sources of 

infol'tm,ation 
• ev.aluate and se lect informati·on sources based on 

their appropriateness to the task 
• create refe'rences and cirtations, use footnotes/ 

endnotes and construct a biibliography according to 
reco gni,ze d conventions __ 

S pecif ica I ly, you will: 
• llearn about how the structure of DNA was discoveted 

(how and by who1tn) 
• discuss what the discovery teUs us about ho'W scieince 

is do,n@. 

Breaking it down, you need to: 
• write an essay on how the structure of DNA was 

discovered 
• use the keywords opposite to help you search for 

info 1tm,a·ti on 
• ·inctude i'nformation about the structure of DNA (what 

it looks l'ike and what it is made fro,m) 
• ·include i'nformation about t!he scientists who helped 

lead to its discovery, as well as the two scientists 
who first pub l1ished t he structure of DNA in 19,53 

• write about what you think the discovery tells us 
about how science is done 

• remember that your work win be marked on content, 
p,resentation, and effort 

• pl,an your tiime carefully, allocating tlme for readi,ng 
and then w·riting1 

• reference your work and i.nclude a bi,bliography. 

How science is done 
The story of how the structure of DNA was discovered 
reveals a lot about how science is done. The study of 

science is based on the scientific method. An explanation 

(theory) is based on evidence (observations) and can 
be. used to make a prediction . The theory remains the 

current theory until a new experimental fac-t contradicts 
it. Then the theory is modified, or changed to a new 
theory that fits the facts - until a new fact is discovered 
that disproves this theory, and so on. 

The discovery of the structure of DNA had many false 

starts, unt i I the correct stru et u re was discovered (in 

1953). The scientists that published the structure of DNA 

first got all the credit for its discovery - even though 

other scientists were also working on the structure at the 
time and had contributed to its discovery. 

Key words 

Peop!le: rwin Chargaff, Alf red Hershey, Martha 
Chase, osalind Franklin, Maurice Wilkins,: James 

Wats n, r:ancis £rick. 

Sdentific words: . denine, thymin i uanin , 
cy.tosin:, ouble heli , ... ray diffrac ton. 

Useful sites: 

Learn G,enetks: http:Jllearn.genetics.utah.edu/ 

Video: www .you tube.corn/ watch?v=sfOYX nAFBs8 

Referencing: There are many different ways of 

referencing (i.e. recording references used when writing 
an essay). A popular method is the Chicago style of 
citation: www.ch icagoma n ua lofstyle.orgJhome.html. 

EXTENSION 

The g lobal context for this chapter is Identities 

and relationships, and the focus for the Learner 

profile is Open-minded. With these in mind, 

research further about the role of women in 
science. Use Rosalind Franklin as your starting 

point, and then f ind out about other significant 
women scientists and the roles they p layed. 

Perhaps you wou Id I ike to give a talk to your 

class/year group a bout changing roles and 

perceptions of women scientists through time? 
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WHAT IS DNA? 
DNA ,(deoxyr~bonudeic add) ~s a moleieulle common to all 
~ife on Earth. ft contains the code tha1 determines 1he shape 
and structure of Uv~ng things. The dis,covery of the structure 
of DNA Wd5, one of the biggest breakthroughs in sdenc::e. 
Scientists could then understand how organiisms reproduce 
and pass on their characteristics to offspring. 

When James Watson and Frands Crick completed the1r 
mode~ of DNA, they announced that they had 'discovered 
the secret of ljfe'. Once, the structure of DNA was known, 
it was dear (iimmed~ately to Watson and (rick, and later to 
other sd,entists) how it could dirv~de and replkaite, copyjn9 
ltselrf from1 one generation to the next and so. p~ssing ,on 'th~ 
~nformanon it contained. 

But what is DNA? DNA is also a macromollecuie (pag,e 56), 

made up from repeatrng unjts of a smaUer bu~~ding bloak. 

The bui!lding blocks of DNA are nucleotides, made 
up themselves fro1m three· parts: ai phosphate, a sugar 
(deoxyribose) and a base. 

There are four drrfferent bases: adenine, cytosine, 
thymine ~nd guanine. Each base has a1 d~fferent shape. 
The bases make a four-~,etter 'alphabet' - the order of the 

bases in the DNA determ~nes the genetic code, wh1ich 
deter1mines the characteris.t~cs of the organismr. 

The phosphate and sugar from one nudeotjde join with 
other nudeotides to form a long chain - two of these chains 
join tog,ether to form a DNA molecule ,(a double he~ix), 
held together by the bases (se,e Fjgure 6.'9). The sugar and 
phosphates fo,m11 the 'backbone' of the DNA, with the bases 
mak~ng the genetic code. 

What do you notteie about the bas,es in Figur,e 16.9? How do 

you think this hetps 1in DNA replication? 

Phosphate 

• Fig1u,re 6,,7 A nudeo1ide -the buj~djng b~ock of DNA 

Nucleotrde Base 

A G T A C G 

P~ospti ate 

• Figure 6 .. 8 A ieha~n of nucleotides make up a 
macromolecule. Two of these jioin togiether to make a 
double het~x (DNA). The sugar and phosphates make 
the ba,ckbone ,of the· DNA, and the bases contain the, 
gienetk code, 

Adenine -------.,~ ~:::::,::::;;~ -- Thymi,ne 
Guanine Cytosine 

Nirtrog,enou!!: --h~ C::7.. 
ba.se 

Base pair - ~ 4!o====~' .,. 
., 

I 
f 

I , 
I 

J 
I 

.. ,. 

r 

-

• Figure 6.9 The DNA double he!ix 

A ) T 

C [ G 

T ( A 

G I C 

Pairs of bases 
form the rungs 
oftneladder 

,.,.., 

-
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EXTENSION: Ho\lV does DNA code for proteins? 

N. u deotides 

DNA synthesis 
(rep I icat ion) 

RNA 'Si nthes is 
(t ra nscni pti on} 

Rrote in synthesis 
{t r a nsl atio n,) 

Amino acids 

DNA 

RNA 

Protein 

• Fi,gure 6.10 The 'central dogm1a' of b~o~ogy developed 
by Frands Crjck: DNA ,codes for RNA, whjch in turn 
codes for protejns. IRNA ~s a mess,engier mol,ecul,e 
that cop~es the genetk code from DNA {this is callerl 
tr.anscripti,on). The RNA travels from the nuck~us t,o 
dboSiome·s jn the cytoplasm where it is 'decodedj 
and r,eadl by the ribosomes to make protein (thi1s is 
caHed translat~on). The order of the bases on the RNA 
determines which protein is made 

DNA 

Nucleus 
-- . J ranscrlptlon 

mRNA-¥T 

'1 "" 

:,., tRNA 
Amino 
acids ei 

c,O~ 

mRNA 
Ribosome ) 

~-~rotein ~ ranslatlon 

- ~~ 
• Figure 6.11 Trans,cr~ptio n and tr a ns.latiion being cairr~ed 

out in the ce,11 

DNA codes for proteins in the following way: 
• DNA in the nucleus unwinds and 'unzips' - the 

bases are exposed. 
• A copy of the genetic code is taken - the 

molecule that does this is called mRNA 

(messenger RNA) - this is called transcription. 
(Why do you think it is called this?) 

• m RNA travels out from the nucl eus. 

• The m RNA genetic code is 'read' at a ribosome 

- the order of the bases determines the order 
in w hich amino acids are assembled together to 
make a protein. This process is called translation. 

(Why do you think ft is called this?) 
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DNA is often seen as a s~i1ghtly m1ysteri1ous substance. It is 

straightforward, however, to remov,e DNA from ,cells and to 

see~ at fi1rst hand. In the fo,Uowlng pracdca1I you w~U extract 
the DNA from1 a fruit - with the sldUs you learn you could 
extract the DNA from any ce,lt indud~ng your own. 

ACTIVITY: Extract DNA from kivvi fru it 

• Figure 6 .. ·12 Kiwi fruit- ~deal f.or DNA extraction 

You will need: 

• Bo ii ing tube 
• G1lass stirring rod 
• Absolute alcohol 
• Fil'te r funnel and filter 

paper 

• Salt 
• Two beakers (250 m [) 

• Washi1ng-up riquid 
• Knife 

What you need to do: 

1 Chop up ha'lf a kiwi fruit. 

• Cho pph1g board 
• Kiwifru 1it 
• Hot wate'r bath (60 °C) 
• l'ce bath 
• Pipettes 
• Bentwire 
• Measuring cy·linders 

(10ml) 
• Top pan bal·ance 

2 Half fill a beaker with hot tap water (60 °C). Add 
.sa 'lt (about 10 g) and stir until the salt has disso:lved~ 
Mix in about 6 ml of washing,-up liquid. 

3 Add the chopped kiwi fruit to this mixture. Stand 
the beake,r in the water bath (,60 °C) for 10 m irnutes, 
c,ontinuing with stirring and mashing the kiwi fruit. 

4 r ,r·ansfer thi's mixture i'n, the beaker to the ice bath, 
leave for s. minutes. Continue sti'rring and mashing. 

5 filter the mixture i'nto a cold boiiling tube. 
fi Use about 10 ml o·f the filtrate (remove any bubbles 

there are on the surface of the l1iquid). Add about 
15 ml of absolute alcohol. Add the alc,ohol very gently 
down the side oi the tube so that i,t sits on top of 
the salt so:lut~on and kiwi mixture .. Do not shake 
the tube - keep it stiU to g,et a good yield of DNA. 
The DNA appears as whi·te strands e11tang l:ed at the 
in,terface of the two Uq uids. 

Think carefully about why you may be carrying out each 
of the procedures above. 

Safety: Wear eye protect ion and wash your hands at 

the end of the experiment. Avoid inhaling the fumes 

from the alcohol. 

·interpret each of the stages in the DNA e_,Xtraction to 
exp1ain how each stage helps to release DNA f rom the 

cell. For example, why is salt added to t he mixture? 

Why is alcohol added? You will need to carry out research 
to find explanations for each part of the process. 

+ Assessment opportunities 

In this activity we have used a scientific technique to 
extract DNA from the nucleus of living tissue. 
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In any sdentific experiment rt is important to explain why 
something has happened, not just describe the outoom1e: 

• The detergent in the washi1ng-up !liquid breaks down 
1he fatty membranes of the k~w~ (ell~s - th~s alllows the 
DNA to come out of the cell. The warmth speed5, up 
this process. 

• The salt brinds to the DNA ,and d1·ssoives in the water, 

but it cannot dissotve in the alcoho~. This causes the 
DNA (and salt) to be precipitated - tlhe cold step helps. 
thjs precip~tation process. 

DISCUSS 
Discuss with your neighbour the following questions: 
• Does the end justify the means in science -were 

Watson and Crick correct to use Rosalind Franklin's 
data without her permi'ssion? 

• What does Watson and Cf1ick's behaviour tell you 
about acade,mic honesty? 

Now share your ideas with the rest of the class. 

EXTENSION: 
Academic honesty 
Hold a debate in your class about academic 
honesty. The proposal could be 'The scientific 
process depends on scientific dishonesty'. 

ACTIVITY: Make your ovvn model of DNA 

In this activity your task is to solve the problem of 
how to make a model of DNA. You will appl.y scientific 

knowledge to make a model that is scientifically 
accurate. You c.an use any material to do this: 
• Pjpe-cleaners and beads (different colours can 

represent the different bases, and the sugar­
phosphate backbone) 

• Candy (such as Hq·uorice, gum1n,y bears) a,nd tooth 
picks to hold the candy i1n p,lace 

• Clay (for a more permanent mod e1I) 
• Origam1i (check out www.yourgenome.org/activities/ 

origam i-d na) 
• Styrofoam bal Is 

Inspiration can be found here: www.wik ihow.com/Make­

a-Model-of-D NA-Usi ng-Commo n-MateriaJs 

Make sure that your bases pair up. In the ONA double 
helix, adenine always pairs with thymine, and cytosine 
with guanine. This base pai.ring ensures that when the 

DNA replicates, an exact copy is made. 

In this activity we have used models to explore the 

structure of a molecule that is fundamental to life. 

• Fi,gure 6.13 Mak~ng a DNA model f rom, candy. 

I 

Two ,colours of l1iquorice mak,e the sugar and 
phosphate backbone that make up the doub~,e helix, 
and giummy bears form the bas,es (e,ach of the fou1r 
bases is a different coiour) 

+ Assessn1ent opportunities 

6 How do ,characteristks pass from o,ne g,eneration to another? 



WHAT ARE GENES? 
Each cell irn an iarganism ,contajns the mole1cule DNA, 

whkh js a set of instrucbons for partkular characte11istics 
~n a sped es. The DNA in ce~is ~s not stored as one long 
moleculle, but is. d~videdl into several jndividlual lengrths called 

chromosomes. Humans hdve 23 different dhromosomes. 

Each dh rom osom e contains lengths of genetic code that 

determine diff,er,ent characteristics -these ,eng1hs of ,code 

are called genes. A g,ene ~s the unit of inheritance, passed 

down from one, g,ener.ation to, the next. 

So, to recap: 
• Nuc:leus: contains chromosomes rmade from DNA 
• Chromosome: a ljnear str.and of DNA 

• Gene: a section of a chromosome that codes for a 

particular protein. 

•
-·- ----._ 

. 

I. . 

·_ ~ ··.~ 

Nucleus Chromosome 

• Figure 6,.15 Each ceH contains a nudeus which controls 
the ac1wities of the ceH. Each nudeus contains lots 
of threads of DNA ,cal 1,ed 1chromosomes - these carry 
inforrmabon which controls how your body works and 
what you lo1ok like. A giene ~s ai iength 1of DNA that 
codes fror a specific ,characteristic, such as eye colour 

1 2 5 

' 8 10 1i 12 

13 14 15 17 ,a 

or 

19 21 22 X y 

• Figure 60]14 Hu1m1ans hav1e 23 d~fferent chr,om,osomes,. 
Chromosom1es occur i1n pairs - one from each parent. 
Each chromosom,e hais a1 different set of genes 
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ACTIVITY: What happens if the 
genetic cod1e changes? 

ATL 

1111 <criticaFthi nkihg ·skills: ~nalys-e comph~x ·cohceJ~~s 
·a11d · synthe~i;ze them· ·~o ~rea~e new \•nd~rs~ancUn.g. 

What happens if one letter in a sentence is changed? 
Suppose, for example, 'The cat sat on the mat' becomes 

'the cat sat on the rat'? One letter has been changed, 
but the meaning of the sentence is completely different. 
The same happens with DNA (which contains a 4-le-tter 

rather than a 26-le-tter alphabet) - changes to the 

genetic code can change the protein produced by a 
gene. 

A mutation is a change in the DNA of an organism. 

The change may or may not result a change to the 

physical characteristics (or phenotype) of the organism. 

Muta1ions that occur in a gamete (sperm or egg) can 

be passed to the next generation, whereas mutations 

that occur in body (or 'somatic') cells may be harmless or 

may result in a disease such as cancer. 

Mutations can result in DNA being copied incorrectly. 

Mutagens can also cause mutations. Examples of 
mutagens include: 
• .X-rays 
• ion·izi:ng' radiation 
• che1micals (for exa·m·ple, the tar ·firom ti'garettes) .. 

A point mutation is a change in one base in the genetic 
code. It can be the result of: 
• the cha ng'e of one bas:e to a different base (often 

caused 'by the DNA being1 copied incorrectly) - this is 
caHed a substitution mutation. 

• the insertion of an additional base into the DNA 
• the de letion of a base from the DNA. 

T A CG T G A A A C G GC A T 
Base seq ue nee ~~~Lr-JLr-J 
Am~no add sequence Ala 

T A CG T GA A A C G GC A T 
Base seq ue1n ce L.-J~~L.-JL.-J 
Amino add -sequence Ala Val 

J 
T A CG T GA A T C G GC A T 

Base seq ue n<e L.-J~~L.-J~ 
Am i,no acid seq ue nee Ala Val 

• Figure 6., 16 A substhution mutation. What is 
happen~ng here .. and what is the effect? 

Because bases work in triplets (threes) to determine 

which amino acid is needed in a protein, an addition or 

deletion can have a profound effect. The deletion or 

insertion of a base results in what is called a 'frameshift"' 
(Figure 6.17). 

Base sequence 

Amino acid sequence 

Base sequence 

Amino acid sequence 

Base seq,ue n ce 

Amino add secNence 

C AT GCGATC A GA T 
~L y Jl T Jl l J 
Tyr Arg 

CA T GCG A TCAGAT 
l J l Jl J l J 

t Y T Y 

Tyr Arg 

C A T T CA GA T 

~ ~ L.-J 
~ 

• Figure 6 .. 17 Base deletion resulting in a Jframeshijff. 
The base 'A1 is r,emoved, resulting i1n all bases before 
it to th 1e I ef t movij ng forward one place. Bee au s.e 
bases work ~n threes, the first two am1ino acids in the 
sequence· chang,e - this would resu lt 1in a dif ferent 
protei,n tr0 the or1igina1I > 
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Some changes result in 'nonsense", so the changed 
genetic code cannot be read and has no meaning 

(in these cases the mutated DNA will probably not 

be replicated and will be terminated). If the change 
results in a different meaning to the sentence (i.e. 
results in a different amino acid being coded for), then 

this mutation is called a 'missense' mutation (shown in 
Figures 6.16 and 6.17, page 153). 

Look at the following types of mutation. What types 
of mutation are being illustrated, and what would the 

results be? 

r-r 
.t h_ g_ L g_ _g__ .Q_ Q_ g_ Q_ i 1.. 1. h. ~ :t B.. IL ~ 2.. .t. 

i 
1. b.. a. L .e.. .d.. ID .C.. g_ b.. i 1. t. b.. .L 1. iL .tl. "- .a. .t 

2! 

Examp~e 1 

1. b._ ~ Lg_ .rl Q_ Q_ g_ h.. L 1. .1. h..~ .t ~IL L ~ 1_ 

l 
1. h.. ~ L e g_ b_ Q_ g_ h.. L 1. .1. h_ .§_ .t ~ Il.. £.. B... 1_ 

Examp~e, 2 

~ 

t. .b.. .L L f. g_ .d.. 2.. g_ b.. L 1. 1. h. i.. 1. i.. !L &.. .i.. i 
l 

1. h. ~ L!,.d L .d._ Q.. b i !l-- ! t h_ £L .t a Jl. C a 

Examp~e 3 

~ 

:t h.. ~ L ~ .d_ g_ Q_ g_ R.. L t. 1_ .h._ !L .t ~ IL £.. _g_ :t 

l 
1. .b_ L LL.d.. !l.. g._ h. i 1.1. h. f.. 1. a. ll. '- .a.. .t. .... 

-
Example 4 

• Figu.re 6~18 D1fferen1 types of mutat~orn - what ~s 
being shown in e·ach 1examip(e? 

Other mutations result in whole chromosomes being lost 

or repeated during c·ell division. Down syndrome, for 

example; is the result of one whole extra chromosome 

21, the result of faulty cell division in an egg or sperm. 

Mutations can cr,eate different v9rsions of the same gene. 
For exampl1e, at som,e po,int tn the past everyone had brown 

,eyes - a mutation caused a different pigment to, develop 

~n the ir~s of the eye, 1,eadjng to peopl1e with b~ue eyes. 
Different forms of the same giene are, call 1ed alleles. 

~ 

Down Syndrome - Trisomy 21 

1 2 3 4 5 7 8 

9 10 11 12 13 14 15 16 

I (ffi) 
17 18 19 20 21 22 XX XY 

, • Fi,g ure 6.19 Down syndrome ~s the· result of an extra 
chr,omosome 

• · Fi,gu re 6~20 An extra chromosome causes Down 
syndrome. The extra one comes f ro,m a ceH divis.i1on in 
the production of sperm or eg9 ,.. 

So, a person has tw·o genes for ea,ch charactedstic: 
• One gene com,es from1 each parent. 

• Each gene comes in different forms. 

• Different forms of the sam1e 1g1ene·s are called aUeies. 

• Mutations can cause 1changies in genes, leading to ne,w 

aUelles and new variation . Mutations can also llead to 
gienebc diseases. 
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Read about 1mutations here: http:/11 ar11.genetics.utah.edu/cantent/variation/ 
mutation/ and here,: www.sciencegeek.net/Biology/Flash PPT/Mutations/ 

Watch the foi~ow1ing tutorial about differ,ent types o,f mutation and the~r 

effects: http:lfevolution. berke ley.ed u/evol ibrary/artic[eJmutations_O 1 

Now look at the following data: 

• Table 16~1 Changes in inddence of !Down syndrome wjth agie of mother 

Incidence of 
Maternal age Down syndrome Maternal age 

20 1 mn 2000 30 

21 1 En 1700 31 

22 1 ~n 1500 3:2 

23 1 i1n1 1400 3·3 

24 1 iin 1300 34 

25 1 ~n 1200 35 

26 1 ~n 1100 36 

27 1 in 1050 37 

28 1 in 1000 38 

29 1 ~n 950 39 

Plot a graph of these data. (You will need to convert the 

incidence values into a number you can plot- how will 

you do this?) Interpret the data and explain the results 

using scientific reasoning. 

D~fferent 
to rm1s of the 

~~~~- --+---+~--I~ 

Chromosome pair 

sam,e gene 
are ·caU,ed 
alleles 

C 11 romosome pa ~r 

• Fig,ure 6.21 Differ,ent forms of the same giene are caned 
aUeles 

Incidence of Incidence of 
Down syndrome Maternal age Down syndrome 

1 [n 900 40 1 in 1 iQO 

1 in BOO 41 1 ~n 80 

1 in 720 42 1 in 70 

1 in 600 43 1 ~n 50 

1 11n 450 44 1 ~in 40 

1 i.in 350 45 1 •n 30 

1 in 300 46 1 ~n 25 

1 rn 250 47 1 m, 20 

1 tn 2.00 48 1 ~n 15 

1 in 150 49 1 rn 10 

+ Assessn1ent op1portunlties 

SUMMARY REFLECTION 
• What have you [learnt about how DNA is divided 

into genes? 
• What have you learnt about how DNA is the basis 

f,or inheritance and evo[u1ion7 
• What have you learnt about allel·es, and how they 

ar-e fo·rm.ed? 

REVIEW 
• Define the foUowin g terms: nudeus, chromosome, 

DN.A, gene, arlele. 
• Describe the cause and effect of gene mutations. 
• What different types of mutation exist? 

outline three. 
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How does 
the genetic 
code produce 
physical 
characteristics? 

I was born in 1822 ,in whait ~snow 1he Czech RepubHc and was. dhristened 
Joha,nn Mendel,. ~ father, Anton_ was a, peasant farmer but his health and 
liveUhood were shattered by .a famng1 tree when I was 16. My father couldn't 
affo,rd to send me to school or un~vers1ity, and so the Church was my only 
route 1,o an education. I bec:am,e an Augusti1nian iriatr, taking ·the na1me 
'Br,ot-her Gregor'. I have bec,ome known as the father of gen,etks because· o;f 
m1y pea p~nt expenm,ents estab1ished many of the rufes oi hered~ty. 

WHO WAS GREGOR MENDEL AND HOW 
DID HE SHOW CHARACTERISTICS ARE 
INHERITED? 
Geneti1c crosses 
How do dharactedstks get passed down from one 
generattion to the next? A monk cai lled 1Gregor Mende~ m1ade 

the first discoviery of the laws of heredity, at a tim,e when 
chrom,osom.es had not yet been observ,ed or genes detected. 

H,ow ,did people t hin 1k t hat inheritance 
worked before Me'nd,eJ carm,e, along? 

People djdn't really know how inheritance worked but they 
thought that ~t must work by 'blendtng;1 (a b~t like mixing 
pafrits of differ,ent colours). For exampl,e, if a taU p,erson has 
children with a short person, the,~r genes wiH be 'bl,ended' 

and the ch~ldren wil~ be of medium height. This seemed 
to work with several characteristics such as hei,ght and 
skin ,colour. However, irt was an inadequate explanation of 
,other chara,cter~stics such as eye colour (how ,can you have 
one, sibling w~th blue, eyes and .another with brown eyes?). 
However, s.dent~sts (f:or exampl,e Charles Darvvin) djdn't have 

any 1other explanation apart from the 'bl,ending 1 hypothesis. 

• Figure 6 .. 23 M·endel's peas. H~storical artwork of the pe.as 
(Pisum sp.) used by Gr,egior Mendel (1822- 1884) in his 
experim,ents. He cross-bred peas that produced yellow {A) 
and green (B) peas. llh~s produces a gener:ati1on h1 whi,dh 
the peas are aU yeH 1ow (C). This lS because the colour of 
the peas is control led by an all iele in wh~oh yeHow colour ~s 
dom1ina nt. An allele is a pair of genes that have different 
effects on the same charc1ctenstk, for instance controningi 
p,ea colour. By breeding the C generabon peas together, 
Mendel found that the next 9eneration had a mixture of 
peai col,ours (D). The ratiio of yeUow to green peas was 3:1 . 
Hj s w,ork formed the basis of gen etlc theory 

• Figurre 6.22 Gregor Mendei 
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Wh,at experiments did Me·n1del carry out? 

He· cross-bred different types of pea pfant ~n the gardens of 
the monastery. In totall he p~ainted 30000 ptants over ,ei9ht 
years. He crossed rounded seed podls wnh wr~nided ones, 
yelllow peas with green peas., taH st,e1ms with dwarf stems, 
and so on. 

What were Mendel's rConclusions7 

In ev,ery case, the offspring were just like the, parent plant, 
for example they were aiH tall. Thent when he allowed this 
offsprdng generation to interbr,eed, he found that dwarf 
plants reappeared in the next generadon. Thjs occurred i11 
a1 3:1 rado w~th 3 taill plants to 1 dwarf plant. He found the 
sam,e results with lots of dliff,erent characteristics. and lots 
of difterent species of plant (such as fuchsias and maize). 

In other word, 'b~ending' wasn't tak~ng place. Mendel .ar,gued 
that 'factoirs1 (what we now caU 'genes') we,re· being passed 
on to the next 9eneration. Some of these factors were being 
h 1dden and then reappear~ ng in the next genera don. 

Were Men,deil's resulits too perfect? 

Mendel obtained excellent results, such as. 14949 tall plants 

to 5010 dwarf pi.ants, givilng a ratjo of 2.98:1. Remember, 

M,ende,1 was a good m1athe1mabdan and he probably knew 

what results. to expect. Some sdentis.ts have argued that his 
results are susp~dously exceUent! 

w ·hat h.a,ppened to Men,d,eJ's ,discoveries? 

In 1866 Mendel published his work d,early in The Proceedings 
of The Brunn Sodety for Natural Science, a sdentrftc journal 
wh~ch found its way into aU the best libraries. He also sent 

his, results and his ~deas to a professor of bo1any jn Mllnfch 

(Kari-Wi lheil m Nagelii). However, Na9eil ~ replljed w~th pot rte but 
patr·onising ~etters. The pro1fessor didn't graisp the significance 
of Mendel's work. Mendel's work r~mained unn~cognized 

and he ,gradually i,ost interest in his giardens as he rose to the 
position of Abbot. Then, three different sdentists (Hu90 de 

Vries, Cad Conens and Erkh von Tschermak) a H tndependently 

r,e-discovered Mende1l's ·work in 1900 and realised how 

important it was.. In 1903' a sdentist called Walter Sutton 
realized that chr,omosomes behave just l~ke Mendel's 'factors'. 

ACTIVITY: Ethics and scientists' 
responsibilities 

On page 151 you discussed the ethics of Watson and 

Crick's use of Rosalind Franklin's DNA data, and the 
role of academic honesty in the scientific process. 

Some scientists have questioned Mendel's data and 
have suggested that it is too good to be true. 

Read more about thi al behaviour in scienc and 

the r s po n si bi lities scientists have. 

Analyse and evaluate your sources of information. 

Discuss the following questions with your neighbour: 
• To what extent are scientists responsible for their 

actions? 
• To what extent shoul1d scientists follow an eth ica I 

code of conduct? 
• Should there be a universal ethical! code for 

scientjsts1 

Now share your ideas with the whole class. 

+ Assessment opportunities 

Chromosomes come in pairs, one from eadh par1ent . In 1918, 

the biologist Ronald Fisher rea~ized that Mendel's results 
c-0u Id be used to support Charles Darw in' s ideas of evolution 

(see Chapter 7). 'M1endelism', said Fisher, ·.supplied "the mjssing 

parts of the str1ucture erected by Darrw~n'. 

Find out more about Mende~ and his exp1eri11ment5, here: 
www .wiley.com/co lle e/test/0471787159/biology_basic~/ 

animations/mendelian lnheritance.swf 

The likely offspring of two parents can be determined usingi 

genetk diagra,ms. These Punnett squares {name-d aifter the 
scientist who dleve~opedl the,m) work out the probabriiity that 
a given offspringi w1iU be produced. 
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Different v,ersiions of the same gene (one from 

the father, one from the miother). 

recessive Hidden by a dominant aUe~e. An aUeJe that 

affects an an~mai's appearance onJy i1f it js present 1in the 

hom:ozygrous state. 

Monohybri,d ,crosses show the possible combinations of 
how one characterisbc can be inherited. 

dominant An atll,ele thait atways. shows through. 
An a~lel,e that causes the hom1ozygous form and ~he 
hetero2yg1ous form to look the sc1m,e as each other. 

The Punnett square sho,ws the genotypes of two garmetes 
produced by meiosis, for both parents. The rest ,of the 
square shows the genotypes ,of offspdng, depending on 
whkh sperm ferti! iz,es whkh eg1g (Figure 6. 25). 

ho m ozyg ou s Two 1identi cal aU e!es for a particular 

eh aract,eds"ti c an each eel l. 

Brown-eyed father Blue-eyed moth er 

bb 

heterozygous Two dtffer,ent allieies for a pairticuiar 
character~stic ~n ,each ceH. 

genotype The 1gene1ic makeup' of a person - the 
genetic ~nformation in the ceH. 

phenoty,pe What you fook ~1ke - the ou-iward effect 
of the gene,tJic code on the body. 

phenotyprc traits Phy~kal charactedstics. 

S,perm 

B 

B 

I \ 
Eggs 

b b 

Bb Bb 

Bb Bb 

The terms above help t,o descdbe genetJc dlaigirams, whkh 
show the p,oss~bl,e outc,omes of genetk crossE?s. Re1member, 

each igene, is found in pa~rs in each ceU, because you have 
two of each chromosome (one from ,each parent). 

• Figure 6 .. 25 How a Punnett square is set out 

"Iake the example ,of eye colour (Figun! 6.24). 

Al I eles and eye colour 
Using 1B1 as the symbor foir ~he brown aHe.le and 
1 b ' as th Ii:! symbol 'for 't!he b I ue al le·le, th ~ 
outcomes o-f gernetk crrosses cim be determi,ned. 

A p@rso n with t\vo 
blue alletes bb_ wil'I 
have BI ue eyes 

A person with 
two brown alleles 
BB1 wil:I ~ave 
Brown eyes 

" 'hat colour wo u Id a person with one brown 
alh~le and one blue allele, Bb. have7 

A ,person with 
Bb vvill have 

______ Brown eyes 

The b rown allel:e (B) is dominant 
wnll.e the bJue a11:e1e (b) i:s recessive 

Heterozygous and Homozygous 
b .. allele for bi ue eyes (recessive) 
B - all·ele for brown eyes (dominant) 

Student 1: Studenr- 2: Student 3: 
Heterozygous Homozygous Homozygous 
(brown-eyed) (b r.own-~ed) (b I u e-eye d) 

To u n de rstan d what colour the 1n e~t 
generationts eyes could be ... 

.. . you c:ould do monohybr1d crosses 

• Figuire 6~24 Determ~nabon of eye collour 

EXTENSION 
The monohybrid crosses 
explored here are simple 
genetic crosses using only one 
gene. In reality~ many genetic 
crosses are more complex t han 
t h is, involving more than one 
pair of genes. Ot her genes do 
not follow a simple 'recessive/ 

dominant' relationship and 
are more complex. Find out 
about these other types of 
genetic cross: di hybrid cross, 
co-dominance,, incomplete 

dominance~ sex- linkage. 

Produce a fact sheet on each 
type of genetic cross. 
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EXTENSION 
Find out more about Mendel's experiments 
here: www.sumanasin c.comlwebcontent/a n imations/ 
conte ntlm en del!mendeJ. htm I 

For eye co,our.r these· a re the possib~I ities: 

1 If both parents a1re homozygo,us: 2 If one parent is heterozygous and 
one homozygous rec1essive: 

3 If both parents ,a1r,e heterozygous: 

Hom ozygo.u s 
( b ro-.v.n -eyed) 

Heterozygous 
(brown-eyed) 

Hete rozyg ons 
(brovvn~eyed) 

IF! ornozygou.s 
{b1ue-~yed) 

b 

b 

B 

Bb 

Bb 

B 

Bb 

Bb 

~ omozygotJ s 
(b l,u e~eye d) 

·~ 
b 

b 

B 

Bb 

Bb 

b 

b:b 

bb 

~eterozygons 
(b rown-~~d) 

I~ 
B 

b 

B b 

88 Bb 

bb bb 

• Fig1ure 6.26 Eye colour: cross 
between 1wo homozygous parents 

• Fig.ure 6.27 Eye colour: cross 
between one heterozygous parent 
and ,one who is homozyg1ous 
r,ecesstve 

• Fi,gure 6.28 Eye co~our: cross 
between two heterozygous parents 

Mendel was the firs.t to n,otke· that tf both parents are heterozygous, offspring are produced 
~n the, ratio 3:1 (three with the dom~nant characterist~c and one with the rec,essrv.e). 

It is now time to practise genetic crosses yourse~1! 

ACTIVITY: Practising genetic 
crosses 

Access these sites to find out about how the results 

of genetic crosses between two individuals can be 

worked out: 

www.dnalc.org/view/16192-An;mation-5-G@netic­

inheritance-fol lows .. ru les~ .htm I 

ww w. s iski you s. ed u/cl a ss/b io 1 /gen et ics/m on o hyb r- id_ 
v2.htm l 

Now carry out some genetic crosses yourself, using 

these sites: 

www.execulink.com/- ekimmel/mende 11 a. htm 

www.ze obio.com/drag_gr11/ 1ono~htm 

+ Assessrr1ent opportunities 

In this activity we have developed a hypothesis 
about potential outcomes of genet ic crosses and 

checked these usi ng software programs. 
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WHAT IS ASEXUAL AND 
SEXUAL REPRODUCTION? 
Ther1e a:r,e two types of reproductijon: asexual and sexual. 

In asexual reproduction there ,ar,e no gametes (eggs and 
sp,erm) and no fertmz.ation. Ce·Hs undergo mitosis (se1e 

bellow) and a structure wh,ch breaks away from the ma~n 

body is formed: this structure grows into a new creature. 

All offspring produced by asexual reproduction are 
9en etka Hy jdent~cal. 

Sexual reproductio,n 1is the product~on of offspring from 
two parents us~ng gametes (egg and sperm1). The ce,Us of the 
offspring have tw,o sets of chromosomes (one from each 

parent). Sexual reproduction involves two stages: 
• Meios~s - the spedal ceU d ivision that makies gametes 

with half the number of chromosom,es (one set). 

• Fertilizatjon - the fusion of two gamet,es to form a 

zygote (back to two sets of chromosomes). 

We wrn explor,e the proc,ess of m1eio,sjs in Chapter 7. 

In sexuall reproducdon, DNA from one g@nerat~on is passed 
to the next by g1ame,tes. 

Sexual reproduction is a source of genetic variatjon, 
when DNA from a mother is 'shuffled' W1th DNA from a 
father. It involved the random fusion of game,tes, whjch 
also l,eads to variation (any sperm cain fertmze the egg). 
Vanadon is therefore produced by comb~ning genes in 
different combinations ~n the gametes, and by random 
fusion of gametes (something1 we wUI come, back to jn the 

next chapter). 

Single-celled an~mals tend to reproduce asexuaHy as they 
cannot have speciaHzed reproduct~ve organs. A yeast ceU 

(Chapter 1, page 16), for example, simply divides j n two 

to reproduce. 

• Figu·re 6~29 As.exua,i 
re product~on ~n a1 
spider plant - new 
piants a re created at 
the t ips of !,eav,es 

• Figure 6"30 A yeast ,celll reprodudng1 asexuaUy 

And her,e is asexual re production in amoeba: 

• Figure 6.31 Asexual reproduction in an a1moeba 
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ACTIVITY: Exploring mitosis 

· ATL 

• · <;re~t.1ve~1binking -~~ills:, Use· ~r~1r-1_stormln_g, c3n_d.: 
·vis\ial :diagra'rns:to '.g·enefate }1ew.Tcleas_and :·inqtfiri"es 

Mitosis is cell division that leads to two identical cells. 
It is used in our bodies for growth, repair and to replace 
worn ... out cells. Some organisms can use it to reproduce 
(asexual reproduction). 

In this activity you will carry out a 'thought experiment' 
- use your powers of observation, and knowledge of 

DNA, to work out how mitosis happens. You may want 

to brainrtorm ideas with your neighbour, or in small 
groups! 

1 Celts. contain si 1ngle .. stranded chromosomes~ During 
mitosis, two new ceUs are created, each containing 
an iden.t1ical se1 of chromosomes~ Why do the new 
cells need to contai1n i dentica 1 cop ires of the orrigina I 
chromosomes? 

2 What do you think has t,o ha:ppe n to each sing(e­
stra·nded chromosome before mitosis can take p:lace? 
(Use your knowledge of DNA s·tructure to help you 
answer this question. -w·hat can DNA do to create 
copies of itself?) 

Figure 6. 32 shows plant cells undergoing mitosis (stages 
go from left to right): 

• Fig 1ure 6 .. 32 M~to5is in plant celllls 

3 Now look at the following diagram of the stages of 
mitosis~ Can you work out what is going on~ and why? 

M,itosis 

• Figure 6.33 The stages. of mitosis 

4 Discuss your observations and conclusions with your 
neighbour. Do they agn!e with you? 

+ Assessment opportunities 

In this activity we have used our skills of observation 

and our understanding of biology to work out how 
mitosis takes place. 
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Befor,e ceHs d~vide, each chromosome must copy itself to 

produce tw,o identica I strands. 

• Figure 6 .. 34 DNA repUcation 

N,~ 
DNA 

fo ITTl1 n:g1 

Th~s DNA mp~ication occurs in a ·stage of the cell ieyde caUed 

i nterphase. 

TI11e process produces doubl,e-stra nded chromosomes. Each 
strand is cailed a chromatid. Chromatjds are held tog,ether 

by a proteri n structure ea lled a ce ntro, mere. 

• Figure 6.35 Double-stranded 
chromosom,e before 
ce~I division 

During mitos~s, each doub~e-stranded chromosome 

reverts to being s1ng~e-stranded, wrth one copy of each 

chromosome e,nding up in each of ihe two new ceUs. 

Chromosome 
consisting 
of one 
Chroma1i.d 

D up1I icatedl 
Chromosome 

lnterphase 

Centro mere 

.._,___....,, 
Sister 

Chromatids 

~ 

Daughter 
C hiro m o so mes 

• Figure 6.36 Changes ~n chromosomes durdng 
interphase and mitos~s 

M~tosis can be djv~ded into four separate stages: pro phase, 

meta phase, a nap hase .and te lophase. 

~ 

Anaphase 

• Figure 6"37 The stagies of m~tosis. Only four 
chromosom1es ar,e shown to make, the process d earer -
in human ceHs there are 46 chrom1osom1es 
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1 Prophas.e. Chromosomes becom,e short,er and fatter 
(they condense) so they .are easier to move, around. 

The chr,omosomes become vis~bl,e as distinct threads. 

The nudear m,embrane, breaks. down so that the 

duomiosomes can move freely wlth~n the cell. A seri1es of 
protein f ibres i(caUedl the sp~nd~e) are formed that attach 
to the ,centromere of each ,chromos.ome. 

2 Metaphase. The chromosomes line up jn the ,centre of 

the· ceU (the ·equator'). They are moved into piace using 
the· spindle fibres. 

3 Anaphase. The spindlle fibr,es contract and separate the 
chrom,atids, which ar,e puUed t10 opposite ends of the ,celll. 

4 Telophase. The nudear membrane refor1ms and the 
eh ro,moso mes unwind s,o they can carry out their 
function once more. 

Fo,Hiow~ng mitosis (i.e. nude,ar division) the cytoplasm1 divides 
~n two, separating the two cells (th~s is called cytokinesis). 

Dudngi m,to.sis, one· eel~ has become tw,o, w~h each 
daughter c,elll a greneticaUy ~denticall copy of the original! 
parent ceH. 

REVIEW 
• What are the differences between se~ual aind 

asexual re·p.roduction? 
• What is inte 1rphase? 
• What are the stages of mitosis? What happens at 

each stage, and why? 
• What hi cytokines.is? 
• Why is mitosis important? 
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SUMMARY REFLECTION 
Reflect on what you know about the differences 
between sexual and asexual reproduction. The 
fol lowing table will help with this: 

• Table 6.2 Co:mparing sexual .and asexual 
reproducbon 

Sexual 
Feature rep rod u cti on 

Com:mon in bacteria 

?~ants do rt ~ 

Most animafs do jt .I 

Needs two pa rents t!' 

Needs only one parent 

Ga metes m·a de "' 
(e~I fu1s1on involved it/' 

No cell f us,on involved 

Variety 1n offspring " 
Off spr1ingi are cllones 

~ 

;/ 

., 

,I' 

~ 

• What have you learnt a bout how single-celled 
organisms rep rod uce7 

• What have you learnt a bout mi·tosis7 

; 

I 



HOW DO MULTICELLULAR 
ORGANISMS REPRODUCE? 
Multi ce 11 u I a r organ isms can reproduce sexual ty o,r asexua Uy" 
allthough the more c,omp,ex ones tend only to be· able to 
reproduce sex.uaHy. 

Plants r1eproduce sexually when they need to create variation 

~n therr offspringi (for example jf the environiment is chang~ng 

and they need to adapt to these chanig1es)1 and asexually 
when the condibons .are not changingi and ail offspr1ng can 
be ident~cal. 

• Fi1g ure 6.39 Asexual reproduct~on ~n hydra. Hydra 
reproduces as,exuaUy by buddjng ,off a daught,er polyp 
(as seen on lleft). The mouth of the hydra (upper centre) 
is surrounded by tentacles. which it use,s to capture 
smaH ite·ms of food which float past on the ,current. 
Food partides are passed to the mouth for ingestion. 
Waste is allso 1ellimjnated ,out o,f the mouth 

• Figure 6 .. 38 Asexual r,epr,oduction in plants 

Examp ~es of asexua II reproduction in p~ants indude· the 
producti1on of runners (as in strawberr;ies) which grow in 

to cJones ,of the parent p~ant, bulbs that can divide and 

produce clones, and tubers (such as potato) that iean spht to 
produGe several genetica~ly ~dentkal new plants. 

Some ainim,als. can r1eproduce asexu.allly; for examplle many 
1ns,ects such as greenfly, and aquatk hydra. 

Sexual reproduction is a much more complex process than 
asexual reproduction. Some animals reproduce through 

external f,ertmzation jn which the male,s and femal.es release 

their gametes into the wat,er (for example many spedes of 
f~sh -the· process is caUed spawn~ng). Most an~mals on iand 
reproduce through interna~ fer1~1izat~on, in wh;ch the malles 

eja,cu:iate sperm into the bod~,es of the females.. 

Mate fish warts to spread sperm over the eggs 

0 0 

(I 

0 o a 
00 

0 0 0 

0 0 0 0 
Q 

0 

Female fish ~ays eggs 

• Figure 6.,40 Spa1wn~ng in fish. External fertilizat~on can 
happen ~n .aqua1ic anrima~s be,cause the giam1et1es. can 
reach each other in the water 
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• Fi·,gure 6.41 Glass eel eggs. The, eggs have been 
released into water and fertm~ed by sperm. The ,e9gs are 
transparent and the develloptng embryos can be· s,een 
within them. The iglas·s eels (Anguilla japonicum) m~grate 
to spawn in the Padfi,c O.cean west of the Ma1riana 
Islands. The adults die after spawning 

Human reproducti,on 

Organ~sms carrying out sexual reproduction have higihly 
sp,edaUzed reproductive organs that ,ensure the 9ametes 
fro,m1 the male can reach the gamete of the femal,e. 

Seminal ,1esicle ---

Sperm duct 

Urethra 

Scrotum 

Penis Testis 

• Fig,ure 6.42 Male reproductive or9ans 

Oviduct 

Ovary 

• Figure 6 .. 4.3 Fema~e reproductive organs 

Gametes from each sex are adapted to the job they hav~ to 
do, and so ar,e very different from each other. 

• Table 6.3 D~fferences between egg and sperm 
- ... - -

·Egg ·s}.(~~6:1: 
1 • _ .... - ...... 

B~gger Smalller 

Can not move on 1its own Can move on its own ,(has ta1m 

Has l.arge food store D,oes not have food stor,e 

Not many pr,oduced 

1 Sperm ar,e produced in the testes by meiosis. 
2 During sexua I ~ntercourse they pass down the sperm 

duct (Figure 6.42) and are miixed with f luid from the 
s,eminal veskies to produGe semen. 

3 The se1m1en is ejaculated into the wom.an's vagina and 
tr.avels towards the Fallop~ain tubes (ov~duct). 

4 One ovum is released ,every month into a FaUop1,an tube, 
at whkh point ~t may be fertilized by sperm. 

5 The zygote (fertiHz,ed egg) wrn develop into an embryo 

and i1mpiant 1itsen in the ljning of the uterus. 

6 The embryo tt1ien devellops a placenta which a~lows the 

7 

8 

embryo to r,ecerive materia~s such as food and oxygen 
fr,om its mo,ther. 
The amnion dev,elops around the embryo, and it secr,etes 
amn~o'tic fluid, which acts as a shock absorber for the 
embry,o. 

When the embryo becomes recogn~sably human we caU 

it a fetus. 

In vitro ferti!ization (IVF) ~s a proc,ess by wh~ dh an egg is 
ferti1lized by sperm outside the body, and can be used in 
i nfertU lty treatment. 
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• Figur·e 6 .. 44 Monarch butterfly freshiy emerged 
from cocoon 

ACTIVITY: Life cycles 

Look at Figures 6.45 and 6.46. What different life cycles 
do they show? 

Pe ac oc k butterf ly 

Eggs 

Imago (adult) 

Larva 

Pupa, 

• Figure 6 .. ,45 Ufe cyde of a butterfly 

Vertebrates also show a variety of different adaptations 

to their life cycles. Look at Figures 6.47 and 6.48 opposite 

-what adaptations do they show? 

SUMMARY REFLECTION 
• What have you !learnt about how imulticellul.ar 

organi·sms re·p.rod uce-7 
• What different l1ife cycles exist? 

A life cycle is a period ilnvoiving one generat~on o,f an 
organ1ism through means of r,eproduchoni whether through 

asexual reproduction or s,exua~ reproduction. In the next 
activity you wil~ find out about d,fferent lif,e cydes. 

Locust 

Adult 

Fiirst wings 

Egg -

1lnstairs 

Rudiment of wings 

Nymph 

• Figure 16.46 Ufe ieyde of ai locust 

Produce a summary poster showing the variety of 

different life cycles that exist in animals. Use the 
following search terms to help f ind information: 

incomplete metamorphosis, complete 

metamorphosis, pla enta, amn ion, marsupial. 

You can also use the information on this page and 
• previous pages. 

+ Assessment opportunities 
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• Figure 6 .. 48 Kanga1roo mother with young Ooey) 

• Figure 6 .. 47 Emperor penguin sitting on ,egg 
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DISCUSS 
• Jn a small group, discuss the different life cycles 

that exist. How are they adapted to different 
organi'sms' ways of Jifel 

• What have· yo1u l·ea1rnt in this chapter about 
the scientifk evidence· that has improved our 
understan dtng of gernetics? 

• How does genetiic jnformation generate the 
characteristics of an org1anis.m? 

• How are inheritable characteristi.cs ,passed from 
one generation to· another? 

• To ·what extent do genetic characte·ristics 
determine the identity of an individual? 

• What have you ilea rnt a bout you,rse,lf as an open .. 
1mind ed 1·ea:rner? In what ways i,n this chapter 
have you critically appreciated your own personal 
history, and sought a ,range of points of view? 



SOME SUMMATIVE PROBLEMS 
TO TRY 
Use thesie problems to apply and extend your learning in 
this chapter. Thes,e pr,oblem1s are designed so that you can 
,evaluate your ~earn~ng: at diifferent leve~s of achj~vement in 
Criterion A: Kn owledg1e and understanding. 

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 1-2 

1 The follow1ing passag,e descr~bes inheritance. Comp~ete 

the· passage by wrjting a suitable word or words in each 
space. 

A gen@ is a section of a doublle-s.tr.ainded moleculle 
known as __________ _ 

This mo~ecule is found within the _ ____ _ 
of the ceH, ,co1ntained in thread~ike structures caHed 

------- · The two strands form a doub~e 

hel irx Ii n ked by a ser~1es of pa ir1ed bases. The base adenine 

is always Unked to and the bas,e cyto~ne 
is ailways ljnk1ed to-------

Sometimes the 1genetk m1ater~a~ of a, ceH ,chang,es: 

this ~s kno,wn as a These ,chang,es occur 
very rar1ely but their inddence can be increased by 

2 Th ~s d iagiram repr,esents pa rt of a molec-u ie of DNA: 

r----------------, 
A -t ----- T ____ _., ----- ....._ ...... 

G 

T 

E A B C D 

• Figure 6.49 The structure of DNA 

Name the labeUed parts A, B, C, D and E. 

THESE P1ROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRtTERION A TO LEVEL 3- 4 

3 Tihe foHowing diagram shows a sec~on of DNA before 
aind after a mut aition: 

AA T G T G CC G 

I 
Mutation 

! 
A G T - G T G - CC G 

• Figure 6 .. 50 DNA m1utation 

a Suggest what factor may have caused the mutat~on. 
b Using your knowledg,e of the role of DNA in ceHs, 

outl'ine the ,effect that the mutation could have on 

the organism. 
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4 Some mutat~ons result in who,e chromosomes being lost 
or repeated dur~ng ceH dwjsion. Figure 6.51 shows a ceH 

where a chromosome muta1ion has occurred. 

1 2 4 s 

6 7 g 10 11 12 

13 14 15 16 17 18 

19 20 21 22 

X V 

• Fi;gure 6 .. 51 Cell ·with a chromosome mutat ion 

a State the number of th@ chro,mosome when~ th~ 
mutation has taken pla1c,e. 

b Outline the possible cause of the mutat~on. 

THESE P1ROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 5- 6 

5 a Describe the d1fference betweeni asexual and sexual 

reproductjon. 
b Copy and comp I ete t he fo~ llow~ ng table using1 ticks 

and cro,sses to indicate pr,esence/absence of different 
features: 

Common i1n bacteria1 

Pllants do it 

Needs two pa r,@nts 

Needs onlly one parent 

CeU fus~on involved 

No cell fusion ~ nvo~vedl 

Variety ,in offspr~ng1 

Offspring are dones 

Sexual 
reprod:uction 

c Describe the proc€!ss of mitosis u sii ng diagrams to 

iUustrate your answer. 
7 a What is a 1g1ene? 

b What rs an aUe~e? 
c A pea p~a n1 ha1s a singl,e pa~r of aHeles that control 

ftow·er colour. 

• Figure 6 "52 Pea plants have f lowers of different 
iColours. Th~s photo1 shows a pea (Pisum sp.) with a 
pu r pie flower 

6 How do ieharacteristks pass from 0 1ne g,eneration to another? 



Phenotypes of parents Purple \IVhtte 

G~ notypes of pa rents pp pp 

Gametes 0 

Genotypes of ~ 
1 

Mal1e 
Gametes 

Female gametes 

0 
OD 

Genotypes of F
1 

parents 

Gametes 

Ge no types of f: 
2 

Male 
Gametes 

r=ema le 9a metes 

00 
0 __ A _____ B ------1 

Q L---c __.__D __, 

• Figure 6 '" 5·3 lnhedtance in pea plants 

7 

The all,el,e for purple flow,ers is dominant to the al~ele 
for whi~e colour. F~gure 6.53 shows the result of a 

cross between a pur.e-br,eeding purpi,e pea plant and 

a pu re-br,eedij ng white· ·flower. P = do,m ~nant ail lele for 

purple flowerl p = rece·ssive aUele for white flower. 

Complete the ,gienet~c d1agram1 shown in 
Figure 6 .53. 

ii What are· the coiours for the flowers of Ai B. C 
and D7 

iii 'Suggest what is mie.ant by 'pure breeding'? 

THIS PROBLEM CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 7-8 

B a Many plants can carry out both asexual and sexual 
reproduction . Compare asexual! reproduction and 

sexual reproduction. Explain the ,advantaiges and 
disadvantages. of both types of reproduction. 

b 1Gregor Mendel was a monk who carried out research 
on pea p~ants t ,o investigate how organisms inherited 
aharacteristics from one generation to the next. Pea 

p,ants carry out sexual reprodluct1on. Between 1856 

and 1863 Mendel ,grew and analysed some 29000 

pe,a plants. Differ,ent pea p~ants showed different 

characteristics, such as. yei~ow 1or green peas. 

• Figure 6.,54. M,endel's p,eas. Hjstorkal artwork of the 
peas (Pisum sp.) used by 1Gregor M,endel ,(1822- 1884) in 
his experiments ~nt,o hered~ty 

Exp rain how pea p!a nts cain produce d iff,erent 

coloured peas. 
11 When Mendel oro,ss-poHinated .a pure-breeding 

parent plant that on1¥ produced yelow peas with 
a pure-breedij ng1 parent plant that on liy produced 
gireen peas, he found ~hat the fi1rst offspdng 
gieneratio11 (F

1
) awvays produced yellow seeds. 

Explain, using genetic diag1rams, Mend~ 1s results. 
111 Mendel cross-pol~inated the F

1 
generation 

to produce a F2 generation. H,e repeated the 
experiment and combined his results. H ,e found 

-diat 70S yellow pea·s we·re produced and 

224 green peas. Analys.e these results, and 
expllain, using genetk diagrams, the observed 
ratio between green ,and yellow peas. 

1v Mend~ carried out more exper~ments ugng other 

characteristics, suah as f!O\f\fer co!our and whether 

peas were round or wrinkled. In each e~periment, 

his data ai most perfectty matched expected 
results. Eva luate Mendel's experiments us,ng your 
knowledge o,f geneti1cs and experim,en1al design. 
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Reflection 
In this chapter we have explored how scientific evidence,, and the use of 

models, have i1mproved the understanding of genetics. We have seen how 
g,enietk information gienerates the chairactedstics of an organism, and how 
inhedtabie ,characterjstks ar,e passed fro1m one gen~ration to the next. We have 

discussed the extent to whkh genet~c characteristics. determine the idenbty ,of an 

ind~vidua I, and the degree to whi dh humans shou Id be able to manipulate human 

reproduct~on or igenetic characteristics. W,e have f,eamt about our roi,e as an open­

minded ie.arner~ considered how to criticality appredate our own personal history, 
and have sought a range of points of view to exp~ore issues ra1is,ed in this ,chapter. 

• ~ & ~ ~~ • .-ca_,..-~-.."-...... 11-..or -.. -..r.1•1li1:,- ~ .-~ 
f _}11 C:"'{~ iil .u;;~~ r.l lil ~~r.u .r::J a · U.\'"l • I lll l!'Jtel'•' • I L'it r;r. 1111 11 • • • f,"\ ll l~ ih1 ··~" l';I ili:.1 ~ 

Q1ues.tions we asked Answers we found 

Factual: What 1is DNA?' In what way 1s DNA t he basis for 1inheritance 
and evo~ut1ion7 Who was Gregoir Mendel and wha't w-orlk did he do 
to show how c:haracteriistics .are inherhed7' What are aHeles7 What 
•s as,e,xual and sexua!I reproducti:o,n7' Ho,w do s.~ngfeaoeU,ed organjsmrS 
re·produce? Whait ,s mrtosi1s? How db muh1ice1tular ot,ga1nisms 
r,e,prroduce? What different Ufe cy,des ex~st7 
Conceptual: What does the structure of DNA reveal about 
~ts functi1on? How does the genet~c code produce phys~caf 
iehairaictenstks.? To, what ,extent does the ,genetk code deter1m~ne the 
idlenhty of ,a person? 

Debatable: Does the end justffy t he means in sde:nc,e· - were 
Watson .and Crkk correct to use Ros.a lfnd Franklin 's data wjthout 
her permission? Were MendePs results too perlect? lo what 
,extent should humans m.ani1pu~ate human repr,odludion or g,ene1k 
charaicted st1i cs? 

Approaches to, ~earn,~ng you used in this chapter Descri,ptrion -what new skrns 
did you 11,earn 7 

Organization skills 

Critical .. t hi nking skills 

Creative-thinking skills 

Information I iteracy skil Is 

Any further questio,n,s now? 

How VJelil did you master the 
skatls? 

.... 
GJ 
C: ... 0 

a.i (IJ ",i::i 

' u E -~ 
·~ u 

tO ~ c.. 
z ~ c.. -~ 

Learner prof1ile attribute(s) R.ef1ect on the importance of being ,open~mrtnded f,or yourr 
learn ,n g in this chapter. 

Open~minded 

6 How do ,characteristks pass from o,ne g,eneration to another? 

I 



CONSIDER AND ANSWER THESE 
QUESTIONS: 

Factual: What is spedation? What occurs during meiosis? 
What effects do genetk mutations have on the survival 

of species? 

Conceptual: How can we understand and know about 

events and processes that occurred many years ago 

and over a long period of time? How have changes in 

habitats led to the development of new spedes? What 
occurs du ring the process of natural selection? How 

do changes in the genetic code lead to phenotypic 
variation? How have changes within eel Is Jed to 

the development of new species? How are species 

interrelated? How can scientists work out hovv closely 

related spedes are? 

Debatable: To what extent have humans and their 
lifestyles driven the evol uti,on of other species? To what 
extent is the use of antibiotics ~n farming benefitting or 
harming human health? 

Now share and compare your thoughts and ideas w~th 

your partner, or with the whole class. 

• Figure 7.1 Gal,apagios Tortoises, Gahipagios Islands, 
Ecuador. These t,artoises help,ed Charlies, Darwfn develop 
hjs theory of evolution by natural se~ection 

IN THIS CHAPTER, WE W ILL ... 

• Find out: 
• how life on1 Earth has ,evo~ved over mm1ions of 

years; 

about the eviden,ce for evolution and how new 
spedes are formed. 

• Exp,lore the mechanisms of natured seleietion and 
spec iation. 

• Take action by campaigning1 t ,o pro,tect an 
,endangered anima~ at risk of ext~nction. 

These Approaches to Learning (ATL) 
skiUs wiU be useful ... 

• C_ri~i~~l-tpin~thg :~k.ills 

• C.(~_~tivi?_'."tl:lin:kfng ~.~i:11,~ 

' •• lnfor,mat,on·. liteta~y. skills-· 

-:• M·e.dia~literacy. skil Is 
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• Fi1gure 7~2 Chad1es Oarwrin and HMS Beagle (lleft) 

ancestral 

comparative 
distribution 

evolved 

isolation 

selection 

speciation 

sustainable 
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My nam1e ~s Charlles Darwin. My father wanted 1ne ta be a 
J:miest .and I began train~ng at Cambddge Unbver.si1y - when 

I showed my displleasure at th~s career dio1ce he suggested 
m,edidne, wh~dh I studied at Edinbur,gih ibeiore giving up on 
tha1 too. My father was not p!eased! My rea1J 1ini 1erest was h1 
natura~ history, and so When I saw an opportunjty to pursue 
these ~nteres1s white emp~oy,ed as gentleman's companion to, 
the Captarin of HMS Beagle, I !leapt at the chance. My father 
eventuai~ gave me h~s g1rudlgiing appr1ovait aind so i1n 1831 I set 
sail as naturalti st on HMS Beagle. This incredib1e, jouriney !lasted 
5 years.1 and prov11ded th~ fieldwork for my famous book 
On the Origin of Species By Means of Natural Selection wh~ch 
was publlis.hed i1n 1859. I descriibedl mt .as a 'br,ef abstract' -
I had intended it to be longed To say that~ caused 'a b~1 of a 
stmr' is sornethi1ng of an understatement! 

Today, it is genera1l~y accepted that present-day species 
have· adsen by ,change from ancestral forms of life. 
By 'evolution' we me·an the gradua~ develop1ment of life 

over very long periods of tim,e (Le. geological t~me), from 
its eariiest beginn~ngs to ~e diversity of organ~sms w,e 
kn ow a bout today .. both living and ,extinct. Evo,lution is 
the development of new types of liv1ngi organ~sm from 
ones that alr,eady exi1st through the gradual burld-up of 
genetic differences. Charles Darwin developed the theo,ry 
of evolution by natural selection, which explains how 
changes in species can occur through variation and 
selection (see page 184 for further details; you wm explore 

the theory over the next few pages). It has been sa~d tha1 
1 Nothing makes sense in biology 'Without evolution1

: th~s js 

because the theory l~nks a~ I aspects of Biology and forms 

a fram,ework for stud~, in the sam1e way that the pe-r~odic 
table in Chem1istry does .. 



SEE- THINK- WONDER 
Put yourself in the mind of Charles Darwin. Look at 
Figures 7.3 to 7.6 that show different objects - each was 
observed by Darwin and helped him develop his theory 
of evolution. 

For each figure, think what might be going on o r 

what a relevant observation might be. Back up your 

interpretation with reasons. Think about what this makes 
you wonder about the object. 

So., in this activity you see, think and wonder (it helps if 
you do these all at the same time, for each f igure): 
• What do you see? 
• What do you th,ink about that? 
• What does it make you won der7 

Write down your ideas on paper. You will need to start 
separate sentences w ith ' I see ... ', ' I think .. .', ' I wonder ... '. 

Share your ideas with a small group, and then with the 
whole class. 

From his breeding of pigeons, Darwin ·noted that there were more t llan a dozen varieties t hat, had t hey 
been presented t o an ornithologJst as \,vi ld b,irds~ wou ld have been dass siified as sepa,rate spectes. 

Rock dove (Columbia /ivia) 
from wh i eh a 11 va 1ri eti es of 
pigeon have been dE!r,ived: 

i=antai l 

• Figure 7E4 Select1ive 
breedingi 1in p19eons 
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'Mole 
(digging) 

Bat 
{f!Jght) 

Lay..out of a 'flve,..flngered' 
(pentadactyl) 11 mb 

Forellm1b 

Upper a rrn ----Iii- Hurn eru s 

Forearm--" Radrus + u Ina 

Wrist Ca,rpals '01° _ 
OO;DOO 

Hand/foot --+ ,Metacarpals I e ~i\ 
+ ipha~anges 1 8 ~ t \ 

2 3 4 5 

2 

Whale 
(S\iVimrni ng) 

1.::r:;,~--

• Figure 7.5 The f orelimbs of differ,ent vertiebrates 

Early 

Late Fish Sala.mander Tortoi,se Chick Pig Rabbit Human, 
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Horse 
(running) 

3 

• Figure 7 .. 6 Vertebrate embryos, 
from early to late stages of 
devellopment 



HOW CAN WE UNDERSTAND 
EVENTS AND PROCESSES THAT 
OCCURRED MANY YEARS AGO? 
Evidenc,e for evolution comes from many sources, indudingi 
from1 the, study of fossils, from artificial selection in 
the pr,oduction ,of domesticated breeds (see Chapter 11, 

page 283), fro,m studies of the comparative anatomy of 

groups of re,iated org1anisms, and frorn the g,eographicall 
distribution of spedes. 

Fo,ssUs aUow us to understand and know about ,events and 
proce·sses that ,occurred many years argo, and over a longi 
perjod of time. Fos.sjUzation is ,an extremely rare, ,chance 
ev,ent. Predators, scavenger5 and bacterial action normraHy 
break down dead plant and animal structures before they 

,can be fossilized. Q,f the, reiativefy few fossils formed, 

most rema~n buri,ed or, if they do become exposed, are, 

ovedooked or acddenta1Uy des-troyed. 

Despite be~ngr suoh a rar,e ,event, numerous fossHs have been 
found - and more continue to be discov,ered aU the time. 
If the fo,ssil, or the rock that surrounds it, can be accurately 
dated (using rad iom1etric deiti ng techniques, which mieasu re 

naturally occurring radioactive substances such as carbon-14 

in relation to the amount of carbon-12), we have good 

evidence of the hi story of I ~fe. 

• f igure 7.7 A fossi~ aimmonite 

ACTIVITY: History of life on Earth 

Your task is to produce a poster that summarizes the 
following information: 
• How are fossi.ls f ormed7 
• Trace how one group of organism.shave evolved 

through t ime (the horse and the whale are good 
exa,m pies to use; www.amnh.org/exhibitions/ 
past-exh ib itionslhorse/the-evo lution-of-horses and 
http://ocean.si.edu/ocean-videos/evolution-wha les­

a nimation) 
• What do fossi:ls teU us about evolution through space 

and trme? Make sure you coimpare fossil records a.nd 
geol,ogy on different continents. Use these search 
terms: geology, fossilization , sedimentation, plate 
tectonics, continentaJ drift, biogeography. 

Now produce a timeline that summarizes the history of 
life on Earth. You should aim to include the following 
key events: 
• 3500 milHon years ago: First signs of Ufe - bacteria 
• 900 mHlio:n years ago= The first complex cells 
• 550 miilUon years ago: First multicellular pla,nts 

appear (liverworts and m,osses) 
• 420 miillion years ago: First animals came out of 

wate,r to live on land 
• 245 miUion years ago: First ti1ny mammals appeared 

with the dinosaurs on Earth 
• 65 mHlio,n years ago,: D,ino,saurs beca,m.e extinct 

[why did this ha1ppen?] 
• ,3.9 millio,n years ago: The appearance of the earlry 

ancestors of humans (Australopithecus afarensis) 

• 120 OOO years a,g.o: Homo sapiens first evolved. 

Use these search t,erms: evolution of life. fossils, 
xtinc.tion, first life . 
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• Figure 7~9 Dinosaur extinction - 1he bones o,f a 
Tyrannosaurus rex w~th eady mammals hiidingi in the 
s~eleton 

7 How have, di1fferent f O·ITTIS ,of Ufe arisen 7 

5 1.8 0.09 O 

• Fi'gu re 7" 10 Re~o:nstructiions of Australopithecus 
afarensis spedrnens 



EX.TENSION: The evolution of life 
What was the first I ife on Earth I ike? Many of the 
clues come from the conditions found at the time 

-the organism must have been adapted to these 

conditions. 

In this activity you will use your knowledge of 

the early Earth atmosphere, and different types 
of respiration (Chapter 1), to design the earliest 
forms of I ife on Earth. You wil I show how changes 

in the atmosphere would have resulted in the 
development of different forms of life" and expl1a in 

how m ulticel lu lar organisms may have first evolved. 

You need to draw diagrams of your organisms (for 

each one of the stages 1-3 be low), and add labels 

to show how their metabolism (e.g. respiration/ 
photosynthesis) would have worked. Can you give 
names to your creations? 

Things to think a bout ... 

1 First life 

a The atmosphere on the early Earth was high 
in carbon dioxide, but very low in oxygen: 

what form of respiration would these early 
forms of life have used? 

b What would they have looked Ii ke (one eel I, 
more than one cell, colour, shape, size, etc.)? 

2 What came next? 

a The first forms of life could not make their own 

food - they had to find food. Later on, other 
organisms evolved which could make their own 
food. How would they have done this? 

SUMMARY REFLECTION 
• What have you learnt about how we can 

understand and know about events and processes 
that occurred man1y years ago and over a lo.ng 
period of tim e1 

• What have you learnt about how fossils are 
fo,rm,ed? 

• What have you learnt about how fossils are used to 
show how life has ev,olved? 

• What have you learnt about the history of life 
on E.arth7 

~~t o~tuu.sw..s. ~o ~otA. ~ow ~boL.tt w,~te~ v.tr:.,~e t~etrOWVv foo~ .. 
Le. eLueose? 

b What would they have looked like? (size, 

colour, etc.). What farm of respiration wou Id 

they have used? 

c What would these organisms have done to 
the atmosphere of Earth? How would the 
atmosphere of Earth have changed? 

3 Changed atmosphere7 

a New life would have arisen with the changing 
atmosphere - what form of respiration would 
this form of I ife have used? 

b What advantages wou ld this type of 

metabolism have given the new forms of life? 

Ht>w WM.evi e~,rg~ eou.Ld t¥tt~ ~ow rtltttse frow.. 9l-i.tt0St eo~p~ red 
t:o e~rt.~ ltfe? wow1~ tYtts ~ave ~tt~ ~~~· lli'\tpl~eai:io~ for ij,,e ,tz.e 
t~t~ Ci:OM~ b!co~? 

c What wou Id they have looked Ii ke (one eel I, 
many eel Is, size, shape, etc.). 

Draw and label each of these three forms of life. 

Perhaps you could draw them as a family tree, from 

the earliest to the most developed? 

DISCUSS 
• Explain to y,our nei,ghbour h·ow 'f ossjls are foim.ed. 
• Discuss in a s,malll g,roup about how lirfe has 

evo lved on E.arth, and the evidence for th iis. 

Biology for the I B MYP 4& 5: by Concept 



WHAT OCCURS DURING THE PROCESS OF 
NATURAL SELECTION? 
During the lndustr~ai Revo,~ution in Britain, in the eariy part of the n~neteenth 
century, air poUut~on by gases (sudh as sulfur dioxide) and soot was distributed over 
the industrial towns, cirtJes and surrounding countrys~de. Here, li1chens a1nd m10.ss.es 
on tree trunlks were ki~~ed off and these surfa,ces were blackened. The numbers ,of 
dark varieties of some 80 spedes of moth increased ~n these habitats in this period. 

This rise in proport~on of darkened forms is known as industrial melanism. 

The dark-colour,ed (m,el,anic) form of the peppered moth B'i.ston betularia tended 

to increase ~n thes,e iindlustrtaUz,ed areas, but their numbers were low ~n unpoUuted 
countryside, where pale, speck1ed forms of moths were far more common 
(Figun~ 7.11). The melanic form w,as effectively ,camoufla9ed fro1m predation by 
~nsectivorous biirds in sooty areas, ,and became the dom~nant spedes. 

Pa le form of Biston betu:la ria observed in 
no 111-p oil I uted h ab rtats 

Experimental evi de nee 
Results of frequency s-tudies in polluted and unpo lluted habitats 

Po.lluted hab~t Urnpoll urted habitat 
100 100 -

80 80-
VI 

E 60 60-
0 ...... 

I+-, 
0 40 40-

'#. 
20 20-

0 0 

Lo ea I populat~on frequency 

Key· - Melranic form 

D Pahe for,m 

* Evidence of 
selective 
predation 

Melani c fo tm of Bis ton betularia observed in 
industrial~y pol'luted habitats 

Mark- release-capture e)(periments using laboratory-reared moths of both forms, 
in polluted and unpolluted habitats 

Po'lluted habitat Unpolluted habitat 
100 1100 -

80 80 
lJ'I 

E 
60 60 .... 

Q 
'+-

0 40 40 
~ 

20 20 * 

0 0 
Local papuilation frequency 

• Fig1u1re 7.11 The pepper,ed moth - an example of natural selection 
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ACTIVITY: Natural selection games 

For each of the following activities formul,at.e and explain a hypothesis. 

Explain your hypothesis using correct scientific reasoning. 

Peppered moths 

• Figure 7.12 The peppered moth, Biston betularia 

Carry out your own investigation of the peppered moth using this site: 

http:J/peppermoths .weebly.com/ 

summarize what you have found out on a postcard-sized piece of paper. 
Share your ideas with your neighbour - write any change to your ideas on the 
reverse of the postcard. 

Biology for the I B MYP 4& 5: by Concept 



The natural selection of candy 
• Take a bowi and fill it with jeUy beans of d'ifferent colours, including black 

(these a:re rep,resen,ting 'individuals in a populatio,n, and the bow'I is the 
habitat of the population). 

• Work out the proportio,n of black candy to coloured candy. 
• At the beg·inning of the lesson, teU the others in your class that the black 

candy does not taste good (they are representing poisonous animals in 
a 1populafion). 

• During the lesson other students can take candy from the bowr. 
• At the end of the lesso·n work out the proportion, of black candy to 

col.oured candy left. What do, your results tell ·you? 

Alternatively, you could put a bowl with nuts, raisins and M&Ms in front of 

your class. Say nothing. After a while, observe which food has been eaten and 
which has survived. 

Worms in the yard 
• Take 1:00 cocktaH st1icks and colour half green and half red. These will 

represent a population of worms. 
• Drop the sticks jn lo.ng grass. 
• Collect as many sticks as you can in one minute. What do your results 

tell you? 

Design your own experiment to demo,nstrate natural selection 

• What will you use as your m,odel org,anisms? 
• What adapta1ions will your 1m:odel organisms demonstrate to ensu,re that 

some are more Uke1ly to surv.ive to the next generation, than othe,rs? 
• How will you ensure your 1results a re reliable? 
• How will you analyse your data? 
• What would you pred'ict the outcome to be of your experiment? Do your 

resuilts confirm your prediction'? 

+ Assessment opportunities 
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Darwin's finches -what do you notic@? Explain .. ... 
Darwin famously studied the Galapagos finches. Look carefu lly at Figure 7.13. 

First identify something interesting about the finches shown in the figure. 

Write a sentence beginning "I notice that ... '. 

Following that observation, begin a sentence that starts: 'Why is it that way?' 
or 'Why did it happen that way?' What conclusions do you reach from studying 
the feature you have identified (put yourself inside Darwin's head ... )? 

Medi um bee ·finch 
(Camarhynchus paup@r) 

Liirge tree finch 
(C".arnarhyr,cti us psittacule) 

Sma'II tree- fi nc_h 
(Csmarhynchus parvufus) 

Vegetarian. ·fin,ch 
~ 

(Camarhynchr.,s cra:ssi,ostris) 

ta rge cactus finch 
(GeosµJZa conirostris') 

Cactus finch 
(Geospiza IKcmd,miJ 

Sharp-beaked ground finch 
( Gee5pi.za difficif is) 

Ancestral 
seed-e-aii n9 

ground 
frnch 

~inly seedS 

• 

Mangrrove fi rK h 
(Camarhynchus heliobiJtes) 

Wood pee ker finch 
(Olm&rhynchus pa/Jidus) 

Warb I err fr nc h 
(Certhidea o!ivacea) 

Cocos isl'and 'fll'llch 
(PirJtm:Joxias inornat'a) 

Small ground finch 
(Geospiza fuJigioosa) 

Luge gro1Jnd finch 
(Geospiza m.flgnirostris) 

Medi um gro.u,nd finch 
(Geospiza fortis) 

Fi1g,u1re 7~13 Spedation in Ga~apagros fi nches; this process is known as 
adaptive r ad1 ati on 
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Information 

The Galapagos Islands were created by rising magma from breaks in the 
Earth's crust ('hot spots'). 

Fernandina ,,_,.,. 
10s [ lsabela 

cfl 

Ptnta 

G~novesa 
-~ Cl 

Marchena 

d ntia~o 

D L Santacruz 
~ o San cristobal 

.I c..'\ /::: 
Santa Fe (.,._,,.I 

0 c-·,Jspanola 
FI orea n a '-J 

• Figure 7 .. 14 The, Ga~apagos ls~.ands lie 1000km west of the main~and of 
Ecuador 

• Volca.nic islan,ds were formed as a p1late moved over the hot spots. 
• An a.ncestra I fin eh colonized the islands from mainland South America. 
• Different populations of the finch became isolated on different 1isla nds. 
• They adapted to the differe1nt conditions found on each is,la,nd (see 

Fig.ure 7.13). 
• Galapagos finches have undergone speciation to fil'I man·y of "the niches 

on these vokanic islands and they now are very different from the original 
mainland South American finch. 

Can you find other examples of island species which have evolved to 
be different from their mainland counterparts, for example Hawaiian 
honeycreepen;? 

Why do you think that Darwin's theory of evolution by natural selection was 
only gradually accepted? What other theories have there been for evolution? 

Research l amarck. 

New evidence from DNA research and the emergence of resistant organisms 
helps to support Darwin's theory of evolution through natural selection 
(see page 193). 

The evoJution of bei3'1k:s ran be expfrored further us1ng the activity on this sjte: 

w ww.ste m. n e u. ed u Ip rogra ms/ re-see di activities-and- la bs/natu r al-se le cti on­
bi rd-be a k/ 
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EXTENSION 
Consider natural selection of Geospiza fortis, a 
ground finch on the Galapagos island of Daphne 
Major. 

Look at the fol lowing graph - de,scribe and 
explain what you see. 

droug.ht drought droug.ht 

1975 1976 1977 1978 1979 1' 9S0 198 1 1982 1983 
Years In which the study was conducted 

• Figure 7 .. 15 Change in mean beak silze in Geospiza 
fortis populations on Daphne Major, 1975-1983, 
prov~des eviidence of natural selection 

On Daphne Major, the medium ground finch 

(Geospiza fortis) tends to feed on smal I tender 
seeds, which a re available in abu nda nee in wet 

years. Du ring I ong dry periods (as occurred in 
1977, 1980 and 1982), once the I im ited stocks of 
smaller seeds had been eaten, the surviving birds 

were those that could feed on larger, drier seeds 
which are more difficult to crack open. It was 
discovered that in periods of drought the average 
beak size increased (Figure 7.15). 

lnvestjgate this further on the iollowtng site: 

www.exp lore learn ing.com/index.dm? 

method= cResource.dspDetai l&Resour e ID= 40 4: 

Th~s Js an jnteract~ve an,1mat1ion expJodng how the 
thkkness of birds' beaks varies according to ra~nfaU 
on an isoJated 1i5'and. 

Dun ng his travels around the ,gil obe., and in particular 

dur~ng hjs vi~t to the Galapagos rs~ands., Chades Darwjn 

noted that aU spec~,es sh1owedl tr,emendous variadon (that 
each indi1vidual was sli191htly djfferent from ,others in 1he 
population). He a~so, noticed that populaitions produced 
many m1ore individua~s than could surv1ive, due to !limited 
resources. He noted that there was a 'struggle for 

existence'. On returning to the UK, and after carrying out 

more 1extensive research, Darwin developed his 'theory of 

evollution by natural select~ on 1 : 

• lnd~v~duals w~thin a popuiat1ion show variation. 

Populatijons, produce m1ore offspring than needed to, 
rep~ace them - lar,ge number of offsprjng feadls to 
overpopu la1ion. 

• The populatjon size remains, constant., however. 

• Resources such as food are liimitedl. 

• There ~s competit~on between individuals for food, 
mates., e,tc. 

• The,re ts a 'struggile for existenc,e' and many 
~nd1rviduals die. 

• lndjv~duals best adapted to the1ir einvi1ronment surviive. 
• These successful ,or,gan~s1ms are mo,re likely to bn~ed and 

pass on their g,enes to next generation. 

• This cont,nues over 1many gienerations. 

If the environm,ental ,conditions change then evolut1ion 
occurs; the animals and plants. dhangie and may, over 

mi U~ons of y,ears, form new species. 

When th~ env~ronment change.s, new opportunid,~s for 

species ar,e generated. The niche of a species 1is everything 

about where and how it l1ives- what ~teats, how it 
reproduces, its hab~tat and so on. Ea,ch spedes has a un~que 
niche, and so as a popu~at1ion moves 1into new envkonments 
the n~che can change. ASi the nkhe changes, so does 
the species. 

Darw1in had observed that humans can select for diifferent 
breeds of animals (e.g1. pigeons - see page 174), and that 
if this 'artifidal selec:tlon' could lead to new varieties then 
there, was no reason why, given suffki ent am,ou nts of tj me, 
that nature could not select for new spedes (hence 'natural 

selection'). This theory revollut,on~zed the way that sdentists 

v~ewedl natur1e, and formed the bedrock 10n whkh the study' 

of Biology is buUt. 
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• figure 7 .. 16 mustrat~on of Chade·s Darwin observing Galapagos tortoise 
(Geochelone nigra), with HMS Beagle in the background 

SUMMARY REFLECTION 
• What have you learnt about how S1pecies e·volve? 
• What have you l1earnt about how new the.ories in science· develop? 

REVIEW 
• Outline Darwin's theory of evolution by natuira I selection., 
• How did Darwin come to his cond·usions? 
• What js. the differe,nce between 'artifici·al selection' and 

11natural1 selection'? 
• Give three differenit examples of evidence fo,r natural selection .. 
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WHAT IS SPECIATION? 
For a new spedes toi f,orm, something else as w,eU as natural 

select~on needs to occur. Look at the fiollowing d~agramis: 

Fi,g ure 7 .. 17 Beede spedation 

• Fi.igure 7.18' Predati1on pressures on beetles 

Something has happened to separate the inidal popu~ation 
of beedes into two js:olat,ed populations- in thns case a nv,er 
has tormed over thousands of ye,ars, but the iso lation could 
,equa~ly be due to a mountain rang,e being cre,ated through 

movement of the Earth"s plates, or some other barr~er. 

The environments 011 ,either s~de of tn,e barri,er are diffen!nt, 

and so1 there are, different selection pressures (~ndi1v1iduai,s to 
the north of the rwer are given an advantage by having a 

0 
species A group of or9an~sms that can mate and 

produce young that are themse~es able 10 br,eed and 

have thelr own y,oungi. 

speciation The process by whtch new species torm1; 
natural selection w,orks with iso~ating rmechanisms to 
produce new spedes. 

gene pool All! the different types of gene (i.e. aU tile 
alleles- Chapter 6) in a spec~,es. 

green co1louration, matching their habitat which is covered 

by lush vegetation; indrviduals to the south of the rwer 
are giv,en an advantage by havin9 a brown co~our as their 

habitat 1is ar1id with m,ore exposed earth - f igure 7.17). 

Wirthout the barrrie,r, the two popuiations would continue 
to mtx and exchange genes - this would maintain the 
variety pr,E!sent ~ n the ~n ida I population but not all l,ow new 

species to evolrv,e. The, barrier, by s,eparating populations. 
isolates the gene pools of two popu,ations so they ca:n 
no longer interbreed and exchange genes (they become 
reproductively isolated) - this means that over tim,e, 
through 1he process of natura, se,ectjo11, adaptive genes are 
s,ellected and others lost and so the tw,o ,gene po,ois .chang,e 
and evolve. EventuaUy the two gene poets are so different 
that even if the two populations come back together 
(if the r~ ver dries up, for example) the ind~vi duals fro1m each 

poputation cannot jnterbreed -1he two popu~a1~ons have 
become different sped,es. 

ls.oiait~on" combined with natural se~,ection, ~eads to 

spe<:iation. Space, as weill as t1ime, is therefore important in 

the ev0ilut1ion of n,ew 5ipedes. 
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• Fi1gure 7a19 Mountains can isolate popullations and lead 
to s.pedation" as. weU as rjvers, seas and other ba1rriers 

SUMMARY REFLECTION 
• What have you learnt about the evolution of ,new 

species that you did not know before? 
• What have you tearnt about how changes in 

habitats lead to the development of new species? 

REVIEW 
• What is needed, in addi.tion to natura I se lecti,on, 

·for new species to form? 
• What different barriers can form that lead to 

populations becomi:ng jsolated? Think of at least 
three .. 

• What ·is meant by ·reproductive ·isoJation'? 
• How can species evolve withi·n the same 

geographical area? 

ACTIVITY: Different means of speciation 

ATL 

• · :cre'ative_~thi6king· skHls:,Apl>ly=.existii-.-g know.ledg~;· 
... ' . . 

1to· gerJ.e~ate:. nf;W '.i~~as · 
• lnforni'atjo·n literacy skilis~ Access-infotn,ation·to be 

·· inf9rm·ed 

Look at the fol lowing diagrams: 

A 

B 
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• Describe and ex.plain what has happened in Figure A~ 
• D1escribe and explain what has happened in Figure B 

(use your lknowl edg:e of what leads to new species to 
i1nform your answers). 

As well as geographical barriers, such as mountain 
ranges and rivers, populations can also become isolated 
within the same ecosystem. Think of as many different 
ways that populations could become isolated within 

the same geographical area -how many different 
environmental factors are there in a forest ecosystem, 

for example, and how could these lead to populations 
becoming isolated and evolving differently? 

Research: llopatric speciation, sympatric speciation, 

enviro n1ental gradient, diurnal/noctu rnal. 

+ Assessment opportunities 



HOW HAVE CHANGES 
WITHIN CELLS LED TO THE 
DEVELOPMENT OF NEW 
SPECIES? 

ACTIVITY: What happe ns during meiosis? 

ATL 

• cr.~a~ive~think_ing skills::- Yse. ·bt_ain~orm ing. ~nd 
-vi'suaf dlagrams to_.g_enerate. new ideas.and-inquiries. 

,· . - . ' . 

Look at the fol lowing diagrams carefully: 

Egg 

Zygote - fertilized cell 

• Fi;gure 7~21 ( hromosom,es 1n gam,etes and ferti1l1i~ed 
c1eU (zygote)· 

• What is the difference between the zygote and 
gametes (e'!)·g and sperm.)? 

• What du you think has happened to the gametes to 
produce the cells you see? 

• Why do you think thi·s has happened? 

In this activity we have used our skills of observation 
and our understanding of biology to work out how 
meiosis takes place. 

Mitosis Meiosis 

.. - - . 
," ~ I .... 

I \ 
I I t 

I lilt I • l 
,. ,I 

....... -.. -~ 

Repliution ! 

.. 
I \. . \ 

I t 'I I 

~ ~'' ' • .. " ... _ ... , 

2N Daughter cerls 

Fow· N Daug,ht:er cel!ls 

• Fi:gure 7.22 Comparing mitosis and meiosis 

• Describe and explain what has happened to the 
ch.romoso·mes during, .me,i,asjs. 

• In what ways does mitosis d,iffer from meiosis? 
• Create a table that compares mitosis wrth meiosis -

what a re the similarities and differen ces7. 
• How· does m:eiosis lead to vari,ati·on? Look carefuny at 

what is happenin.g to the chromosomes and co·me to 
your own c,onclusions .. 

+ Assessment opportunities 
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A ..... Fertilization 

Egg (ovum) ' , ... : : ~ 
23 chromoso mes .. 0:·.ao !II 

O ~ ... 

,;, g, illl -

~ .J# Zygo~ Embryo 
- ~ 46 chromosomes 46 chromosomes 

Sperrn in 23 paiirs in 23 pairs 

23 ch.romosomes 

• Figure 7.23 Meios~s maintains the number of 
,chromosomes in the cells, of ,offspring so, not leading to 
a doubling of the number that would occur otherwi1se. 
Body c,eHs have two of ec1ch chromosome (one from 
each par,ent) - these celUs ar,e known as dipJoid. 
1Gamet1es ha1ve one of each chromosom,e (are haplo id ) 

Meiosis, is ce,n division used in sexual reproduction 
(Chapter 6). It produces gametes that fuse at fertilization 
t,o form a zygote. It leads to variation. As we saw 1in 
Chapter 6, the, number of chromosomes needs to halve 
in gametes so that the or~ginal d1romo,some number is 

maintajned in body c1ells. 

In the, last activity you carri,ed out a 'thought experiment' 

-you used your pow,ers of observat~on1 and knowledge of 
DNA, to work out how meio,sjs happ1ens. You a~so compared 
meiosis with mitosis, - in what ways are they similar, and 1in 
what ways are they dffferent? You may harve brainstormed 
idea·s w1ith your ne~gihbour, or 1in srnaH groups to come to, 
a condusion. 

Two equally probablre 
arrangements of 
chromosomes at 

metaphase I 

M et.aph a se 111 

'Poss ibjli ty 2 

Gametes 9 9 9 .-
---- ' v J 
Combinat ion Combination 

3 4 

• Firgure 7.24 Random a1ssortment of maternal ,and 
paternal chromosomes l,eads to vadat~on 
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Pair of __ ____;:~~~ v 
eh romos omes 

- --- Site of ---~-
ciross Ing over 

Gametes - each one genetka lly distinct 

• Figu re 7.25 
Crossingi­
ov,er l,eads 
to variatir0n 

Memos~s ,enables the number of ,chromosomes to be 
m1ainta~ned from1 one generation to the next. It does this by 

halv~ng the number of chromosomes in g1ametes (so that 
they have ,one set of ,chromosomes rather than two). 

Me~os~s also leads to variation1 of offsprjng through random 
assortment of parenta~ chromosomes (Figure 7.24). 

Another source of var~ation is crossing-over, wher,eby 

genet~c m,ateri~il (a llele5) from one chrom,05,om1e is 

exchang1ed for those of its pafr (Fig1ure 7.25). 

In summary, m,e~os1is leads. to: 

• The maintenance, of chromosome 11umber in body· ceUs 

fro,m one generatjon to the next by halv~ng the number 
of rehromosomies: i.e. cells go from dliplo~d to haploid. 
Variaitio n thr,o ugh: 
D rando1m assortment of chromosomes 

. 
D cross1n g-o,ver 

o the fact that any sperm can ferti~ize any eg,g ceU 

(this is important as an ga1m,etes are g,eneticaUy 
different to each other -wh1ich ga1mete5 fuse 

togethe,r at fertifjzation deterrnine,s the g,ene1k 
makeup of the ,offspring and therefore ,ts identhy). 

SUMMARY REFLECTION 
• What have you learnt about how changes withjn 

cells le·ad to the development of new species? 
• What occurs during meiosh; - ca n you describe and 

explain the events? 



Darwin drew the foH awing sketch in one of his notebooks 
that he usied to record his thoughts and ~deas (a refle<t::tion 
diary): 

• Figu,re 7 .. 2,6 Chari1es Darwin's vision of 'descent with 
modjfication' from his 'B' notebook 

The diagram shows a tree-like, structure. What do you think 
Darwin was trying to, rep resent herre? 

• Figure 7.27 Cormiparis.on o,f great ape skelet,ons 

We have seen eairUer in this chapter how fossH r,emains 
and other eV1idlenei~ (sudh as anatomjcai similariitles) prov~d~ 
eV1idenc,e about hovv sped,es. a re related. The s.keietons ,of 

the apes (F~gure 7.27),, forr exarmple, show that the gibbon 

(lef1 of figure), igoriUa, chimipanz1ee, orang-utan and human 
(dght of figure) are related and share a common ancestor 

(an ancestor spedes they all share), and suggest how 
evo~ut~on has adapted them to different environments, 
and I if,esty ~es. 

The ~st ,evidence foir evolutionl howev~rl lies in th~ 
molecule of lffe that aU spedes .share- DNA (Chapter 6). 

• Figure 7~28 D1NA Unks all Ute by a common thread 

DNA can be used to ·work ,out similan"tlies and diffe·rence.s 

betwee·n spedes - spedes w~th very similar genes wi~I b 1e 
dose,ly related, whereas those with very different DNA 

win be only distantly refated {don't forget all life on Earth 
is u~tjmateiy related to ,each other as we share a common 
ancestor 3. 8 bin ion years agio). 
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• Figure 7.29 Sdentlst examiining DNA sequences. Each 9roup of four strips 
represents the nude,otide sequence of AGCT (adenine-guaniine-cytosine­
thymine; see Chapter 6). Sdentists cain now use computers to ,compare DNA 
sequences from d~fferent organisms to study how siimt,ar they are 

From this informat~on, evolutionary tr,ees ,can be created ,(Figure 7.30) that show 
the interrelation ,of all lffe, and when different groups evowed. 

Fungi ~ .-;; 
kingdom 

Eukairya 
domain 

domain 

• Figure 7 .. 30 The tree of ~ife - showing the, five kingdoms and how DNA ev,dence ind~ca1e·S that all share a c,omm1on 
ancestor ea. 3.8 bimon years a90 {bya). DNA ev1idence allso indicates when d~fferent groups ,evolved 
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ACTIVITY: The tree of life 

In this activity you will seek a range of perspectives from 
varied sources (such as Internet, books, magazines, video). 

Us~ the f,oHowing sftes to exp~nre the 'tree of hfe': 

www.wellcometreeoflife .org/ The W,eHcorne Trus,t~s 
superb Tree of Ufe she. David Attenborough exp!ores 

the evolutionary liinks between all liv~ng thingis. 
lndudes an interact~ve tree of ~~fe (see be~,ow), where 
re]ationshJps between allll branches of 111e t ree can 
be exp~ored. 

www~werlcometreeoflife.org/interactive/ Interactive 

tree of If if e, from the Wet:lcom,e Trust. 

www.onezoom.org/ Another visual presentation of the 

interrelation between alll spedes, created by a group at 
lmperiaf CoHege; London. 

Because DNA mutates and changes through time, the rate 
of this change can be used to estimate when different 

spedes, or ,groups evofved on Earth. DNA evidenoe can be 
used to ,cr,eate detailed diagrams that show the interreiabon 

of groups (Figure 7.31). 

g 
Mammals 

Invertebrate ancestor 

• Figure 7 .. 31 The, retationsh1ip between vertebrate groups 
1hrough tjme 

You can find your own sources of information on tr of 
life, evolutionary Ii n ks, ancestor pecies. 

Each source will present the tree of life in a different 

way. Which source have you found the most useful in 
representing the relationship between species? 

• Choose one group to explore in detai'I. What can you 
learn about how this g1roup is related to the rest of 
life o,n Earth? 

• Pr·esent your research as a poster to inform others 
about 'What 'YOU have found~ 

+ Assessment opportunities 

In t his activity we have used the latest visualization 
software to appreciate the variety of life on Earth 
and see how connections are made on the tree of life. 

SUMMARY REFLECTION 
• What have you leairnt about how species are 

interrelated? 
• What new ideas have you found out about the way 

in which scientists work out whether speci1es are 
closely 'related or 1not? 

DISCUSS 
• Why can DNA be used to ·work out how closely 

related species a re? 
• Discuss in a group why DNA represents the best 

tool for dassifying species and worki'ng out the 
reJatio nshi1p between org:an isms. Why is it better 
than the other methods you have looked at 
(e .g,. fossrls and an atom ica I similarities)? 
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What effects do genetic mutations have on the 
survival of species? 

HOW HAVE 
HUMANS DRIVEN 
THE EVOLUTION OF 
OTHER SPECIES? 
Bacteria and evolut io,n 

• Mutations oocur fr,equently in 
bacteria . 

• Bacteria reproduce very quick~y. 
• Bacteria can ieause iUness. 
• Bacteria are kiUed by antibiotics. 
• S0m1e bacter~a mutat1

~ and become 

resistant t,o the iint1biotk:s. 
• These bact:erila surviv,e, reproduce 

and pass on the res~stanae. 
• Today we have sorme res1stant 

bacteria wh klh ea n not be treated 
by anti bij o,ti cs. 

• People die from the infection 
unless the~r o,wn im1munie system1 
saves them. 
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ACTIVITY: Superbugs 

Describe and explain in your own words what you can see in this diagram: 

A group of bacter1 a. Most of t he norma'I 
in du ding g e netrcail ly ba,teri a die 
resistant onest a.re 
exposed to a,n 
a,ntiblotic 

Normal Reststant 
bacteirium bacteirium 

The genetically 
resistant bacteria 
start muftiplyi,ng 

Eventually the 
resistant strain 
rep laces t he stra in 
affected by 
the antibiotic 

• Figure 7.32 The ev,o~ut~on of antjbiotic resista,nce in bacteria 

• Explain how this ii.s an exam
1
pl e of natural selection . 

• Now explore the evolut ion of ant ibiotic res,istance on t hjs si,te: 
www.sumanasinc.com/scienceinfocus/sif _antibiotics. htm I - animation 
showing the evo lution of antibi,otic resistance in bacteri,a~ 

• To what extent is t he use of antibiotics 'in farm 1ing benefiting or harming 
human hea'lth? Read t he following and come to y'Our ,own conclusions: 

www.nature.com/news/ru les-tighten-on-usewof .. a ntibiotics-on-f arms-1 . 9761 

www.fda.gov/f orconsu mersfconsumeru pdates/ucm378100 .htm 

www.dwf.org. uk.lour-campaigns/anti biotics-health.-crjsis/ 

In this activity we have used our 

knowledge of natural selection 
to explain how superbugs 
evolve, why they are a threat 
to health systems, and how this 
prob I em can be ad dressed . 



The evolution of antjbiotk resistance in bacteda can be 
S!U mm1a r~zed as fol lo,ws: 

'Mutat~on creates 
varLat ion 

'U nf avourabl e m utatlon s 
selected against 

Rep rodu cti on and 
muta:iti on occur 

Favourabfe mutations 
more ,I ike ly to survive 

... and reprodlJce 

• Figu!re 7.33 Mutations lead to na1tural seleieti1on 

Mutationsl as weU as sexual reproductjon ("through meiosis), 
theretore lead to variation and evoluhon by natural 

selection. 

SUMMARY REFLECTION 
• What have you learnt about how humans a,nd thei,r 

l:ifestyles (i.,e. excessive use of anti,biotics to treat 
bacterial infections) lhave driven the evolution of 

other species? 
• What have you learnt about how the use of 

antibiotics in farm,ing ,is benefitting or harming 
human heal'th? 

EX'TENSION: Sp 1ecies loss 
caused by human activities 
As wel I as the evolution of new species, the 
advent of humans on Earth has led to the 
irreversible loss of species {extinction). 

What examples of human-forced extinction 
have occurred (or indeed are in the process 
of happening}? How do we know that these 
extinctions were ea used by humans rather than 
other causes? 

In the past mass extinctions (where 75 per cent 

or more of a II species on Earth went exti net) have 

been caused by natural events. How many mass 
extinctions have occurred in the past, and what 
were their causes? 

What is meant by the '6th mass extinction'? 

What is its cause? 

DISCUSS 
Do you think that antibiotics are being overused? 
What is the problem with using antibiotics excessively? 
What does your neighbour think, and the rest of 

your group? The following sites will provide you with 
information to discuss: 

http://antibioticawareness.ca/?page_id=14 

www.cdc.gov/fea ures/get~n,art/ 

www.who.int/rned iacentre/factsh~etslfs19 4/en/ 

• What have you learnt in t hi.s chapter about how 
spedes change throug,h time and space? 

• How ca n the evolution of species be explained 
by species" inte ractions and adaptations to th,ei r 
e nv i run me nt7 

• What is the evidence for evolution? 
• To what extent have humans and thei!r llifestyl,es 

driven the evohutio n of other sp@cies? 
• What have you learnt about yourself as a reflective 

learner during th 'is ,chapteir? What have you 1learnt 
about how you cons.ider the wo,rld and yo ur own 
ideas and experience? Have your own ideas about 

the origin of lit e of Earth 'evol,ved' during' th is 
chapteir? 
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Expl,ore further .. ~ 
ht:tp:/lwwf .panda.o~g/ about_our _earthlbiod ivers ity/ 
biodiversity/ 

wwwjucn red list.orgl. 

www.tusk.org/i ndex/uk 

www .unep-wcmc.org/ 



SOME SUMMATIVE PROBLEMS 
TO TRY 
Use these, prob~ems to apply and extend your learnijng in 
th~s chapter. Thes,e probtems are designed so that you can 
,evaluate your ~earning: at diifferent leve~s of a,chj~vement in 
Cnitenon A: Know~edg1e and understanding1. 

TH IS PROBLEM CAN BE USEIO TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 1- 2 

1 a 'St a t e what is meant by the term 'evo,lution1
• 

b 'State what is meant by the te,rm 'natural se~,ection'. 
c Suggest how the finches of the, Galapagos 

Islands provide evidence for evolUlt~on by natura~ 

selection (Figure 7. 3 5). 

ii State four other examples of evidence for 

,evol u1 ion. 
M edhJ m tree finch 

(Camarhyn-chus pauper) 
Large tree f i nc: h 

(Camarhyn chus psitta cula) 

Smalil tree fine~ 
(Camarhynchus parvulus) 

Veg et a iri an frn eh 
(Camarh ynchus ·aa.ssirost.ri.s) 

Large cactus finch 
( G eospiza conirostris) 

Cactus fin·ch 
(Geospiza scandens) 

Sharp-beaked ground finch 
(Geospiza difficilis) 

Ancestra,I 
seed-~ating. 

ground 
finch 

M~ nly see!JS 

• 

1Mangrove finch 
{ Camarhyn chus helioba tes} 

Woodpecker f i1nch 
(Camarhyn eh us pallidus) 

Warbl1er fin ch 
{Certhidea olivacea) 

Cocos ,island fine h 
(Pinaro/.oxias inornata) 

Sm~dl giround f inc: n 
( Geospiza fuliginosa} 

Large ground f i nc;h 
(Geospi~ magnirowis) 

Medium ground finch 
( Geospiza fottis) 

• Figuire 70135 Evolutijon in the Giailapag,os. f~nches 
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THIS PROBLEM CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A T 10 LEVEL 3-4 

2 CichHds. are freshwater fish found in Afr~ca1. 

• Fi:gure 7.36 A yelllow dch!,d fish 

a 

• Figure 7.37 Spedation in ftsh 

a o ,ut li ne what ~s. meant be the te,r1m 'spedation1
• 

b Outline the mechan~sm for spedation shown in 
Figure 7.37a. 

c Outline the mechanism for speda'tion shown in 

Figiure 7. 37 b. 
d Afrka conta~ns many d~fferent spedes of cidhlid. 

b 

Lake Ma law1i a lone ,contains as many as 8 5,0 different 

spedes. of dchlids. sug1gest why so many diff,er,ent 
species of dchlidl fish are found in Africa. 

7 How have, di1fferent f O·ITTIS ,of Ufe arisen 7 

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING lN CRITERION A TO LEVEL 5-6 

3 In Hong Kong, .a total of 22 936 new paUents were 
~nfected by one of thre,e major supe~bugs during 2013. 
The three superbugs were: Extended-Spectrum Beta­
Lact;11mase (ESBL), Methkill~in-Resi·stant StaphyJo-eoccus. 
Aureus (MRSA) and Carbapenem-Resistant 

Adnetobacter bau1mannii1 (CRA). 

Potent i a I killers 
Top three superbugs rn hospitals 
Multi-drug resista·nt organisms (MDRO) 

New patients New patie nu Change 
201 1 2013 

ESBL 11 613 11 510 +8o/o 

MRSA 6571 7793 + 19o/o 

CRA 1697 2 6.33 +SSo/o 

Total 19881 229)6 • 
• fjgure 7.3:8 Change,s in .superbugs in Hong Kong 

hospita~s between 2011 and 2013 

a Describe what ~s meant by the term 'superbllg'. 

b Describe how superbug1s have ,evolved. 

c Ana[yse the data in Figure 7.38. 
Oe:scribe the differences in 1he number ,of cases 
recorded for each superbug in 2011 . 'Sugg e st 
reasons for 'the differences rec,orded. 

ii Compare and contr.ast the change in incidence for 
each superbug1 between 2011 and 2.013. Suggest 

reasons for "the differences recorded. 



Bisr:on betu:larla 

Pale form cbs~rved in non-polluted habitats 

Dark form observed in industrialty pol'l:uted habitats 

&'.x.peri men ta I evidence 

Results of studies in polluted and 
u npol I uted forests 

Po]luted habitat ILJnpaJluted hahitilt 
100 100 

§ 80 80 
0 60 60 -0 40 40 

?It 20 20 
0 0----------.i~ 

Pop U'lat ion a bu ncfa·n C9 

Key 
• Dark ·form 

D Pale ·form 

Resu Its of studies using 
laboratory-reared moths of both 
forms in polluted and unpolluted 
forests 

Polluted habitat UniPolluted habitat 
100 100 

~ 80 80 
~ 60 60 

i,,.;;. 

't 40 40 
ci- 20 20 

0 O_.___-
PopuJ at,ion a b,u nda nee 

• Figure Z.39 Biston betularia and ~ts two forms 

5 Bi:ston betu/a,ria ~s .a moth f,ound throughout the Untted 
Kingdo1m1, It occurs. in two, forms: pale and dark. 
a Su,ggest how the darlk form cou~d have ari·sen. 
b Compare the resu!lts, from the poHuted and 

u npoU uted for est. 
c Suggest reasons for the dWf:erent paipu~ation 

abundances of p.a~e and dark forms: 

in po n uted for,ests 
ii in unpolluted f.or,ests. 

Figure 7.40 shows th~ distr,bution of pdle and dark 
forms throughout the UK and lr,eland. 

d Suggest reasons for differences in the d~stributmon in 
pale and dark f orrns. 

N 

T 
0 250km 

0 

Q Pale 

- D~rk 

Prevailing wind 

0 

• 
-e • e -

• Figure 7.40 The d~stribution of pale and dark p,eppered 
moths1 Biston betulana, throughout the UK and lrelland 
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Firgure 7.41 shows changes ~n the abundance of each f,orm of Biston betularia 
between 11956 and 1996. 

N 

l 
0 2S0 km 

0 Pale 

e Dark 

Prevailing wind 

• • 

0 

• 
G) 

Q 

G) 

0 

• F,igure 7~41 The 9eograph1ic distribution of dark and pale forms of peppered 
mioths in the UK bas,ed on a 1956 survey O,eft map) and one carried out in 
1996 (ri1ght 1map) 

e Suggest reasons for the chainges 1in the abundance of the dark and pale 

forms between 195 6 and 1996. 

TH[S PROBLEM CAN BE USED TO EVALUATE YOUR 
LEARNIN,G IN CRITERION A TO lEVEL 7-8 

6 Sickle ieeH anaemia is ,ai genetic d~s,ease that affects red 
bllood cells. People w1ith the djsjease harve sickJe ... shaped 
red bllood Gellis that do not ,carry oxygen and can bllock 
cap ill la ries. 

• Figure 7.42 A sickle ieelll (left) and ,a norma~ red blood 
c,ell~ (right) 

7 How have, di1fferent f on,,s ,of Ufe arisen 7 

Malada is an infect~ous disease of humans and other 

anjm1als caused by a parasitk protoctistan caUed 
Plasmodium. Mosqu~tos canry the parasite fro,m one host 
to another. Fe,mal,e miasquitos require blood t,o surviive 
and when they feed they inject the, m1alar1ial paras~tes 
~nto the blood. 

• Figure 7.43 A female mosquiito f,eeding 



Plasmodium have a complex Hfe cyde with a series of 

different stages. 

The m1alaria, parasirte require normall r,ed b~ood ceUs 

to cam p!ete its life cyde. 
a Skkle c,eU anaem1ia ~s caus,ed by a change in one 

base of DNA. Explia in how this causes a change in 
the hemoglob in protein. 

~ -_,,_r 
Spo rozi,tes::: 

Capil lauy .r" -
Uver cell 

Uptake during entry 
blood meal 

Develorne~ 
g.;im etocyte s 

-.,. Lymph 
n,ode 

Liver c:e 11 

Asexual 
reproduction 

The aUele for sickJe-ceU hema-g,obin is rare in many 
parts of the wori1d but more co1m1mon in ,areas 
of Africa. • f ig ure 7.,44 The Jife cycle of t he, Plasmodium, parasiite 

Distribution of hemoglobin S is virtually the same as that of malaria 

Distribution of malaria caused by Plasrnodium 
falclparurn or P. ViVciX (~he forms of nt'alaria that are 
rr ost freq U'@ ntly fata,I, es,pecl a l1ly ,j n eh lld hood) 

Distribution of sick I e..ce II gene in 
the population 

D o-s% 
D s-10% 

D ,,0-15% 

15-20% 

\ 
J 

• Figure 7.45 The distribution of malariia and sickle-cell gene in Africa 

b us,ng the mformation in Figures 7.44 and 7.45, sugg1est why the sickle-celll 
al leie is m,ore ,corn main in parts of A friiea than other areas. 

c Select and evaluate the evidence from the m,aps that explains the 
d~stnbut1011 of the skkie-cell allele and 1he res,stanc,e to 1malar;1a 1in 
parts of Africa. 

d Sick~e-c,ell anaem~a is an example of vadation in humans. 

i Explain how meiosis produc,es vari:ation. 

ii Compare m1itotk ce,H dhllis1on with ceU division by meiosis. 

Bio logy for the I B M YP 4& 5: by Concept 



Reflection 
In this chapter we have found out about how species chang,e through time 
and space, and seen how the evo,ution of species results through spedes' 
iinter.actions and adaptations to their en~ronrment. We have explored the, ev1dence 
for evo,lution, and the e,xtent to which humans and thek iffestyl,es ha,ve ddven 
the evolution ,of other spedes. We have expla~ned how new species evolve 
through the process of na1Jural sel,ection and spedat~on. We hav,e ~earnt about 

our role, as a r,ef~e·ctive ~earner by cons~dler1ng the world through our own ideas 
and exper~,ences. 

(,,;' -- - ----•• _.. I<'""" 

~1,~ams1;1;,{::>11u .. ,~al'.:I._tr•J~ lI•••1.a•lT,ft1 11d[:r.11111111uK111"R.l1111-'1{e111\W111:.i--~ 

!Factual: What is speda1tioni? What occurs dunln,g mei,0;1s? 
What ,effects do geneti,c mutatjons have on the .surv~vall of spedes? 

Conceptual: How can we understand and know aboUJt events and 
processes tha1 occurred many years agio and over a ~ongr period 
of t,mre? How hav,e changes in habrta1s lied to 1he development ,of 

new spedes? Wha1 occurs dudng the process of naturarl s·electjon? 
Ho,w do changes 1in the gen.et~c code lead to phenotypi,c variatiion? 
Ho,w have changes within ceUs l,ed to the deve~opm,en1 ,oi new 
spedes? How are spedes ~nterr,ela.ted? How ca1n sdent~sts work out 
how dosely r,ellat,ed spedes are? 

Debatable: To what extent have humans and their hfesty1les 
driven the ev,oluti1on of other spedes7 To what extent ij5 the use of 
antib11otks in farming benef1itt~ng or harming human hea11th7 

Approaches to learning you used ~n this chapter 

Crit ica 1-th inking s kills 

Creative-thinking skills 

Information literacy skills 

Media literacy skills 

Answers we found 

Descdption - what new s.k iHs 
d~d you ~earn? 

Any further questions no,w7 

How wd~ did you master the 
skms? 

.... 
QJ 
C: 

Ii.. 0 
~ a; ·.;::::i t: C: ·-e (IJ ·s: .... 
0 rt, 

~ i :z: ~ 

Learne r profile attr~bute(s) Refh~ct on the importance of beh1g reflective for your 1learnjng 
in th 1i s chapter. 

Reflective 
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changes 

CONSIDER AND ANSWER 
THESE QUESTIONS: 

• F'igure 8 .. 1 Organisms are most sucGessful when they are able to perceive 
a1nd re,spond to changes in their surround~ngs 

I THI PT I E t LL ... 
F1ind 0 1ut how humans and other oirganjsms are adapted to respond to 
changes in our and their surroundings. 

Exp1lore: 
• the interconnectedness between organ~·sms' ,adaptations and the,r 

survival in the place and t~me they are Uving; 

• how different org,anisms interact in their 1envkornm1ent and respond to 
the chang11ing conditions ~n their surroundin91s. 

Take action by designing vegetabl1e gardens that are well-suited for 
growjng in d~fferent citBe:s, d~fferent neighbourhoods of the same dtyl 
or in y,our own schoo~ or ne,ighbourhood at dlfferent t~mes of the y,eair. 
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These Approaches to 
Learning (ATL) skills 
wni be useful ... 

• Cotnmu riicatioh skills 
• ,. . • • •• • • • ' • --., . 4 •• 

• . or9:anizati.c>n:skms .-

.• n,fo·rm,ition litetacy.skills 

• Trans-fer.skills· 

• . Cr.eative·-thinking .. skills 

• · Criti'cal.-thi nking .skills · 
I • . ' • 

A fable is a story that uses ,characters fro1m nature to teH the 
readers ai moral, or lesson" for Ufe. To start th~nking about 
the important ideas and m,essd9es in this chapter, read the 
fable 'The Oak and the Reed'. This has been translated into 
Engl~sh f rom Greek, and was odg1inaUy told by Aesop, an 

andent Greek storytelller who l~ved around i620-564BcE. 

Then loaf< ,carefully at Hgure 8.2, and use both the written 

fable and the iUustratjon to respond to the questions. 

THE OAK TREE AND THE REED 
A 1·eed got into an argument with an oak tree. 

The oak t1·ee n1arvelled at her own strength, 

boasting that she could stand her own in a battl 

against th wind . Meanwhile,. "'h cond .mned 
the reed for being weak, sin,ce h \Vas naturally 
inclined to yield to every breczt=. The wind then 

began to blo,v ,1ery fiercely. The oak tree \\,as 

torn up by her roots and toppled over, \vhile the 

Teed vvas ]eft bent but unharmed. 

Aesop's Fables. A new translation by Laura Gibbs. Oxford 
University Press ,{World~ Classics): Oxford, 2002 

hormones 

nervous system 

neurons 

stimulus 

tropisms 
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• Figure 8 .2 The, oak tre,e and the reed 

THINK- PAIR- SHARE 
• What do you see in Figure 8.2 that connects to or 

lhe l,ps to iilllustrat e the fable? 
• What is d:iff erent between the oak and th e reed7 
• What happened to the oak'? What happened to th e 

ireed7 Why did these th 'ings hap:pen? 
• What is the mo·ra,f of the story? ln other wo·rds, 

what is the Jesson for life (in one sentence) that 
this fable teaches us'? 

• What do you think the connectiion between this 
fable and our chapter about adaptatb,ns m,ight be? 



What makes an organ;sm suiited to ~ive in jts environm,ent7 

How ea n it be possible that som1e organ isms. th r jve m 
conditions that seem ~mpos51jb~e, - or at least dangeroius­

to liv,e in? For example, why is ijt thait one plant, such as, a 
cactus, can survive in ai hot, dry desert while another p~ant 
such as a fern, thrives, onl1y in a co,ol, damp forest? 

Or, why do some anim1a~s live together in a large community, 

lik1e these sardines a11d herring (right),, while others spe11d 
most of the,ir lives alone or in a smaU group, Hke thjs shark? 

Or, th~nldng about humans- how is it poss~blle that we 

ar,e ab~e to ,cross busy streets., speed cars down a hjghway~ 
or chop up food and cook over a fir,e thousands of tim,es 
during our !lives and (usuaillfy) not 1get hurt? 

It ~s, o,f coursef because or1ganisirns hav1e ,evolved over 

time and in djfferent settings t,o be adapted to live in and 

respond to their environ m,ent, just as we saw in Chapter 7. 

Through the processes of natural sele-ction and ,evolution/ 

different spedes have passed along different traits as result 
of their suitabihty for surv1val in the time and p~ace the 
or1ganisms are llwing. These traits that make organisms weU 
sui1 ed to Uve in their habitat a.rie ,ea Ued adaptations. 

But what are som1e of tho,se adaptations that contribute t,o 

the surVJVai of humans/ other an~mals and plants in differ,ent 
plaoes and at d~fferent ti:mes? 111 this chapte,rl we wrn ~ook at 
some of the challenges that aH organisms face as their living 
conditions changie through tjm,e - ,either through the course· 
of a day, or year after ye.ar - and how the~r adaptations 
all low them to respond to those challenges, incr1easeing 
thefr iehances of stuvivaL W,e wm also look ,at how humans 
have been able to m1anipulate some organisms and their 

adaptations in order to meet the needs and wants of the 

growii ng h u m1a n popu latiion. 

• Figure a.3 Cacti and ferns ar,e both p!ants,. but they 
girow in very different condit~ons 

• Figure 8 .. 4. Sharks are solitary while sardines and herring 
swj m 1i n Ila rg1e groups 

• F1igure 8"5 Humans are adapted to function in a wjde 
variety of situaUons, allowing us to partjc~pate, in d~verse 
activitjes 
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ACTIVITY: For every action there 
• • 1s a reaction 

ATL 

• ·,o_tgahiz~tiph sfcill~:-Us_e_.approp·riate str~t~~gi$t for 
or.g~ni_zrr-1_9 compl~>;Jnfot~ ~t_-io·n . -

• ·. - ·. I ·.•. 1 ,I · - • 1 ' •. • I •" 

Science includes a lot of information! There are many 
facts, terms; concepts and skills that you need to know 

Activity Response 

1 look do5cly at your partner's eyes, 
obsernng the pup~!, the black area 
in the m idd~,e ,of the co~ou red pa rt. 
Then, have youir partner dose lhis or 
he,r ey,es for 15 seconds. What do 
you notice about the ipuiptls when 
the ey,es are re-opened? 

2 Ask your partner to sit with his ,or 
her legs crossed, so that the leg can 
swing, freefy. Hjt the leg just below 
the knee \lv~th the side of your hand. 

3 Have your partner hdld a dear 
piece of acetate or th,n wrre screen 
in front of h~s or her face. Then, 
throw the cotton ball at the person. 

4 Have your p~rtner carefuJI¥ 
turn a,round fr11 a drde for about 
20 seconds. look dos.e~y at his or 
her eyes. when she or he beg~ns to 
turn around. whJ~e spffnning, and 
i mmediate1y after stoppitn g. If you 
have a stodl 1hat sp1ins" you could 
a,so try sp,inn~ng whUe s,eated. 

in order to understand the concepts and apply science 

to your daily life. Tables are a great way to keep yourself 
organized and systematically sort information to look for 
patterns or find unique characteristics. 

For this activity, you will work with a partner to 
complete the activities listed in column A. You will copy 
the table and fill in columns B, C and D for each of the 

activities. Share your ideas for columns C and D with your 

partner, and write down any scientific suggestions that 
seem appropriate for each activity. 

Possible reason for Where and when this response 
the response might be usefu I in ' real life' 

' 

Scientists depend on keen skills of observat io n in order to identify 

patterns and form conclusions from their investigations. In addition, 

making observations of natural phenomena is often the starting point 

for questions that lead to experiments and discoveries. 
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LE 
A reflex is an autom,atk and involluntary response to, a 
stimulus. A r,eflex can be thought of as an immediate 
adaptation t,o a sudden chan9e in our surroundings. 

ACTIVITY: Stimuli and reflexes 
Drscuss each of the following stimuli with your partner 

and how you might normally respond. Copy the table 

and fill in the usual responses to the stimuli in the 

'Examples of responses' column. 
----------

Examples of stimuli Examples of responses 
I - ~ 

The Sun is shi1ning1 bdghtly 
into your ey,es. 

You put youir hands under 
the ·tap to wash your hands 
and very hot water corn es 
out. 

You 1ake a mouthf uJ ,of 
1m,Hk thait has gone sour. 

You walk jnto a bakery 
at ~unchtime and the alr 
is fi liled w,ith the smeH of 
baking bread. 

You ,are wa~king down, the 
stree1 when an ambu~ance 
speeds down the street 
wJth ~ts sjrens on and stops 
a1 the intersect,on in front 
of you. 

Us ~n,g these· ·exa1mp ~es~ I understand -tha t a sti mu I us 
Gpl. st,mu~O 1is ••• 

• Figure 8.6, If w,e touch som1ethin9 lhot we aiutoma1tkall1ly 
respond by droppJn9 whatever ~t ~s we are holding 

Imagine thi,5 ... you aire in your k1itchen ,co,oking soup on 

the stove in a metal pot. The soup has been bubbling for a 

couple ,of mi nutesl so you think it is ready. You turn o,ff the 

burner,: reach for the metal handle{ pi1ck. up t he pot, and ... 

ouch! Now, there is a bi1g m,ess in the kitchen because you 
dropped the hot pot and soup spiH,ed eve,rywhere,. Burt why 
would you drop the pot m~e 'tli~s?' Why wouldn't you just put 
the po1 carefuHy down so you wouidn't have anythingi to, 
dean up? 

You dropped the pot because it is a r,efllex to do so. Because 

reflexes ar,e automatk, 'unthinking' achons that happen 
immediately- ,n resp,onse to what happens around us, 
to u5,, and ev,en 1ins~de us., they help us avoid potentiaUy 
danger,ous or life-threatening results. R,efl1exes are examples 
of adaptatfons that aHow us to, int~ra,ct with and respond to 
our surroundings to ar'id in our survivaL 

Of course, we have al I experienced these automatic, 

uncontrollabt,e - and sometimes embarrassiing - actions, 
lik,e sneezing !loudly whi\l,e y,our dassmates are quietly 

w,orkingi., or shjvering when it ts cold out, or jumping1 when 

someone behind you says 'HeUo!' How can we do this? 
How can we act wJthout even thi1nking? Don't we control 

our bodies and what we do? And., wh~,e the ,answer to that 
last question is yes, we use our brains to make decisions 

and take actions, the-re are a~so times when the th~nking 
part of the brain is simply not invo~ved in the act~on 

process. The process of forming a thought would be too 

s~ow, and, so our musdes act before we m1ake a though1fu1I 
de,c1ision to rea,ct or not. 
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We, are able to respond without th~nking to what goes on 

around us because w,e have sense· organ 5 with speda lized 
cells that allow us to, perrce1ve ,chang~n9 conditions, and 1hen 
send 'instant messages' through ,our body in ,order to cause, 
an appropriate response. But ho,w ar,e we able to notice 
these changes?' To where do we send the instant messages? 

And how are we able to respond so qui1ckly? 

THINK ABOUT IT! 

To begin to answer these qu estJions, we will next ~earn more 

about our sensory organs that are responsible for hitbngr the 
'send' button for the instant message,. Then, we wm take a 
doser !look at the path the instant messages m1ust f,o!llow· for 
us to respond qui,ckly and appropr~atety. 

Finding the connections between personal experiences 

and scientific concepts helps us to better understand and 

apply our learning. Use the information from what you 
read .. see and talk about in addition to what you have 
experienced in your day~to-day life in order to copy and 

complete the table below. A portion of the table has 
been filled in as an example. 

Exarnples of stitnul i the sense Exan1ples of associated 
Sense organs Associated sense organs perceive responses 

Nose SmeU Bread bakJng M,outh watering 

R.ottein m,eat CrinkHng nose; push1n9food away 

Mouth 

Ears 

Eyes 

Skin 
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El I TI I 
Now that we have thought a1bout some of stimu~i to, whkh 
our bodies respond, as weH as. the types of re~ponses w·e 
have, let's !learn how and why we actuaUy have those 
responses. We'~l look at the ex.ampl,e m,entioned 1eari~er, of 
dr,opping the hot 1meta1I pot fulll of soup. 

The response beg,ns in the fingertips, wher1e ceHs caBed 
sensory neurons are stiimulated by the h~gh temperature 
they sense. The sensory ieeHs j n your fingertips con ta in 
thetmorecepto,rs. which means the skin ce·llls on the 
fingertips are spedaH~ed ijn order to detect .and send 
informiatton about extre:mes in temperature. 

When the thermoreceptors in your fing,ertips. detect 
'extr,em,e heat' as you touch the pot, they are act~vated to 
in1itia,t 1e a1 si9nal, called .a nerve impulse or action potent1iat 
along the length of the sensory neuron. When the nerve 

impulse g,ets to the end of the· sens.ory neuron, ~t c-auses 

chemicals cal led neurotra11smrtters to be r,eleased from the, 

sensory neuron, which float across a smaH gap towards 
neiighbourjng neurons, where the neurotransmitters 

funct~on to trigger a c,ontJnuation of the 'extreme-heat' 
nerve lmpuls,e in the next ne·urons. 

As you can see in F~giure 8.7, the neuron reeH body ris 

surrounded by branch-like structureSi cal~ed dendrites, 

where the stimiUlus, jn this case extreme heat, is. percejved; 

extending from the ceH body is the axon, which you can 
compare to an ext,ens~on cord that carnes ~e nerve impulse. 
At the, end of the axon ~s the axon terminal, which synapses, 
or .adjojns w1ith; the nejghbourin,g ne,urons, separated by the 
small! gap known as the syna ptk deft 

• figure 8.7 An iHustratjon of a 
neuron; show~ng the dendrjtes, ,ceU 
body., axon and axon termiinal 
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• Figure 8 .. 8 must rations depktirng the synapse between two neurons, w~th 
the n1eurotransmitt,ers passing from one neuron to the next, s.o that the nerve 
impuls,e ~s c.arri,ed along through the nervous system 

When the 'extreme-heat' nerve jmpulse travels across the synaptic deft iinto 

the neighbouring neurons, the messag,e oif 'extreme heat' travels continuously, 

rapidty,, autom1aticaUy, and non-stop along an of the sensory neurons in the 

peripheral nervous systen1 through your hand; up your ar1m1, and to your 
spinal cord, which is part of your central nervous system (CNS). Because, your 
spinal cord is part of your centraill nervous system1. 1it has the abjlity to command 
a1ct11on in your body, wi1thout you ha1ving to use your brain to think about or make 

a decision to do so. 

• Figure 8.9 The brain and spinal cord m1ake up the cen1irai nervous system, 
and the, nerves that extend 0 1ff of the spinal c,ord mak,e up the per1ipheral 
nervous system 
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DISCUSS 
Before we continue with what 
happens to the 'extreme-heat' 

nerve impulse, pause for a 
moment to talk with your partner 
about the shape of the neuron. 
How does the shape, or form, 

of the neuron complement its 

function? How might the job of 

sending messages throughout the 

body be different if the shape of 

neurons were different? 



In the spinal cord, the 'extr,eme-heat· 

nerve impulse trave1 Ii ng along the 

sensory neurons reaches relay 

neurons. ~elay neurons funcbon to 
relay, or pass, the nerve i m pu ise from 

• Figure 8 .,10 Relay neurons pass allonigi the m,essag1e' of the nerve tmpu~se 
between sensory and motor neurons 

the sensory neurons to the motor neurons. 

The relay neuron also acts as a translator, to iehange the 
'extrem,e-heat' messag,e from the, s.ensory neurons to a 

're~ax-forearm-and-hand-musdes· m1es5age in the 1mi0tor 

neurons. Just as the sensory neurons synapse w1ith other 
sens,ory neurons/ the motor neurons synaps,e w1ith each 
other to form a ieha~n of neurons, extendiing from 1he spinal 
cord and down along the arm and hand. The motor neurons 
a~so synapse with musde cells in your arm and hand, so 
when the Jrelax-f ore,arm-and-hand-musdes' nerve, impulse 

gets to, the end of the mo,tor neuron and travels. to the 
musde cells, the nerve impulse causes the musde cellls in 

your forearm1 .and hand to n2,aXc .and you drop the pot 

Message to brain Spinal co rd 
(C NS) 

Relay ~ ~~tf--l~ t:--f ~~==~ ~ - Sensory neuron 
neuron 

neuron 
Receptors = heat/pain 
receptors in skin 

• Figure 8.11 A nerve impulse tr,avellling al1ong the spinal 
r,eflex arc aUows us to quiddy resp,ond to a situat~on that 
may cause in jury or harm 

We can summartze thJs cha1in of events in this way: 

Sensory neuron receptors perceive stimulus. 

Stjmuius travels a long the sensory neurons ~n the nerve 

~mpulse. 

The nerve impu~se reaches the sp~nail cord. 
The nerve imputlse travels to the r,elay neurons. 

5 Re~ay neurons pass nerve impulse to motor n,euron s. 
Motor neurons carry nerve impuise to musde ,ceUs. 
M usd e eel Is (effectors) respond to, nerve impulse. 

This ,chain of events is .sjmi!ar ~n all types of r,eflex responses. 
The thj ngs 1hat change are the types of receptors ~n the 

sensory neuron, 1he neurotransmjtter that is releas,ed 

between neurons, and the type of eff,ector ceUI and effector 
response. In addjtion to thenmoreceptors, so1me other types 
of sensory neurons indude: 

photorecepto,rs, wh~ch respond to iehang,es in l1i,ght 
chemoreceptors, which respond to changes in 

chemkals. associated with odours/ tastes, and dissolved 

substances in the blood 

mechanoreceptors, which respond to changies in 
pr,essure or touch 
sonoreceptor5i, wh~ch respond to changes in sound. 

In some stiimulus,...,response systems, the stimulus comies 
fro,m your internaf body· environment instead of the external 
environm1ent. For example, your body cells need access to a 

form of sugar (glucose) ~n order to produce ,energy for them1 

(and your body) to funct~on; but ·what iif i1t has be-en a Jong 
time s1inGe you last ate and there ~snot an~ more iglucose 
readily ava,l.alblle in your bl,ood? 
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T Links to: Physics 

In this case, chemorec,eptors that are sens~tjve, to 

b~ood-sugar 1,ev,els are activated and send a nerve ~mpuise to 

your br,aint which r,eaeives tne "low bllood-sugar' messa9e. 
The brain then sends messag,es to your pancr,eas to rellease 
glucagon, ·which js a hormone, or che,mical messe·nger that 

tr,avels through your blood, and signals your liver to break 
down stored ,carbohydrates into sugar that your ceUs ,can use 

for energy. 

ACTIVITY: Making sense of it all 

ATL 

• O~ganizatio.rJskills~ Us~.apprqpriate:: strategiesJor 
.o._fganizin·g cqmpl.ex·infor.h'l~t 1o·n •'' 

. ' 

You have just read about types of sensory receptor 

cells. Use the information, your prior knowledge, and 
inferring skills to copy and complete the first table 
below. Compare your responses with those of your 
classmates and class, adding to your thoughts any new 

ideas. Part of the table has been filled in as an example. 

• Sensory receptor cells. and their locations 

Location in 
Sensory receptor the body Stimulus 

Thermorec,eptorrs 

Photot'lecep1ors 

Mechainorete ptors 

C hemo,receptors 

Sonorecep1ors 

fin9ert1ips; skin Touching something 
hot or oold 

• Figure 8 .. 12 This figure shows the ~ocation of the pancreas 
in the digestivE!' system. When the nervous system ~s, 
stimulated by low blood-sugar levels, a signal is S1ent to the 
pancr,eas so that it rel,eases ,g~ucagon, a honrnone which 
helps to make 91lucose ava~lable, ijn the blood 

Before we go on to learn about different types of 

adaptations, remind yourself of our Statement of 
Inquiry. As you continue with this chapter, it is important 

to think about the Statement of lnqu iry and look for 

situations that exemplify the big idea represented in it. 

Use the second table below to help you identify and 
organize the information from the chapter so that it 
makes a connection to the Statement of Inquiry. Part of 
the table has been tilled in for you as an exam pie and 

to get you started, but you should add your own ideas 
and examples. Start off with what you have learnt so far 

about how we respond to changes in our surroundings; 

you will be reminded to come back to this table and add 
to it as you continue with the chapter. 

Statement of Inquiry reminder: 

Organisms are more likely to survive when they are 

adapted to interact with their surroundings and respond 

to changes in their environment. 

Hot metal pot Thermoreceptoirs in hand a,re act~va1ed so that sensoiy 
neurons send s~gna1~ to .$pin,III cord. Motor neurons 
extendtng from the sp ~na I cord to your arm ain d haod 
sigrrnal the 'musdes to rclax and you drop the pot. 

If you do.n'1t drop the po1. you 
w~H burn your hand. 
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Although we have talked about 
human adaptations of response to, 
th~fr surroundings., other organisim·s., 
bigi and small., also peroeive and 
respond to chang~ngi condi1tions. 
"Ialbles 8.1 and 8.2 s.ummar~ze some 
examples of how· some diff,erent 

org1anis1ms are adapted to rece·ive 
~nfonmation from and respond to their 
environment. It is important to note 
that, even though an orgranisms are 

equipped whh mec:han~s1m1s to help 
them adjust to variable condi1tions., 
dependiing on what 'type'· of organism 

they are (such as a protist plant or 

anjmal) and thejr ~omplexity, different 

organ i·sms have diffe,rent ways of 
sens~ng and responding to1 their 

surroundings. For example, plants 
do not have a n ervou.5 system or 
neurons, but within their eel Is they 

have proteins that are stimulated or 
activated by s.tim1uli in ai way sim1ilar 
to the, way in wh~ch animals' sensory 
receptor ceUs are ,act~vated. 

ACTIVITY: Almost by magic 
Read the information in the tables. Then copy the tables and complete the 
empty sections with your partner or as a class. 

• Table 8.1 R1esponding to the environment: Animals 

Organism Stin1ul us Type of receptor 

Pranana 

Bats Echos 

8,ody heat of nearby 
an~mats 

• Table 8,.2 Responding to the environme,nt: P~.ants 

Organism Stimulus 

Pl1ants 

Chemorece-pt,ors 

S ono,recepto rs 

Thermoreceptors 

Type of receptor 

Photor,eceptor 

Pl~nts in,sects fanding on ~,eaves Mechan,orec,eptor 

Ptants Force of giravrty M e-chanoreceptors 

, () .~ • ~ - ;.--:C · .. ~ .· ~. 
/ .' '. 
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Response 

Chemorecep·tors in the front end of 
planariia are stimula1ted by different 
chemkais d~ssolvedl jn the water 
surrounding, the p[anaria. The pianart,a move 
either toward or away from the dr,ssolrved 
chemicaJs.. 

Sonoreceptors rin the bats.' ears a.re 
stirmuJ,ated by the sound waves ~n the bats' 
surroundings. l lhe bat adjusts direction ,and 
sty~e oi fty~ng1 depending on the 1intensity 
and direction of the sound waves. 

Theremoreceptors in ~he 'pjt organs' ,of 
snakes are sti m u1

~ ated by s ubtt e changes 
~n envj ronmenta~ temperature ,cauised by 
nearby an1ma~s- Snakes use this information 
t,o adjust the direction and nature ,of thek 
movements. 

Response/Growth patterns 

Phototropism: photoreceptor proteins 
rn l,eaves a1re stjmi.ilat,ed by the s,unHght. 
The p~ant releases hormones~ whkh causes 
the plant to change the di re cti1on tt iis 
growrng so 1it grows toward the tJgh1. 

Thigmotropism: 

Gr avitat ropis m: mecha!noreceptor proteins 
i1n root celrts perce~ve the d1irection of the 
force of gravity, and grow in the same 
direction; mechanorecept,oir proteins i1n 
shoots perccive the d~rection of the for;c,e of 
gra1Viity, and g:row in the opposite dtrection. 

8 How are organisms ada1pted to s.urvive? 

When this might be found in nature 

Pl:anar~a m1ov,e toward higher concenrtratrions 
O·f dissolved n utrieints in the k s urrou n dl ng 
water. 

Bats use echotocat~on to identify the size 
a n1 d lo cat i,o 11 of different objects i1n their 
surroundjngs. To do, th~s, bats produce a 
high-pitched sound wh1i~e f1lyi1ng and wait 
for the sound waves to bounce off nearby 
o,bjects a.nd return1, as a,n echoj to the bat 
Sonoreceptors send stgnaf s about the sound 
waves of the echo to the bats' brain •. whkh 
uses the signals to determine how lbmg the 
objects are, Whe,r,e they are located, and 
whether they are movring or stat,onary. 

-----------------

When this might be found in nature 

As pi.ants grow around each othe~ they 
block each other's direct exposure 10 the 
sunlight. Ptants. chan g@ th@ di rect,on and 
an g~e in which ~hey grow so they ea n get 
access to more sunHgiht. 

Why this response/ adaptation 
supports survival 

Why this response/ adaptation 
supports survival 



ACTIVITY: Seeing is believing 

organisms are constantly interacting with their 
environment, and it is possible to design and conduct 
experiments to learn more about in what ways, why 
and how they respond . Behavioural biologists study the 

ways in which animals respond to different conditions in 

their environment. Often, behavioural biologists spend 

many years 'in the field' observing their research subjects, 

such as primates or birds, in order to be able to identify 
responses and behaviours. For example, Jane Goodall 
spent decades in the rainforest observing and studying 
chimpanzees to understand more about how they are 

adapted for success in their environment. 

In contrast, other behavioural biologists set up 

experiments in the laboratory, where they carefully alter 

and control conditions to observe how the organisms, 

such as rodents or insects, respond to the changes. Plant 
biologists also ea ref ully observe how plants respond to 
different and changing stimuli in the environment, both 

in the field and in the laboratory. 

With this activity, you will have the opportunity to 
practise the research skills of a behavioural biologist by 
designing, and perhaps carrying out,, an investigation 

about behaviour. To do this, decide whether you would 

like to practise the skills of an animal behavioural 
biologist or a plant biologist, and you can choose which 
organism's responses to stimuli you would like to observe. 

For example, would you like to see how different insects 

respond to different smells or sounds? Or maybe you 

are interested to see how a plant"s roots grow in zero 

gravity? Perhaps you would like to learn if a cat depends 
more on its sense of sight or sense of smell in order to 

locate food ... 

Once you have decided the subject of your research, think 

about the type of stimuli and response you would like 

to investigate. Then, design an investigation into your 

chosen organism's response to the stimuli. Remember, 
ethical treatment of living things is part of being a 

good scientist; therefore, you must be sure to design an 

investigation that avoids any harm or damage to living 
things. You can use thQ investigation~design guidelines 
(below) in order to help you design the investigation. 

Depending on the subject of your investigation and 
the nature of your investigation, you may be able to 

actually carry out the investigation and collect your own 

data. Speak with your teacher about the possibilities of 

conducting your experiment, which could help you in 
selecting school-appropriate test subjects and materials. 

Investigation-design guide[ines 
Problem or question for investigation: 

IHypothes.is: 

Vari,abfes: 

Type of 
variable 

Independent 

Dependent 

Co·ntrolled 

M ateri a.1 s :· 

What wi II be How to 
manipulated Rationale manipulate 

List all the materials and equipment you will use. 

Materials/ Description of the 
Quantity Equipment equipment ( if necessary) 

1Me1:hod~ 

Cont ro l group: 
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Data: 

Nume11ical data': ,raw/processed data table(s) 

Visual data! graph(s) 

Conclusion: 

EXTENSION 
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Evarluation and imp,rovements: 

Li 1n itation of 
the method 

Explanation of 
I in1itation 

Suggestion for 
improvement 

Works cited or bibliography! 

+ Assessment opportunities 

Some organisms live in extreme 
conditions, and therefore have 

very unusua I adaptations to 

perceive and respond to their 

environment. Conduct an 

Internet search for examples of 

organisms, including insects, 
fish, plants, reptiles, amphibians 
or mammals, which have 
unique, specialized structures 

or sensory receptors that aid in 
their surviva I. 

Share your examples with your 
classmates - who found the most 
bi.zarre or un usua I adaptation? 

• Figure 8.'13 Thits triplewart 
sea1devjil fish has d bio~um1inescent 
lure that it uses to attract prey 
in jts habitat. it is an adaptation 
f.or s1urvival in the dark~ deep-sea 
waters wh eire ~t ~ ives 



ACTIVITY: In the field 

ATL 

• ~cr·e-~iye;thinkin·g sk'ills::Use_ bfairi~torm ing_ '3nd · . . 
· yTs,ual4f~ __ grar.ns)~ .. gen_er~te .n:eyv ·fd_~_as(~P~ _"i'nq.t;t'i°d1?s . . - . . . ' . . . . 

As we have discussed, organisms must be constantly 

interacting with various factors in their environments, 
and they have different adaptations to help them 
successfully and appropriately respond to the sti mu Ii. 

In the pictures of animals in the savannah (Figure 8.14), 

there are many different factors, or conditions, that 
affect the survival of the plants, animals and other 

organisms living there. 

First, Hst factors or conditions you see in the pictures that 
affect survival of the different organisms. For example, 
we can see a watering hole with variety of mammals, 
including giraffes and elephants, as well as different 

birds. We can also see that the ground looks hard and 

dry, with brown, barely living grass. 

Then, using your background or prior knowledge from 

things you have previously seen, learnt or researched 
about this habitat, lli:st factors or conditions that you do 
not see (but you think might also be there) that would 
also affect the survival of the organisms living there. 

For example, although you may not see any insects in 
the photo, you know that there are likely to be many 
mosquitoes on and around the animals. 

Now, compare your list with your partner. Is there 

anything you c.an add to their list? Is there anything you 

I I L 
As we know from personal 1experien ce, as w,ell as from our 

observations ~n the ~ast acttvity, some of the factors with 
whkh l·iv~ng things interact in their env~ronment ar,e ljvingl 

and some are non-l1iv1ing. The, sdentific term for the Hvtng 
factors. is biotic, whereas the non-~i~ng factors aire a biotic. 
In order to be successful in their environ1ment, the ceUu~ar 
receptors and body structures ihat organ~sms have are such 
that the organisms respond to stimuli ~n ways that make 
life-supporting substances mon:, accessible and life,..saving 
actiions more imm 1ediate. 

-- • .. -

• Figure 8~14 Anima!s ~1iving in the savannah are 
adapted to I ilfe ~n a hot, dry climate 

ea n add to your list? Work together in order to create 
one list of factors that everyone agrees on. 

Look at your group's list of the factors affecting the 

survival of the organisms in the savannah. As a group, 

decide if each factor describes something that is living 

or not living. Write the letter 'L' next to each factor you 
agree describes something living, and the letters 'NL.:' next 

to each factor you agree describes something non-living. 

ACTIVITY: It's a factor of life 

Using examples from the previous activity as well 
as what you know about other environments, such 
as beaches, rainforests, coral reefs and city parks, 
generate a list of factors that affect survival. 

Then, create a table or other organizer to categorize the 

factors as either a biotic ('non-living') and biotic ('living'). 
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• Figure 8.15 Habitats such as beaches, rainforest, cora~ 
re,efs. and dty parks all have part~cularr abiotic: and biotic 
factors to wh1ich the organi1sms li1ving there must adapt 

T Links to: lnd~viduais and Societies 

8 How are organisms ada1pted to survive? 



Use these, prob~ems to apply and extend your learnijng in 
th~s chapter. Thes,e probtems are designed so that you can 
,evaluate your ~earning: at diifferent leve~s of a,chj~vement in 
Cnitenon A: Know~edg1e and understanding1. 

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING [N CRlTERION A TO LEVEL 7- 8 

Somet~me,s, when people experience e,xtreme phys~cal 
1rauma, such as a severe injury resulting from a car 
ac.ddent, they go 1into 'shock'. WhUe they are 'in shock', 
they report feeling no pa~n and ijnteract wi1h others 
quite n,ormally. One of the reasons pe,ople ins.hock. do 

not fee~ pain is because the brajn is signalled to rei,ease, 

a group of neurotransmitters ,caH,ed endorphins. When 

en dorph iins are releas,ed, they btnd to n eu rotr ansm1itter 

r,eceptors ri ri the brain. 
Describe how the form {or structure) of neurons 
m,at,ches (or is weU-sui"ted for) therir function of 
sending ~nformatJ,on about stimuli and responses 
throughout the body. 

Expfai1n why a person who has just sev,er1ely cut his 

finger whi~e chopping wood for a fir,e mjght not 

,ev,en notice that he is serjously injured and bleeding, 
whereas a person who ,gives himiself a paper cut 
m1irght yell out, drop the paper, and shake his hand 
around fo,r reijef. 

c Sdent~sts, daim that the production ,of and effects of 
endorphins have had an evolutionary advantag,e for 

humans and have ailow,ed humans to do,mi nat,e their 
environ me11ts. 

Eva ]uate the dajm that endorphins have had 
a posi1tjve impact on hum.an adaptations and 
evolution. 

ti D 1iscuss the possibHity that ·endorphins ,can be 
a disadvantage for human survivaL 

Researchers have, found by conducting bi ood tes.ts 
and bra~n scans that prolonged exercise, such as 
participatjng in endurance sports !like long-di'Stance 
running, resu ~ts in the re,ease of endorphins. 

A friend of yours dedded to tra~n for .a half­
marathon. The other day, she told you that she is 

concerned about her training, because she has to 

wa,k after about 45 mrin utes of ru nn~ng because her 

legs f1eei too achy to· continue. She has not had any 
~njiudes, but she says she· simply feels 'sore: 

Ap,ply your sd,endfic knowled9e aind 
understanding about pain perception and 

neu~otransmitt,ers such as endorphins to des,ig n a 

sdentificallly suplPorted, healthy trajning schedul,e 
that willl aHow her to increase her running distance 

while preventing llong-term injuries. 
Marine s.hr~mp have a very poor sense of sjght They 
do not navigate through the water by visua1I st~muU; 
fnst~ad, they rely on and respond to other types of 
stimuli i:n their surroundings. 

• Fig u re 8.16 Common mar~ne shrimp in a rock pool 
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Marine shr1imp use receptor iCeUs in their antennae to 

detect sbmuli in -ti,e~r surroundjngs. As a result of the 

different stiimuU they recejve, m,adne shrimp are able to 
110,ate tiny pairtides of dissotrved food, avo~d dissdved 
subs1ainces. that ar,e toxk to the shrimp, and move ,around 
structures or other organ isms that are ~ 11 the-water. 

Explain, based on the above information, whkh 
type(s) of receptor c,eUs you would expect to find fri 
the antennae of mar1ne shdrmp, and which type{s) of 

r,eceptor cells you wou lld not expect to f,nd. 

Explain how the type(s) of receptor cells in the 
antennae of marine shrimp suppo,rt their survival. 
Based on your answ,ers to (a) and (b),, discuss,. using 
spedflc exam pies of receptor cells, why 1ma ri ne 

shrimp may have ,evolved to have more of certa~n 

types ,(or a certain type) ,of receptor ceUs and fewer of 

other types. 
Apply your knowledge and understanding of 

receptor ceUs, the perceptjon of stimu~i, and biotic 
and abriot~< factors that aff,ect survival to design an 
a plan fo,r shrimp fairmiers to det~rmine a sd,entifically 
supported and rel~abl,e means t,o raise and support 
I arger populations of ~a rgeir shid m p. 

Mosses .air,e small pl,ants that grow without flowers or 

true roots. They usuaUy grow in damp and shady areas. 

Observait~on s o,f moss 9rowin g ~ n nature and under 
laboratory conditions show that moss tends to grow in 
the dkection of light and in the opposite dfrection to, 
gravity. 

8 How are organisms ada1pted to survive? 

• Figure 8 .,17 A moss plan1 in natur,e showrng gr,owth rin 
the opposite directjon to grav~ty and toward the light. 
Experiments show that m,oss grown under laboratory 
cond,tions grows with t he sarme patterns 

Rese,arch don,e in the space, statijon laboratories. show 
that plants, such as these dee and mustaird p!,aints 
(Ardbidopsis),, t,end tn gro,w ~n a random and disordedy 
way when under 'microgravity conditiions. 

• Figure 8 .. 18 These photos show the random growth 
patterns typical of plants growing ~n m icrogr av~ty. We 
,can see that, 1n 1m1icfogravjty conditions, stems grow in 
different directions, indudjng downward toward the roots 



In 2003, scientists djscov,ered the remains of an experim,ent on moss plants 
that was started on the space shuttle Columbia befor,e it exploded in space. 
The moss pllants we,re grown ~n dark contariners on the space shuttle·. Before 
the shuttle was destroyed, the ,astronauts ,on board treaited the moss. plants 
with a chemical which stopped the grrowth of the, plants. 

When the r,emains of the shuttlle were found 1in Texas in the United States, 
som,e of the m,oss samptes had survived. The samp~es showed that the m,oss 

w1ith no, light or gravity grew in soft, strjngy, spirals. 

• Figure 8 .. 19 The soft spirals of moss ,growing 
in microgravity without hght 

Explai1n, based on the above inform,ation, the types of reGeptor proteins 
found in moss, rke, and miustard p~ants. 
Exp Iain, based on the above i nformati1on, the growth patterns that moss, 
rk~, and mustard plants e,xhi bit . 

Sdentists are not fully certain why the mosSi growing in dairkness in 

mkrogravjty display this type of spiral growth pattern. S0m1e beli,eve that 
growing in this way is a pd1mrtive and ,effident ,growth pattern, aliowjngr the 
plant to sprr,ead out and avo1id growing over itseU. 

Evaruate the above dajm and explai1n to what extent you agree or 
disagree. 
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In this chapter, we have l,eamt that all living thjngs - from the largest mammals to 

the smalllest mkro-or9anisms - are constantly interacting with thefr envi1ronment 
Lif,e depends on an organismi1s abriUty to percei1ve the surround~ng condhi1ons and 
respond approprL3tely. The·se adaptations have been shaped by natural selec:bon 
and ,evol u1ion, and a re, in part, r 1esponsib le for the 1great diversity of I ivi n g things 
that covers the plan et Earth. 

·use t his-table to reflect-on your own learning in ' t his .cha pter 

Questiions we asked Answers we found 

factual: In what ways do or,ganisms ~n1eract wi1h thei1r 
1env,ronment7 In what ways to, o:rga1n~sms respond to changes in 
their surroundings? 

Concept ua l! How does perce~v1ing and r,espondjnrg to dhang1ing 
,cond111:~r0ns of their environment contr~bute to the surv~v,all of 
,org1an is1ms li1vi ng there 7 

Debat able ,; To what extent should people use artrfkial or chemical 
me,ans to support the surv~va,~ of organ~sms when and where the 
organ i1sms are not natu ra Uy adarpte<:i to l1ive 7 

Approaches ta !earningr yoUr used in this chapter D,esciriptton - what n,ew slkritls 
d,dl you ~ear1n7 

Communication s kills 

Organization skills 

Info rmatio n literacy skills 

Tra nsfer s kills 

Creative .. thi nking skills 

Critkal-thi nking ski I Is 

Any further questions now? 

How W·elil did you master 1he 
sk~ns? 

b 
QJ 

C 
I.a. .0 

~ Cl' .-t: t: C: v -~ i... QJ 
(tl ro c.. 
~ 11... JS z CL 

Learner prof1i re attd bute(s) Reflect on the importance of be~1n,g baianced for your ~earning 
in this chapter. 

Bala nced 
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Ecosystems 

CONSIDER AND ANSWER 
THESE QUESTIONS: 

Factual: What are the 

interconnected roles and functions 

of different species that contribute 

to maintaining balance in an 

ecosystem? 

Conceptual: Ho\'V do changes or 

shifts in spedes·1 functions and 
roles, or interactions between 

species, influence the balance and 

stabmty of an ecosystem? 

Debatable: To what extent should 
people interfere with or influence 

the interactions between different 
species in an ecosystem in order 

to, try to extend and improve 

human life? 

Now share and compare your 

thoughts and ideas with your 

partner, or with the whole dass. 

• Figure 9 .. 1 Ufe depends on the interactjons betw,een all different liv~ng 
th ings, in alU different habitats, at aH different tim,es 

IN THIS CHAPTER, WE WILL ... 
F1ind out what happens to ain ecosystem when the natura~ conditions ar~ 
mod~fied. 

• Explore: 
• the ways different species interact ~n ecosys.tems around the world; 

• the interac1ions of species that make up the local ecosystem. 

Take action by ident~fy~ng, advocating for, and making a smaU change i1n 
our daily habits that wrn have a po,sitiv1e impact on a local ecosystem. 
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• Figure 9 .. 2 Organisms jn ecosystems interact in many 
different ways 

CarefuUy look at the ~i~ng things in the ecosystem that is 

pi1ctured in Figiure 9.2. What do you Notke-Thinlk-Wonder? 
Copy and fm in Table 9.1 wnh your ideas. 

Remember: anyth~ng that you see in the picture is what you 

'notice'; your ideas or possjbie explanations for what you s,ee 

are what you 'think'; and your quest~ons or things you want 

to know more about are what you 'wonder'. 

• Tabl,e 9111 Not~ce-Thiink-Wonder chart 

Notice 

commensalism 

competition 

ecosystem 

food chain/web 

Think 

habitat 

mutual ism 

parasitism 

predator type 
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Ufe is a II around us. From the biggest 

mamma!5 wa~ldng on the ground or 

swimming in the sea, to the smallest 
m i1cro-organ isms floating un n ot~cea biy 
in the air around us, we are constan~ly 
surrounded by and 1in contact with 
m.any different type5 ,of , hA ng things. 

So, how is it that .so many diff,erent 

types of ~i1V1ing things - plants, ~arge 

anima~s, ~nsects, bacteria - ar,e abl,e to 

~ive side-by-side w~thout destroy~ng 
each other? W,e all bre,athe the sa1me 
air aindl drink ~he same wat,er and have 
many other similar needs: so what is it 
about the way djfferent ljving1 things 
jnteract that aUows .an of us not on~y 
to survive, but actua Uy thrive in each 

other's pres,ence? 

In this, chapter, we wjll explore thiis 
pe-rhap s contrad ~ctory idea: that living 
things do not just 'g1et by' whUe, lliving 
among other organ~sms, but, ins.tead, 
depend on balanced 1interactions wjth 

each other in order to meet thefr needs 
for life. We win also take a !ook at 
what happens when those inter.actions 

be-come out of balance, due to either 
natural or artiifjcia~ factors. 

ACTIVITY: No 1 Paine' no gain 

In the 1960s, Robert Paine, an ecologist at the Universify of Washington 

in the United States, conducted an experiment to determine the effect of 

predators on the stability of an ecosystem. He, and other ecologists at the 
time, wondered if the removal of an important 'top' predator from an 
ecosystem would have a positive impact on the ecosystem, and resutt in 

a greater variety of species, and a healthy and stable ecosystem; or if the 
absence of the top predator would have a negative impact on the organisms, 

resulting in fewer species and an unbalanced and unhealthy ecosystem. 

• Fi 1gure 9.3 Predators. ar,e consumers that hunt, km and eat other animals as 
their source of food 

In order to answer these questions about the impact of top predators on 
the health of an ecosystem, Paine studied the species' interactions on the 
rocky shoreline of Washington. For his experiment, Paine removed the top 
predators from a portion of the rocky shoreline. The top predator that he 
removed and returned to the ocean was a type of starfish, Pisaster ochraceus, 
which preys, or feeds on, other organisms, such as snails, mussels and 
barnacles, that I ive in the ecosystem. In the area of the shoreline next to the 
removal site, he left the ecosystem in its original state as a control group, 
with the top predator starfish sti II feeding on the other species. 
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• Fi,gure 9 .. 4a Pisaste,r ochra,c;eus ~s the top predator rn 
the t~dle poolls o.f the rocky coast~ine•s where it lives 

• Figure 9 .. 4b Mussefis, snai1ls and barnad,es make up 
part of the d~et of Pisaster 
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For the next 10 years, Paine kept the experimental area 

of the ecosystem free from any Pisaster that mi grated 
there. Throughout the time of the experiment he made 
observations and collected data about the numbers and 
types of different species that lived in the experimental 

area, and compared that to his observations and data 

from the control area. His results surprised and impressed 

not only him, but many members of the scientific 

community. Indeed, his findings and conclusions about 
the role of top predators in an ecosys-tem have formed the 
foundation of ecological principles on species interactions. 

So, what is your hypothesis? Considering that a healthy 

ecosystem is one that has a diverse variety of species 
interacting, what impact do you think removing top 

predators has on an ecosystem? Will removing top 
predators help the ecosystem to be more diverse .. stable, 

and healthy, or will removing the top predators make 
the ecosystem less diverse, unbalanced, and unhealthy? 
In this activity, you will process some of Paine's data and 

present it in a graph. You will then be able to analyse the 
results to determine, as Paine did, the impact that top 

predator removal has on the ecosystem. 

• Will remov'ing top predators, help the ecosystem to be 
m,ote di1vetse, stable and healthy,, ot will removing the 
top predato:rs make the ecosystem unbailanced and 
unhealthy? What makes you say tha·t? Write your ideas 
dow·n, and share with your partner or the class. 

1• Table 9012 Average number of species per year in 
coastal ecosystems wit h Pisaster present and Wfth 
Pi.saster removed 

Year Number of species 

With Pisaster Without Pisaster 
-

1963 17.0 1,8.0 

1964 17.5 13.0 

1965 17.8 7.5 

1966 18.0 2.5 

1967 18.2 2 .5 

11968, 19.0 2.5 

1969 19.S 2.0 

1'970 19.8 2.0 

1'971 19.9 1.5 

1972 20.0 2 .0 

1'973 2.0.1 2.5 

Average 
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Use the data in Table 9.2 (page 225) to make two graphs to: 
• show the pattern in th@ !nu1m,ber of spedes fro.m 1963 to 11973 
• compare the average number of s:pecies 'in the two areas by the end of the 

experiment~ 

Here are some guidelines to help you in making your graphs. 

Before you begin, decide which type of graph you should make in order to best 

show the relat ionships in the data. 

Some questions t.o consider in deciding the type of graph are: 
• Which is the best type of graph (from Fi,g,ure 9.5} to show:· 

o a trend over time 
o a percentage or fraction of a whole and 
o an average of fin a I resu Its? 

• What does the data (Tabfe 9.2') from Paine's experiment on Pisaster show? 
There can be more than one correct answer. 
o a trend over time 
o a percentage o,r fracti·on of a whole or 
o an average of f:inal results 

• Therefore, what type of graph(s) should you create in order to: 
o show pattern in the rnumber of species fro1m: 1963 to 1973 
o comlpare the average number of spec.ies in the two areas by the end of the 

experiment? 
• What will you put on the y-axis? Remember, the y-ax,is shou Id be the 

dependent vair,iable, or the 'results' that are counted, measured, or calcul·ated 
in the experiiment. 

• What wi1II you put on the x ... axis? Remember the x ... axis ea n be the independent 
variable, or the factor the experimenter changes or manipulates; or, the 
x-axi.s can show the tjme du ring which the results are being' recorded .. 

30 28 160 • Item 1 
• 1tem l • item 2 

24 • item 2 150 • it eruJ 
,item 3 

140 
18 

1.30 
12 

120 

6 11 0 

0 0 
,tern 1 lrtem 2 Jan Feb M,ar Apr 

Bar graph Line graph Pie chart 

• Figure '9.5 Types of graphs and charts 
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After you make your graphs, answer and dis,uss these 
questions: 
• What i.s the effect of removing Pisaster from the 

rocky shorel'ine ecosystem? What data from the 
graphs supports your answer? 

• Does removing Pisaster result in more or l1e-ss species 

diversity? What data from the graphs supports your 
answer? 

• Does removing Pisaster resul1t in a more or l,ess stab le 
ecosyste!m? What data fro1m the graphs supports your 
answer? 

• What can you co nclude about t he effect of top 
predators on an ecosystem? Do they contribute to or 
take away from the diversity, stability, and hea lth of 
an ecosystem7 

• How does ·your hy1pothesis compare to the results of 
the experiment? Was you1r predictio:n and reasoning 
correct or i·1ncor,rect? Why? 

• How effective was Paine's method in determining the 
effect of removing a top predator from an ecosystem? 
1ln other words, what aspects of Paine's experiment 
made h,is resu,lts ,reliiable or 'trustworthy'? What might 
he have done di·fferentry to improve the expe-riment7 

+ i\ssessrr1ent opportunities 

In this activity we have practised the skill of 

processing data and reporting the results. We used 
a summary of Paine's data to make graphs and 
interpret the meaning of the results. We then shared 
our understanding of the results with t he class. 
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SUMMARY REFLECTION 
We have processed and analysed data from a 
foundational experiment in the field of community 

ecology. We have seen how removing a top predator 

from an ecosystem can result in an ecosystem that is 

less diverse, less stable and less healthy. 

EXTENSION 

Paine conducted his experiments many years 
ago. What have experiments shown since then? 

Is there more support for and exampleis of the 

crucial role top predators have in maintaining a 

balanced ecosystem? Perhaps you can research 
about your local ecosystem to learn if there have 

been any investigations about species interactions 
in the natural areas where you live. 

Can you find more current studies and 

information about the role of predators in 

ecosystems? Use these search terms: top predator, 
role, ecosystem . 

DISCUSS 
With your partner or the class, dis.cuss the following: 
• How do the findi1ng·s from Paine's and others' 

research compare to your predictions of the effect 
o·f top predators? 

• Why might the ·top pre-dator have such an impact 
on1 the ecosystem? Sugge,st some reasons. 

fill 



As we understand from our prior l1eaming and reading 
about Paine's experiment different species have diffen~nt 
ro,e,s or 'positions' iin an ,ecosystem. These roles or 'positions' 

a,re ~ar9ely based on thejr f,eed~ng needs and habirts. For 
example, as was mentioned in the information ,about Paine's 
1experilment, animals such as Pisasterthat prey (or hunt 
and f-.eed on) ,on o'ther an1i mals a re call 1,ed predators; the 

animals that .are eaten by the predators, such as miussels 

and barnades, are call!ed prey. In add~tionl there are oth,er 

organ~sm5 called producers, such as seaw·eed or plants, 

because they ,create {or produce) theiir ,own 'food' by 

harnessing1 ,energy from their surroundings, and are, ,eaten 
by many organisms in the ecosystem. Therefore, we can say 
that one of th,e funct~ons of prey and producers is to provide, 
a source of food aind energy in an ,ecosystem, whereas one 
of the functions of predators is to eat other organisms and 
keep their popu,ation sizes jn balance. These interact~ons of 

eating .and being eaten make up what 1is known .as. a food 
chain or food web in an ecosystem. 

Of course, this prindp~e ,of eat~ng or being1 eaten in an 

ecosystem ~snot so s~mple. Take a m1om1ent to consider 

an ,ecosystem with which you ,a1r,e f amiUar. Maybe it is a 
terrestrial (land~ ecosyst,em1 such as a deciduous for,est 
ra1i11forest or grassland; or maybe it is an aquatic (water) 
ecosystem, such as a corc1I reef, r~ver or m1arsh. Now, thjnk 

about this: do the predators only eat other animais? Or do 

they eat plants, too? Do the ani malls that are prey on ~y ,eat 

pllants? ·Or can they eat an~ma~s as w 1el,?1 In other words, can 

predators also be prey, and can prey also lbe predators? 

• Figu1re 91~6 Deciduous for1ests, tropica!I 
rai~nfor,ests,. grassllands, ieoral reefs, rivers, 
and marshes are an examp~es of e,cosystems 
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The answer to al Ii of these questions 1is both yes and no. 

Let's take a clloser look at a un~que ecosystem located in 
Y:ellowstone Nat~onal Park in the Un~ted Stat,es in order to 
see wha1 happens 1in a re.al 1ecosystem. The YeUowstone 
ecosyst,em is made up of mountains, grass~ands aind forests; 
a variety o,f large and sm.ali fauna (animals), such as deer 
mice, wolves, grizzly bears, elk and bison; various birds, 
repti,,es, amphibians. and insects; and flora (plants), such as 
pi1ne trees, aspen trees, sagebrush and many different kinds 
of grasses and wildt,owers. In the next acbvity~ you wjH read 
a Us,t of fa1cts about the eatingi habits of diff,erent sped,es 
at Yellowstone, and use this information to fiU in a saimpl,e 
food web. This actiivhy wiU help you answer the questions 
in the, prev1iou s par agr.aph, as wel I as the factua I inquiry 

question, 'What are the, interconnected roles and funct jons 

of different species that contdbut,e to, ma~nta~ning balance ijn 

an ecosystem?' 

ACTIVITY: Eat or be eaten 
(or maybe both) 

.ATL 

11 ·-otganiiation skills: Usti a·ppropfiate:·strategies for 
o_rganiz~rg ~o~p_l~-in{o~.r.n~ti~.n. 

Scientists use many different ways to organize and make 
sense of what they observe, investigate and understand. 
For exam pie, scientists identify and organize the patterns 
in which organisms interact in different ecosystems. 
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Ni 

f 

New 
Mexico 

• Figure 9 .. 7 Yelllowstone National Park ~s ~o,cated jn the 
northwest corner of the state of Wyoming in the United 
States 

One of the tools that scientists use to categorize and 

organize the interactions between organisms in an 
ecosystem is a food web. A food web refers to the 

network or c,onnections between what organisms eat 
in an ecosystem. In a food-web diagram, the producers 
(plants) and consumers (animals) are drawn or written 
in, with arrows to connect the organisms that are eaten 
with the organisms that are eating. Depending on the 
diversity of the ecosystem, a food web can be very 
simple with few connections, or very complicated with 
many connections. 
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To practise making a food web, use the facts about 
some of the organisms living in Yellowstone (below) 
and the food .. web template (Figure 9.S) to create a 
food web for the Yellowstone ecosystem. A portion of 

the food web has been done for you as an example. 
Follow the example to help you fill in the remainder of 

the food web. Remember# use arrows to connect the 
organism that is eaten to the organism that is eating 

(organism eaten ~ organism eating). 

Note that in this food web there may be some different 
ways to fill in the template as you move left to right on 

each level, but not as you move up and down between 
levels. Also, you can choose simply to write in the names 
of the organisms to fill in the food-web template, or use 

your computer to put pictures of the organisms in the 

food web. 

• Erk eat quaking aspen. 
• MEryfHes aind trout eat green algae .. 
• Bison, deer mice arnd bighorn sheep e,at grey willow. 
• Trout eat mayfl'ies . 
• Red-taHed hawks, coyotes and grizzly bears eat 

deer mice. 
• Gtizzly bears, grey wolves and coyotes eat elk. 
• Coyotes and g.rey w·olves eat bi's on. 
• G:rey wo1lves eat bighorn sheep .. 
• Grizzly bears and o,s.prey eat trout~ 
• Bald eag les eat osprey. 
• Grey wo1ves eat bald eagles .. 

EXTENSION 

ATL 

• .creative.-thinklng .. skills: .-Ap·ply ·e.xisthig kn·owledge 
.to g-a.nerate new., i"d~as . . . 

Can you construct a food web for another 

ecosystem? To begin, think of an ecosystem you 

are either fam ii iar with or interested in. It cou Id 
be a large ecosystem, such as a rainforest, or a 
small ecosystem, such as a pond or tide pool. 

Then do an Internet search for the producers, 
primary consumer5, secondary consumers and 

maybe tertiary and quaternary consumers in 
the ecosystem of your choice. For example, you 
cou Id type rainforest producers or rainforest 

Level' S 

Level 4 

Level 3 

Levell 2 

• Figure 9 .. a Food-vveb template for YeUowstone 
e,cosystem 

When you have finished your food web and c:ompared it 
with those of your classmates, make a list of the general 
patterns between organisms in the food web, using the 
heading 'Some patterns I notice a bout the interactions 
between the organisms in a food web'. 

In this activity we have used the food web as a 
model to explore and make generalizations about a 
complex system and to understand the interactions 
between organisms in an ecosystem. 

ri ma ry con um rs in your search bar. Arrange 
the organisms you learn about from your search 
in the levels as we did for th~ Yellowstone 

ecosystem, and draw in arrows to show what is 
eaten and what is eating. 

Alternatively, you can search for an already 
constructed food web for your ecosystem of 
choice by simply typing in the ecosystem followed 
by the words food web. For instance, to find 
the food web of the rainforest, you can type 
ra i nfore t food web in the search bar. 

What do you notice about the interactions 
between organisms in the ecosystem you 

researched and the Yellowstone ecosystem? 
In what ways are they similar? How do they differ? 
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FL FE E y 
Through the previ,ous act~viity" we se,e that producers (plants) 
make up the foundation of the food web. The producers 
have ,a very important ro~e in the ecosystem, because, they 
are, the ronly orga1nisms that are able to convert inorgani1c 

molecules (fro'm carbon dioxide) and l~ght energy from the 
Sun - which animals ar,e not able to use as an energy source 
- ~nto a form of ,chem,call energy- sugars -that animals 
can use for energy (Hgiu re 9. 9). The fact that pi ants have 
the abilirty to conve,rt lli1ght ene,rgy into chemical energy in 
the process of photosynthesis ~s vitail for the sur~val of aU 
organisms on the planet, because sunlight ~s the original 
source of energy for the· planet. 

Photosynthesrs 
Light 

Oxygen 

Carbon dioxi.de 

• Fi·gure 9~9 Just like the energry available in flour 1i.s not 
usable to us until we chem~callly transform it dudng 
the baking process, the energy available ~n the Sun is 
n1ot usable to us untU p~ants tr.ansform ~t duri11g the 
p hoto,syn thes~ s process 
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lnt,eresting!¥ .. in ecosystems such as those, deep below the 
surface of the ocean,. where the energy of the suni,ght 
doe,s not reach, microscopi1c organisms use a process caHed 
chemosynthesis (Figure '9.10) inste,ad of photosynthesis. 
In the process of dhemos.ynthesis, the chemiosynthetic 
m1iaobes ,convert 1norgank molecu~es and heat ener1gry from 

geothermal vents that consum1ers cannot use into forms of 
eh em ical 1energry that consumers ea n use. 

• Figure 9 .. 10 Bacted,a and other micro-organ~sms 1hat 
live in the deep sea and far away fr,om the energy 
from sunlight, use the energy from thermal vents to 
transform1 ~norg.ani1c molecul1es jnto organjc molecules. in 
the process of chemosynthesis 
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• Fig1ure 9 .. 11 Gr1een plants and a rabbit are exa1mp~es of 
producers and primary consumers 

ME E FA WEB 
The animals that ,eat p~ants are primary consumers 

(primairy means first)'. Pr1imairy consum,ers. are important to 
an ecosystem because,, by eating the producers, they help 
to ,control the population size ,of fhe producers. Th~s helps to 
ensure that the producers have suffid,ent acce·ss to sunl 1g ht 
waiter, space and other resources so they can continue to 
grow., deve,lop and reproduce. Thjs 'weeding out' that occurs 
from1 feeding aiso, ensur,es that a var1iety of produc,ers ,can live 

in an ecosystem1, not just those, that grow very tall or very 
fast. In turn! this further benefits the 1ecosystem because· 
not an pnmary consum,ers can eat the s-a1me types of plants 
(compar,e yourself to a cow- even though you can eat many 

plants, sudh as .spinadh or lettuce, if you tri1ed to eat grass, it 
woulld make you skk; ,cows, however, are happy to eat grass 
as their m 1ain source of food), so the gr,eater the variety of 
producers., the greater the, variety of primary consu m1ers.. 

Pause now and label the ,organisms jn your food web that 
are producers and primary consum·.ers. 

Animalls that eat primary consum~rs are se~onda ry 
consumers ... and the an~mals that eat secondary 

,consumers are· tertiary ,consumers (tertiary means third) .. . 

and the animals that eat tertiary consumers are quaternary 

consumers (quaternary rmeans fourth). In a simi~ar way 
to the pr~ mary consumers, the seieonda ry, tertiary and 
quaternary consumers function to ,contra~ the populations 

• Figure 9 .. 12 Salmon and a brown bear ar,e examples. of 
secondary and tertiary consumers 

of the ·Organisms they eat. Keep~ng the popullation of 
an~m.als .an appropriate size is ijmportant so that; like p~ants, 
animals have sufficient access to the food, water and space 
they need to liive and reproduce, aind that no on,e variiety 
or sped,es has an advantage. As soon as one s.pedes has 
an advantage and it is very ,easy for that spedes to survive 
and reproduce. other species are at a disadvantage and the 
ecosystem becomes less diverse and less balanced. 

Pause now and label the organ,sims in your food web that 
are secondary, tertiary and quaternary consume·rs. 

The importance of having a diverse .and balanced 
eco,system ~n order for the ,ecosystem to be healthy ha1s 

been mentioned a couplle of t~mes in 1hiis section. But why 

is ut that an ecosystem with a variety of d ifferent sp,edes 

is heal-tl1ier than an ecosystem w ith only a1 few speai,es? 
Maybe it wjH help to compare an ecosystem w ith a football 

lea9ue. In a footbaU ~eague, ther,e are teams and players 
with different skiHs, strengths and weaknesses. Altho,ugh 
there are tendencies for certain teams and players to p~ay 
bett,er or win moire than others, alll teams in the lea1gue hav,e 

a chance of winning at any part k ular match -that is why it 
is fun and ~dti ng ta play and watch. In addmtion, there a re 
ru~es and regul.at~ons to ensure that no one team or player 
has an unf.air advantage over the other teams and p~ay,ers. 

Now imag~ne the situa1tion if the p~ayers of one· team were 
given access to better equipment, better coaches, water 
dudng the matches and more t~me to rest between ga1mes, 
but the players of a II the other teams were ~ven damaged 
equipm,ent, po,or coaches.,. no water during the matches 
and little time, be1ween matches. Instead of havingi exdUng, 

comp,etitive f,ootball matahes, with members of each teaim1 

having a chance to w in, ther,e would be lbodng, predictab~e 
matches with the better-equipped tea1m winn~ng each tim1e. 
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DISCUSS 
With your partner or the class,. discuss the analogy 
of the interactions between players and teams in 
a football league with the interactions between 

organisms in an ecosystem. 

• What do the different components of' the footbaH 
league analogy re·present in an ecosystem? Some 
things to consider w hen making connections are 
the p'layers; better-equipped team;· l'ess-equipped 
teams; access to eqru.:ip1men1, coaches, water, and 
rest time; wi:nn 1ing the matches; and fans no 1:onger 
watching the matches. 

• Why is it important for an ecosystem to have a 
variety of organisms in order for the· ecosystem to 
be balanced and healthy? 

Before long, the be1t1er-equipped team would have out­
compet,ed .aH of the other teams. If that pattern continued, 
after a1 while, the fans of the less-equipped tea1ms would get 
tir1ed of seeingr the~r teams lose ... they would stop watching 
on telev~s~on and stop payingi to ,go to the matches. And, 

if there 1is no money, there is no more footbaH league. If 
there is on~y one team that could win, it l,eads to a lack of 

diversi1ty; and a lack of balance that eventuaUy mak,es the 
whoJe system col l,apse. 

As we can see ~n the food web, som,e consumers ea1t only 
plants; thes,e types of consumers are known as herbivores 
(herb= plant, and -~vo,re = eater). Other consumers eat 

animals as weU as plants, and are known as omnivores 

(01mini == allli and -~vore = eater). Consum1ers that eat only 
animals are known as carnivores (earn= m,eat or flesh, and 

-ivore = e·aiter). Remember, animais, 1hat ,eat other ani1mals 
can al so be called pred at,ors; the predator(s) that are ,a1t the 
top of the food w ,eb are a1lso known as top predators. 

Pause now and label the organisms fri your food web that 
are herbivores, omnivores, and carnivores. Also labe1 the 
top predator. 

The djffer1ent levels ,on the1 food web are caUed trophic 

(meaning feeding or nutrition) levels. Producers (plants) 
make up trophk level 1, and anima~s make up aU of the 
other trophic leve~s, startin,g with trophk level 2. Some more 
simple e,c:osystems might have on~ three trophic ~eveis, 

whereas. other, more divers"e or corn plex ecosystems, ~uch 
as the Yellowstone ecosystem, can have f:our or five trophic 
llev@ls. NotJice that trophic l,evei 2 can be ,composed 1of 

herbivores or omn~vores, and troph~c levels 3 and lh~gher can 
be composed of omnivores or -carnivor,es. 
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• Figure 9~'13 Examp,es of herbivores, omnivores and 
carnivores 

Pause now and label the trophic levels on the YeU,owstone 
ecosystem food web. 

At this po~nt, you m~ght be wondering, who eats the top 

predators? Orr what happens to the anim1alls and plants 
that di.e .and but are not eaten? We kn ow that the world js 
not fril 1ed with top pr,edators llike grey wo~ves and lions and 

Pisaster, and we a1lso, know that the once an an~mal or plant 
di1es, It does not s1ay there forev1er. So why is thirs7 

It turns out there are (often "invisiible') memb2rs of the food 
web that hold a very ~important j,ob. Just as consum,ers 
have the, 1important job of keepingr the numbers of !living 
plants and ani1mals under control by feeding on them1, 
another cat,egory of organi·sms, called decomp,osers, have 

the cruc~al rolle of t<eepijng the number of dead plants and 
animals under co1ntro~ by breakjng down dead or9an~smls. 

ill 



• Figure 9~14 Mushroom1S; moulds and bacteria arre au 
examplles o,f decormpo,sers lknown as saprotrophs 

The most ~mportant m,embers of the decomposers ar,e 

fungi (such as mould and mushrooms) and bacteria; these 

or,ganisms are known as sa protrophsi and they break down 
dead plant and an1marl tlssue through the process of chemkal 
diigestion. Though these, tiny organisms do not 'eat' the dead 
piants and animals for ener,gy as anima~s do, they are abie 
to use the products. of chemical diges1~on as nutr11ent5, to 
perform their llne iiunctjons. We often cannot see saprotrophs, 

but these microscop~c members of every ecosystem work 
busilly to break down the remnants of p ~ants and ani m1als. 

The m,ore, 'visib~,e' members, of the deco:mposers are the 
detritivores, sudh as worm1s and maggots, and the 
scavengers, ,such as vultures and hyenas. UnUke saprotrophs, 
detrirtivores and scavengers are animalls, and they e,c1t dead 

plants or the remnants and leftOJ,ers of animals that died by 
natural causes or that were hunted by predators. S1imilar to 
the saprotrophs, the detritivores and scavengers help to keep 
theJ r ecosystems free, of dead plant and animal tkSsu e,. 

• Figure 9.·15 W,orms and m,agg,ots are, exampl,es of the 
dlecomposeirs lkn1own as, detr~t11vores 
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ACTIVITY: A web of information 

ATL 

• .· Cr~~~-i:vf'."tbink1ng. skiUs: 'Pr~-ct~~,y~s'.ih"le·.t't,--i .nkin·g 
'Strat~gfes·: a'hd techhiq.ues .. . . . ... . . . 

• Qtg~6-~z.atio11 ~~iHs: . Ps~-- ~i~>'prqpri~~~fs1:,rategi·e~'-f9f 
organizing complex information 

In this section, we have learnt a lot about the organisms 

that make up an ecosystem, and the roles that these 
organisms have in order to keep the ecosystem in balance. 

Q 

Whenever we are exposed to a lot of information and 

new words, it can be challenging to make connections 

between or remember the important concepts. In order 

to help in this process, it can be helpful to use a thinking 
routine designed to help you generate, sort, connect and 
elaborate on the big ideas. 

Figure 9.16 shows the steps for you to do on your own or 
with a partner and then share with the class. 

• F'i,gure 9 .. 16 Think~n9 routine - Gener.ate,, Sort, Connect, E~aborate 
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CHET ATING 
W,e have I earnt about the roles and functions different 
sped,es have within an ecosystem1. W,e know that 
ec,osystemis are made up of different 'eaiters' whkh, through 
thefr feeding1 habits, help to keep the popu~ations, of the 
or,gan ismtS they eat under control These int,eractions a1re 

natural and uncontro,llable; the -organ~sms are programm,ed 

by their DNA to interact with ,other org1anisms in a certain 

way. These organisms do not choose what to eat in the 
way that we do. (Elk don't thiink, ~Hmmm. What do I want 
for breakfast today? Heyl I think som,e aspen sapljng ,eaves 
would be a good treat.') Instead, it is a natural 1instinct 
w~thin the animat coupled with its physkall character~stics, 
that d nve what and how they eat. 

These pictures. show some examples ,of jnteractions in 

ecosyst,em1s that are driven by the natural instinct and 

need for food. Make some notes on the interactions you 
notke between the nam,ed organisms. ~ou wUII use your 
notes to cons1roct a table to summarjze different types of 
interactions between spedes. 

In fjgur,e 9.17al the elk is eating the aspen tree sapl1ings: 

fn other words, the asp,en sapljngs ar,e the food source for 

elk. (Look back at the previous se-c1Jio,n to see where the elk 

and aspen are in the food web.) Elk a re herbivores, so this 
rnteracUon js caHed herbivory. Sjmj~any, tn Figiure '9.17b, we 
,can see the grey wo~'ves are huntingi the e~k; we can irnfer 
tha1t the woives wiiU k1iU and th~in eat the elk.. (Look back at 
the prev,aus sect~on to see where the grey wotves and elk 

ar,e ,n the food web.) Grey wo~es are predators, so this 

interaction is called predation. 

Until this point, the, interactions we have fooused on harve 

au been about food. But ~s everythjng about eatiing? Does 
everyth~ng jn ,an ecosystem come down to kiU ,or be killied? 

• fjgure 9.17a Elk eating leaves from an aspen tree sapl~ngi 

• Figure 9~17b WofrV,es hunt1ing for and preying upon an elk 

Are there1 any exam pies of 'I'! I scr aitch your back if you 
scratch mine' in an ,ecosystem? Do animais ev,er help each 
other out, or ~s ~t each one for ~tseif? 

In the next activity, you look ag1a1in at dif ferent spedes in the 

YeUow:Sitone ecosystem, and read about the d~fferent ways 
in which these spedes interact. You wHII use that ~nformation 

to identify trends in the ijnterac1lions to determine which 

species benefit from the interactions, and which spec~es are· 
at a disadvantage. 
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ACTIVITY: Enemies, friends and 
strangers 

For each of the "snapshots' of species interactions, 
observe the organisms carefully and read the 
information. Then, use your observations and the 
written information to fil I in the table of interactions. 

Dichanthelium lanuginosum or 'panic grass' 

Cotonised 

Non-colonised 

Dicha:n thelium 
lanuginosum 

, 
" 

Cwvolaria the rma1I 
tol,erance virus 

" ,, ""C uwularia · 
protube!! ~ . _--.. --~ .... ---""'-- .. 

ss 0c 

• Fi1gure 9 .. 18 Panic grass 
. ,. . . 

Dichanthelium lanuginosumr or 'panic grass, 1s a unique 

plant because it is able to grow in soil temperatures that 
are much higher than those in which most other plants 
can grow. In fact, because Yellowstone has geothermal 
(thermal= hot) soils, the soil temperature where panic 
grass grows is consistently above 50 °C. Panic grass is 
able to grow in these extreme temperatures because 
of a fungus, Curvularia protuberata, which lives on the 
grass1s roots and helps the grass get access to more 
water. Curvularia protuberata is a fungus that needs 
plants as a source of food. In add it ion, a virus called 
Curvularia thermal tolerance virus, which is naturally 
adapted to survive in very hot conditions, lives in and 
depends on the fungus for a place to live and means to 
reproduce. In exchange for living and reproducing in the 
fungus, the virus is able to ' pass on' its ability to survive 

in extreme heat. As a result, the fungus is able to survive 
in the e.x.treme heat and the panic grass can tolerate life 
in the hot soil. 
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Organism 

Dichan thelium, 
Januginosvm 
(pank grass) 

Curvularia· 
protuberata 
(fungus) 

Curvularia 
therma, 
to !er ance virus 

Catbirds 

Does the relationship 
have a positive (+), 
negative (- ) or neutra I (N) 
effect on the organism? 

• Figure 9~ 19 ( a,tbird 1eggs 

What 
makes 
you say 
that? 

Catbirds a re songbirds that make their nests and lay 
their eggs in trees or shrubs that are covered in many 
branches and leaves. In Yellowstone .. catbirds nest in 
willow trees, which provide the catbirds with protection 
and 'camouf I age' for their eggs and offspring. Catbirds 

do not eat the willow trees; they just build their nests 
there and eat berries from trees and bushes that grow 
near the willow trees. 

wmow tree 

> 

f!il 



Sarcoptes scabiei 

• Figure 9.20 Wollf w jth mange 

In the Yellowstone ecosystem, wolves and coyotes get a skin infection 

called mange from a mite (small insect) called Sarcoptes scabiei. The mites 

dig down into the skin cells of the coyotes and wolves, causing them to 
have itchyt allergic reactions. The coyotes and wolves bite and chew their 
own skin, causing them to bleed and to be more sensitive to other types 
of infections. The mites use the coyotes and wolves for a place to live, 
reproduce, and have access to nutrients; in the process, the mites cause the 
coyotes and wolves to get sick, weak and sometimes even die. 

Organism 

·wolves and 
coyotes 

Sarcoptes 
scabiei (m~1e) 

Does the relationship have 
a positive (+),, negative (-) 
or neutral (N) effect on the 
organism? 

What makes you 
say that? 
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YM I TIC E TIONSHIPS 
Through the prevjous actjv1i1y, we can see that 1in add~Uon 
to just eatjng other o,rganism.s for food, lwiing things r,equire 
d~fferent types of interactions with other Uvinig thingrs ,n 
order to survive. Symbiosis Uterally means living together, 

aind 1it is the s,c~entific word to r,efer to the fact that d~fferent 

species do not live separately or independently from 

one another, but, instead, have many d~fferent types of 
interactions with other sped,es throughout their liv,es. 

As we have seen from the prev1ious activuty; these symbiotic 
re~ ati,onshi ps ea n be harmfu ~ or helpfu~, or somewhere 
in between. Table 9.3 summar1izes the different types, o,f 

symibiotk r1elc1tionships between ~iving things: use· the 
descriptions and y,our notes from the activity to c.o,py and 

complete the ~Example' column. 

• Ta ble 9.3 Sum1mary table of symbiotic r,elationsh1ps 

Copy and co1mpiet,e Table 9.4 by using smiley and sad faces 

to represent the situatj on tor the different spedes in each of 

the symbiotic relationships. 

• Table 9.4 Visual summary of sym1biot~c rel.ationships 

Paras~t;sm 

CommenSca lism 

Miutuahsm 

111 addition to symbiotic and f,eed,ng relationships, there 
are other types ,of natural ~ntera,cdons between species, 
whkh we can SM in Fi1g1ur~ 9.21a and Figiure 9.21b over1leaf. 
Look carefuUy at the pktures. What do you notk,e about 
the ijnteractjons between the named s.pec:ies?1 Why do 
the species ~nteract in these· ways? What are the results 

of the inter.act~ons? Do any of tile spedes benefit fro1m 

the interactjons? Are· .any of ~he species harmed from 
the 1i nter actijons? 

Parasi1tism, The parasite depends on the host in 
order to su irvi,ve. Wrthout the host, the 
paras.rte ca,nnot Uv,e,. The pairasjte uses 
the host a5 a, source of food ,or shelter. 
The pa,iras~te harms, weakens and 
somet~imes knis the host a,s a, 1resul1t ,of 
their i1nteractions. 

+ effect f,o,r one m,ember~ Para:s~te{s): 

- ,effect for the other 

Commensalism One organism u5es. ano1her organism to 
he·lp 1in ~ts su1rvjval. but has no nega11ive 
effect on 1:he other individual. In other 
words, ~he i nt1er acti,on benefits. ,one 
organism wh~le do~ngi neither harm nor 
good to the o1her organism. 

Mutuaiism AU the 1n1teractiing organisms depend 
on and ibenef1it from1 ,each other. No 
i ndhn du all ~n the re,atjonsh ip can su rv~ve 
without the other, but no i,ndw~dual ~s 
do~ng harm to the others. 
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member(s.) 
Host(s),: 

+ effect for one m,ember~ Benefited organ1sm(s): 

no effect on the other 
member ·(s) 

Una,ffectedl organi.sm(s): 

+ effect for both/all Benefrted organ~sm(s): 
members 

ill 



In Fig ur,e 9. 21 a, we see the grey wo,tves are fighting each 

other. It is not dear why they are f1ightiing, but in ecosyste,ms 
where f,ood, water, territory and poss,b!e mates are ~im~ted, 
rrt ~s neces.sary for members of the same spedes to f~ght for 

their share·. In fact, if the resources are v,ery Hm~tedl or there 
are very few possible mates in an ecosyst,em1, the '~osing' 
ind~v~dual might die from Jack of- resources or be k1Ued while 
fighting for a mate. This type of fighting between indiv~dua~s 

jn the same species is called intraspecific ,competition, or 

compefrtiion within one· species. 

In addi1b,on to ind,viduals w1ithin the sam,e sped,es fighting for 
lljmited r,esources, we can see in FJ,gure 9.21 lb that indhAduaiis 
fro,m different spedes can fjght for food, water and terri1tory, 
or to protect their young from predators. Here, the brown 

bear ~s threatening the grey wolf. Again., we canno1 see why 
the bear i-s ag1gr,essive toward the wolf, but be-cause the 

bear and woU ar,e of di1fferent spedes, we call this type of 

interaction i nterspecif ic corn petition. 

All of the, pi,ctures 11n this s,ection sho,w that some individuals 
and spedes can have a pow,erful influence on the survJval of 
not on lry ofher i ndiv~dua~ organijs-m s, but also, on whole .species. 
LetJs us,e Table 9.5 to help organize and summarize the 
different types of species interactions we have ~earnt ,about. 

• Tab1e 9~5 Tab!e of observations of species interacbons 

Paink grass, Curvularia protuberata, and 
Cu,vularia thermal tolerance virus 

Catbirds and wl lllow trees 

Sarcoptes scabiei and ,grey wolves 

Elk and aspen tree saplings 

Elk and g1rey wo~ves 

Grey wo1ves 

Brown bear and grey wolves 

• Figure 9~.21a Gr,ey wollves confrontingi each other 

• Figure 9~21b Brown bear Gonfronting a grey wolf 

TO ECIE 
At this, point, let's 90 back to our conceptual inquiry quesdon, 
'How do, changes or shifts in spedes1 functions and roles, 
or jnteractions. between spedes, influene:e the balance and 
stab~lity of an ,ecosystem?' and P.aine'.s experjments and daims 

about the role of a top predator in m,a~ntai n ing the stabi ljty of 

an ecosystem. We saw from proGessingi and giraphing Parne's 
data that r,emo,ving the top pr,edator, Pisaister, fro'm the rocky 
shoreUne ecosystem resulted in an unbalanced ecosystem 
with l1ess spedes d~ersity. But why did that happen7 Lefs first 
take a look at the interactions ,of some of the organisms in a 
healthy, balanced rocky shorel1ine ecosystem (Fig1ure 9.22}. 

Biology for the I B MYP 4& 5: by Concept 



Snails, musselsl 
and barnacles 
have enough 

food to 
reproduce and 

their population 
sizes increase. 

There is enough 
algae and 

phytoplankton 
to feed more 

:snails, mussels, 
and barnacles. 

Pisaster eats snails, 
mussels, and 
bamades. 

When p;5aster are 
present in the rocky 
shoreline ecosystem, 

there is a balanced cycle 
of eating and 

reproducing_ and a 
variety of species interact 
and support each other's 

survival needs. 

Algae and 
phytoplankton a.re 
able to grow and 

reproduce. 

Population of 
~nails, mussels, 
and barnacles 

requces. 

There are fewer 
snails, mussels, 
and barnacles 

feeding on 
plgae and 

Rh ytoplan kton. 

• Figur·e 9.,22 Interactions ~n a healthy rocky shoreline 
eco,syste1m 

• Table 9 .. 6 Summary tab~e of or,g1a11isms in a rocky 
shore~ine ecosystem 

Trophic 
level(s) 

1 

2 

2- 3 

3-4 

Green allgae 

Phytop~ankton 

Barnades 

Muss,e1s 

Sna~~s 

Piiaster 

Producers NI A - ma1kes, 
own food 

P-n ma ry consumers: Herbwores; 
detn1ivore5 

Pd 111a ry- s ec.on dary Omnivores 
consumers 

.Se con dary-tertiiary Carnivores 
consumers 

So, what happ,ens if Pisaster is removed, as Paine did in his 
expenment7 F~gure 9.23 demonstrates the outcomes over 
time when Pisaster iis removed. 

But what if Paine had removed another spedes from 

the ecosystem? What would happen then? Would the 

ecosystem1 still be 1in balance? ·rake a look at F~gure 9.24 "to 
see 1Jhe effect on the ecosystem i1f' Paine had re1moved s.nails 
~ns1eadl of Pisaster. 
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Snarls1 mussels, 
and b.arnades 
do not h21ve 

:inouQh food to 
reproduce and 

their population 
size dicreases. 

There 1~ not 
enough algae, 

and 
phytoplankton 
to feed more 

snail,, mussels, 
and barnacles, 

Algae and 
ph)'.toplankton are 

elfminatea from 
t he ecosystem. 

Snails, mussels, 
and barnacles are 
eliminated from 
the ecosystem. 

When Pisaster a re not 
present in the rocky 
shoreline ecosystem1 

there is a no cycle of 
eating and reproducing 

and species are 
eliminated from the 

ecosys tern . 

Algae and 
phytoplankton are 
not able to grow. 

Population of 
sn~ils, mussels, 
and barnad es 

1ncrea~es. 

There -are more 
snails, mussels, 
and barnacles 
leeding on 
a1gae and 

phytoplankton. 

• Fig,ure 9~23 lntera,ctions ~n the rocky shoreUne 
ecosystem aifter re1moviing Pisaster 

Mussels and 
barnacles have 
enough food to 
r@produce and 
i·ncrease their 

population size. 

There is enough 
algae and 

phytoplankton 
to feed more 
mussels and 
barnacles. 

Pisaster eats snails, 
mussels, and 

barnacles. 

If snails are removed 
from the rac~y shoreline 
ecosystem, the cycle of 
eating and reproducing 
continues, and a variety 
of species continues to 
inuract and support 
each other1s survival 

needs. 

Algae and 
phytoplankton are 

able to grow. 

I Remove snails I 

Population of 
mussels and 
barnacles 
reduces. 

The re a re fevver 
mussels and 

barnacles 
feeding on 
.a lgae and 

phytop I an kto n. 

• Figure 9~.24 Interactions. jn the rocky shoreline 
ecosyste,m afte,r removing snaBs 

fill 



As w,e can see, rem1oving snails does not G3use the ba~ance 
of the ecosystem1 to be disrupted. Try it on your own, and 
you will find that the removall of .any i0ne other spedes 

wm not cause the ecosystem to coUaipse in the way that 
r,ermovingi Pisaster does. 

Paine caHed species !like Pisaster - sp1edes on wh~ch the 
health, bal.ance and dwersity of an ecosystem1 dep,ends.­
keystone species, because the 'keystone' is the stone ~n 

a stone .arch that holds the arch together. 

Each ecosystem has jts own keystone· spedes: a species,, 
often but not always a top predator, that i.s necessary 
in order to maintaiin a healthy ba~ance of sp,edes and 
interactions. Beaiv,ers are the keyston,e spedes ~n a wetland 
,ecosyst,em; prairie dog:s are· the keystone sp,edes in a 

grassland ecosystem; and grey wolves are the keystone 
species. 1i n the Yellowstone ecosystem. 

Ther,e are many factors that may cause a disruption to the 
natural balancie and interactions betw,een organisms in an 

ecosystem. Pajne and hjs scientific reseairrd1 demonstrate one 
example of how an ecosyst1em can be dl,srupted due to the 
death or removal! of ·some organiS1ms from1 the ecosystem. 

• 

• Figure 9 .. 25 In archite-ctur,e, the keystone (shown in 
white) 1is necessary to maintain the integrirty and shape, 
of an .arch 

Some other h jstork aind current examples. are: 

• powerful s,t,orms, such as tornadoe.s, hurr1icanes or 
monsoons 

• the overhuntjng1 of anim,ais, such as bison or raaoons, 
for food or fur 

the kming of predators, such as beari lions and wollves, 

that are considered dangerous to hum.an settlements 
• g1eo~,09ical ,eventsr such .as earthquakes, vokainic 

erru ption s and tsunamis 
the accidental poisoning1 ,of pllants and animais due to 

iehernkals from farm~ng and industry. 

As we can see, so,me of these factors arre natur.at and 

uncont roHable, while others resullt from human deds~ons 

and actj·Ons. With your partner or the whole dass, sort the 

factors into natural or human-initi.at,ed factors, and add 
some of your own ideas; then, write your thoughts for why 
the d~sruption could have negative <Consequences on the 
balance of the ecosystem1. Finally, offer some suggestions to 

lessen the damage to the ecosystem's balanc,e. 

• Table 9.7 Tab~e of factors that affect the inte·ractions and balance of ecosystems 

Powerluill storms 

Kil ~i ng predators 

Geo!,ogka~ events. 

Acddenta~ 1po1son~ngi 
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HUM I TS 
The State,ment of Inquiry says 'ecosyste,ms can be, rin balance 
when the s.ped,es shariing their habitat have iinterconnected 
functions and ro~es'. So irt ~s i mportaint to reflect and discuss 
the role of humans in the inter,actions lbetw,een ,organisms 
aind the ba~ ance of ecosyste,m s. 

As human terr~tory and influenc,e expand around the world, 

humans have taken seveira~ steps that have interfered with 

,or influenced the interact~ons between different spedes. 
For example, we have introduced domesticated anirma~s 

~nto ,ecosystems wher,e such animals wer,e pr,ev~ously 
unknown. 10ne ex,ample of where thij,s has happen,ed 
is on the Gc=1 i~ pagos 1,slands., off the coast of Ecuado,r. 

The ~so,lated ~slands have a un~que and deHcate ecosystem. 
The introduction of goats and dogs had a profound effect 
on the balance of food suppfiy for the native, animals. This 

is because a new he,rbw,ore (goats), and carnivore (dogs) 
suddenfy entered into the, food web. 

We can al·so cons~der farming as another way in whkh 
humans influenc~ interact1ions betwe~n animalls for humian 
benef~t. For example, humans manipulate the reproduction 
of cows, c:hkkens, pigs and fish in order to meet the demand 

for meat products. In addit1ion, some farmers use peshddes 
in order to poison or kiil ll the insects o-r other 'pests.', such as 
mice or insects, that feed on and damage their crops. 

• Figure 91126a An airman from the US arm1y stationed in 
the Galapa90is, Islands during WWU feedjng his goat 
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Other orgain~sms in the food w,eb may then eat these 
poisoned insects or rodents, and the toxins are pass,ed 
along, ,cauSiing dea1hs higher up 1he· trophic leve·is. Farmers 
say they do th~s in order to produce more crops and to ke,ep 
suppUes up and prices down. 

• fjguire 9~26b Today, nerdrs of feral {wUd, non-native) 9oats 
roam the ,Gaiapagos lsJands; competing wjth the nabv,e 
spedes, such as th~s tortoise; for terrhory, water and food 

• Figure 9~.27 farmer rin fun protect ~ve gear spraying 
pestidde 

fill 



• Figure 9.28 orga1nisms at different trophic levels in a 
food web, such as these baby sallmon and bees., ar,e 
affected by the use of pestkides and other chem iieals 
that fa1rmers use to m,ainipulate the growth of their crops 

DI SCUSS 
Using these examples, as well as those mentioned in 

the previous section, such as hunting, discuss with 
your partner and class your opinion in response to the 
debatable question: To what extent should_people 
interfere with or influence the interactions between 

different species in an ecosystem in order to try to 
extend and improve human life? Remember to use 

scientific explanations about the interactions of living 

things in order to support your point of view. 

In this chapter, we have explored how organisms 
interact with each other in order to establish a 
balanced ecosystem. How do these interactions in 
nature compare with what we as humans do in our 
day-to-day lives in order to interact and find balance 
with each other and in our roles? 
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ME U M TI E PRO L M 
T 
Use these problems to apply and extend y,our learning in 
this chapter. These problems are desi,gned so that you can 
evaluaite your ~earn~ng a1t differ,ent levels of achievement ~n 

Criterion A : Knowlledge and understanding. 

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A TO LEVEL 7- 8 

1 In the United States, ther,e is debate about whether grey 
w,olves should be on the Ust o,f endang;ered spedes. 
If unlisted, in some states peoplle could legaUy shoot and 
kill wolves in .an unrestriicted way. Some environmenta~ 

groups have issue with this, and wou~d like to see the 

grey wolf continue to be !listed as an endangered spedes 

so that 1t is not legal to kiU them. 

a Grey wolves ar,e top predators, 1n their ee:osystem. 
Explaliin1 using examples, the role that top predators 
have in ma~ntaining a balanGed ecosyste1m. 

One of the daim1s of thnse who would like to keep 
grey wotrves de-listed is that there is a l,arge enough 
populatton1 ,of wolves, and that some wolves a re entering1 

1into human-populated areas. There are, also daims t hat 
wolves are -threatening the populatjon of b~ig game, such 

as elk and therefor,e the wolf population needs to be 

controlled by hunting. 
b Us,e your kneiw1edge and understanding of specje,s 

inter.actions 1n order to evaJuate the dairms of thorse 
who wo,u~d Ii ke to rem,ove, ,grey wolives from the I ist 

of endangered sp,ectes. 

c Dis,cuss the str,engths and lim1itations of both 

removing grey ·wolves from the endangered sped,es 
list and ~e,eping them on. 

d Apply your knowledge and understanding of 1he 
rolle of top predlat,ors in an 1ecosystem1 to des·ig:n ai 

plain to mana1ge and monjtor grey wolf populations 
and ihe ,effects of redud ng wo1f popu ~ation s through 

hunting. 

[ 9 How do spedes ~nteract7 

2 W,e often thjnk of 'ecosystems' as bei1ng larg,e ar,eas of 

land or water,. where diff,erent plants and animals hve 

and i1nteract. However, ecosyste,mis can be small and 
dosed, wher:e there, are only a few types of organisms 
interacting in specific and spedahzed ways. In these, 
spedalizedl e,cosystems, the ~interactions and balance 
between the orgainis.ms are strn essenbal to maintain a1 

healthy state. 
One, of these spedal ized ecosystems is in the 

digestive tract of humans. In fact the intestines of 
hum.ans are fillled with different bacte,ria that thri,ve with 
the res,ources and ,conditions o,f their intestinal hab~tat. 

We often ref,er to these bacteria as 'probiotic 
bacteria(. This is because 'pro1 means 'good' or 'in 

favour,' and these bacteda that inhabit our intestines 

are good for us.. We depend on them to ma Ike nutdents 

ava~lable for our cells by breaking down foods, such 
as fruits and vegetables, tor w hrich our bodjes do no1 

pr,od u ce d~ge,s tive enzymes. Without these probioti c 
bacter1la, rmuch of the nutrients 1n p~ant-based food 
wou~d be unusable to us, and would qukkJy pass out of 
our bodies in diarrhoea. The probiotk bacteria1 depend 

on us for a1 hv~ng spac,e (our intestjnes) and an energy 

source (the undigested food partjdes that make it to our 

intestines). 

People somet~mes try to strengthen th~s balance 

of probiotic bacteria ~n our intes.t1ines by consum~ng 

'problotics'. They do this by e,aUngi ferrmented foods, 
such as yogiurt, lkefir, sauerkr.aut .and kimcht which are 
ridh in probjoti1c bact1eria, or by takring1 probiotic pilJs. 

Other people a~so try to increas,e "their consumption of 

th,e types. of foods, k11 own as 'prebiotics', which ar,e not 

,easi fy digestible by humans, such as whole grains, on ~ons. 

and bananas, but which are a good source of nutri1ents 

for probiotiie bacteria. 
a Ex p,1,a in the type· of symbiotic relatJonshi p that 

peopl,e have witth the probiotJc bacter~a ltving in our 
intestines. 

fi~I 



We afso depend on probi otic bacte·ria because they 
help to prevent pathogen~c (disease-,causing) bacteria 
firorm e,sta bi 1shi n g coilon ies 1i 11 our dijgiestive, tract. 

Be,cause there are so many pir,obiotic ba,cterra liv1ing in 
our intestines, his drfficuh for the pathogienk bacteria 
to have access to the living space and food sources 
ne·ce.s..sa ry to take up residence. 
b Explain the type ,of interactlion that the probi,otic 

bacter~a have with pathogenic bacteriia that enter our 
intestines. 

Som,e,tjm,es when pathogenic bacter~a do enter ,our 
di1g1estive syste·ms, they either outnumber or aire strongier 
than the prob1ioti1c bactena that are Uving there, .and the 
pathogen~c bacteria ,gain a.ccess to resources and begin 
to reproduce and km or damage our jntesti1nal or other 

body ce·llls. When this happens, the p.athogienic bacterja 
are abie to use our body to the~r benef~t and we becom,e 
5'Ck. 
c Explain the type of r,elationsh1ip tha,t people have 

with the pathogenk bacteria Hv~ng ~n our intestines. 

lmagjne a ftd,end of yours is going on vacation to a 

country that does not have a very ,good syste,m of water 
purificat~on. She is concerned that she wiU get skk 
whi~e she ~s ther1e. She is cons1deriing taking antibiotics 

(bacteria-killling medlidne) ais. a precaution. She has .also 
read about probjot~c and prebiotk foods, and its thinking 
about consuming these to pr,otect hers,elf. 

d Discuss, using your scientific knowledge and 

understanding of relationsh ~ps and interactions 
between origanisms in their ecosystem, the benefits 
or lim1i1a1ions of taking antibiotics or consum~ng 

prob~ot~cs and prebiotics as a means of protecting 
oneself from future i H nies s. 

e Apply your knowledge and understanding of 
rela1ti1onsh~ps and jnteract~ons between oirgainisms in 
their ,ecosystem to des1ig,n a sdentific:ai~y suppo,rted 
approach for your fr1,end to try and maintain a 
heatthy digestive system1 whil1e on holiday. 
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R 
In this chapter, we have se·en that aU organisms depend on other organisms in 
order to survive. In a healthy eco1ystem, there is ai cyde of interactions that results 
iin shifts aind adjustments that a1Ho,w the 1ec,osystem to stay in balance. Uke a1 

person wa1lking on ai tightrope·, constantly malldng small! adjustments 1in positi,on to 
stay balanced, the interactions between 5pecies in an ecosystem are never statJic; 

they· are constantly changing and adjusting to support the needs of an that make, 
a positive conodbutron. 

~~11~ 1 ffiml :,rn«:J:.fJ_tJ i [qi{B'"•li~,,.111n:}T;~.~lfr~1 it n 1111; tififfl' ~ • l l ;Ji! 

Qu,est~ons we asked Answers we found 

IF a ctu a I : What are the l nte,rcon nected ro ~es a1n d fu nct~o,ns ,of 
di1fferrent spedes that contribute to ma1initain1ng ba~anc,e iin a,n 
ecosystem? 

Conceptua I: How do changes or shifts 1n spedes· funct~orns and 
roles, ,or ~nteracti,ons between sped,es, 1influen ce the ba~ance and 
stabilmty of an ecosystem1? 

Debatable: To wha1t extent shoLdd peoplle rinterfere wirth or 
influence the interact~ons between different spedes. ~nan 
ecosystem in order to try to ext,end and improve hum,an life,? 

Approaches to iearning y,ou used irn th~s chapter Descript~on - what new skiiUs 
did you jea rrn? 

Refl ective s kill s 

II nf o rm at i,o n Ii te racy ski II s 

Creative-thinking skills 

Organizatio n skills 

Communicat ion skil Is 

Tra nsfer skil Is 

IJ 
Any further questi,ons nOViJ? 

How weU d~d you master the 
skiUs? 

.... 
~ 
C: 

~ 
0 

GJ ·,.::; t u C . .,...... 
·~ ~ ti ~ (d tg 

~ '-- JS z Q... 

Learner profirle attr:ibute(s) Reflect on the 1importance of car,ng for your lean1i:ng in thds 
chapter. 

Caring 
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CONSIDER AND ANSWER THESE 
QUESTIONS: 

• Figure 10011 Easter Island statueSi 

IN THIS CHAPTER, WE WILL ... 
• Find 0 1ut: 

how the effects of human disturbance can be 
measured; 

how human popuiation growth has put increasing1 
de1mands on the1 planet. 

• Explore how the choices people rmake affect 1he 
environment. 

• Take action by makingi our school or colllege mor1e 
sustain a bi e. 

em1ss1on 

environ mental 

exploitation 

introduced 

overexploit 

pollutants 

resource 

sustainability 

Biology for the I B MYP 4& 5: by Concept 



THE LESSONS OF EASTER 
ISLAND 
We think that the sodety we lliive ~n wm be here forever. 
But exper1ieoce from1 societies ~n Earth's past indicates that 
thi.s m1ay not nec:essarHy be the case. 'Sodeta~ co,111.aipse' ~s the 
faU or d~sintegration of human sodeties, and has occurred 
regiulady in human history. Two reasons why a sodety may 
collapse are environmental problems and failure to adapt 

to envj ronmentai tssues. Envj ronmental problems that have 

traditional,y led to societal coHapse include: deforestation 

and habitat destruction; so1ll probl,ems (erosion, sal,nizabon 
(the pr,ocess by which water-s.oiuble satts accumui,ate in the 
soil), and loss of sou fertUity); water manag,ement problems; 
overh unting (on land and in water); and the effects ,of 
introduced species on native species. 

In his book Collapse, ecoiogist Jared Diamond talks about 
the coHapse of the sodety that lived on the remot,e Easter 
Island. The jsland ~s about 117 km2 in area and js situated 
about 3 700 km west of the Chi lean coast. It is ,one of the 
most remote inhabited is!ands in the, worJd. It was cojonized 
by Polynesian1 people in 700ce. and the population peaked at 
12 OOO around 1600cE. The famous statues (moai) found on 

the ,sland (see Figure 10.1) speak of a sophjstkated culture 

- one tha1 could carve huge rocks and move them around 

the island. The popufartion is now about 4000. What 1caus,ed 
the dramatk reduction in the, islland's populaUon? D~amondl 

be~ieves that defores.tat1on of the is!aind destroyed the 

10 How do the chokes peoplle make affect the environment? 

What do these past collapses tell us about our own 

socie-ty? Are we affecting our environment in such 

a way that we are undermining the resources on 

which our societies depend? sustainability is living 
within the means of nature, so if humanity's actions 
are non-sustainable then by definition they can not 
be maintained: do you think that our current use 
of the environment is sustainable? Sustainable 

development meets the needs of the present without 

cotnprornising the ability of future generations to 

meet their own needs: do you think that the human 
race will be able to achieve this? 

resource base 1he people depended on,. and asks the 

questions 11How could the Easter is,anders have deforested 

their environment? What did they say when they w,ere 

cutting down the, last palm tr,ee? Djdn't they see what they 
weire, doing?., llhe total deforestation may be related to the 
statues: trees wer,e used to move, the moa1t and removal 
of the trees l,ed to s,oii erosion, landslides, crop faHures 
and famine. 

Other societies that have coHaps,ed include: M.aya in the 
Yucatan, the Anasazi1, Fertile Crescent sodety~ Angor Wat 

and Great Zim1babwe. Archaeologists have shown us that 
there were environm,entall probiems underlying many of 

these paist c,oUaps,es. Choose one of these case studies 
to research and flrnd out which environmental probl,ems 
contributed to the coUapse. Produce a presentation to show 
to the rest of your dass. 

There are four new factors that m1ay contribute to the 

weakenjng and collaps·e of pre,sent and future societies: 
cl j mate change caused by human activities; bu ill d-up of 
pollutants in the environment; en,ergy shortagres; tuU 
human use of the Earth's photosynthetic ,capaciity. 



HOW HAS HUMAN 
POPULATION GROWTH 
CHANGED OVER THE LAST 
12 OOO YEARS? 
For most of the h1sto,ry of Ear1h, natura1I processes have 
influenced ,and shaped Hfe. More recentiy, one spedes -
Homo sapiens - has. been the dominant influence on Earth's 

ecosystems (as we began to, exp~ore ~n Chapt,er 7). Early 

humans. lived in balance with nature, as hunter-gatherers, 

and had littjle impact on their envir,onment. Populations 
w,ere ~ow i1n numbers and people lived off the I and. 
As humanity spr,ead from Afnca, becoming farmers and 
deari ng land to grow crops, the impact of Homo sapiens on 

the pianet grew. 

The development of settled ag1rkulture r,epresents one of 

the most significant changes ~n h u m1an history; and enabled 

h urn an populations to start girowj ng. Th is perjodt kn own 

as, the N,eoUthjc (,new stone age') revolut1lon, begian in the 
1fertile crescent' jn the Miiddl,e East about 10 OOO years a,go, 
and chang,ed forever the way tha1t hum1aniity interacts w~th 
the ,envi r:on ment. 

In recent times, humanity's tremendous growth in 

populabon, from1 mere 1mmions in the Neol~thic per~od to 

over 7 bUlion today has put even mor.e pressure on the 

Earth's natura~ system1s. 

FoUowing the development of agricuhure, human 
populattnns became s~ttled ~n grow~ng1 communities. Dudng 

th,e Industrial Revolubon, increased ,access to energy further 

fueUedl popu~ation growth. The wond 1

5 popufatijon doubled 

between 1804 and 1922, 1922 and 1959, 1959 and 1974. 

It iisl therefore, taking ~ess and less time for the population 

to doubl,e. In the twent~eth century growth became 
exponent~al (exponentiial m,eans ~ncr,eas1ngly rapid growth). 

'" ., 
I 

'\ 

• 
.. 
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~ 
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• fjgur,e 10 .. 2. Human popu~ation 9rowth 

Other factors have contnbu1edl to an incr,ease in human 
popuiat~on: 
• better healthcare, 

• more nutritious food 

• dean er water 
• better sanitation. 

The biggest increiease in populla1tion is i 11 ec,onomicaHy 

develop~ng countries (LEDCs) rather than in more 

I 

; 
;ii 

~ 

econom tcaHy developed countries (MEDCs). High infant-death 
rat,es increase the pressure on women to have more dhifdren, 

and in som,e agrkulltural sodeties parents have larger fa mmes 
to provide llabour for the farm and as secudty for the par,ents 
in old age. Lad<. of access to contraception, through educat~on 
or medical servkes, also leads to increased birth rates. 

The impact of exponential growth 1is that enorrnous 

amounts of extra r,esources are needed to .support growing 

popullations (for food, housing, dothing). However, 

res.ource use in many LEDCs is much less than the resource 

consumption jn MEDCs where popu~ation growth rates are 

much iow,er. 
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ACTIVITY: Plotting population 
growth since 10000ecE 

Tables 10.1 and 10. 2 show populations data from 
10 OOOecE to 2011. Table 10.1 shows data from 1 OOOOa,CE 
up to the late medieval period, and Table 10. 2 from the 
early Renaissance period up to 2011. 

On graph paper, plot population size against time (as 
measured by year). Note that the dates are not evenly 
spaced and so you must work out a scale on your x-axis 
that allows you to plot dates over a 12000 year period. 

• Explain the shape of the graph you have plotted. 
• Explain why human populiation has increased rapidly 

fro,m the ear1ly eighteenth century onw·a:rds .. 
• Early measurements of hum·a n population size. are 

estim,ates. Why i1s thi,s? 

• What key events we.re happening in the years shown 
in Tab·les 10.1 and 10.2? Use the foUowing websjte as 
a start1ing poi1nt: http:J/na .unep.net/geaslnewsletter/ 
images/Jun_11 /Figure1 .png 

• When wil l the worl1d populat,ion reach a oo,o OOO 
(8 billion)? What about 9 bUlion7 Ex1rapo1ate your 
graph to esti·mate these dates. 

• What are the long-t,erm projections for world 

population beyond 20 507 Why are these patterns 
predicted? 

• find out about milestones in world popullation, 
in dud.ing the current world populati-o n1, 1here: 
www.worldometers. info/world-popu lation/ 
#milestones 

THINK- PAIR- SHARE 
• What do you think is tespons'ible for the rise in human 

population numbers? 
• What i.mpact is human population growth having on 

the e nvrron.ment? 

Now share your ideas with your neighbour. Does the rest 
of the class agree? 

+ Assessment opportunities 

In this activity we have practised extrapolating the 
best-fit line of a graph to predict f uture population 

growth. 

• Tab1e 10~1 1Globall human populat~on size f ro,m 10000BCE to the lat,e medieval perhod 

Populat1ion 
s1ze (minions) 

5 5 7.5 12.5 14 27 50 162 285, 405 

• Table 10.2 Gf,obal human population s~ze from the ,eady Renaiissan0e to 2011 

Year 

Populartj on 
size (m~Uions) 

1500 

443 

'1804 1927 

·1 OOO 2000 

SUMMARY REFLECTION 

1960 

3000 

What have you learnt about how human population 

growth has changed over the last 12000 years? 

Why has population growth changed? 

I 

1974 , 1987 2011 
' 

4000 5000 6000 7000 8000 9'000 

REVIEW 
Create a table that summarizes key changes in 
human population growth over the past 12 OOO years. 
Highlight the periods when human population 

increased from 1 to 2 bill ion, 2 to 3 billion, and so on. 
What historical events were happening at the time 

and what led to the population g rowth7 
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ACTIVITY: A HIPPO 

Look at the following photos, each of which represents 
one of the reasons why natural systems are being 

disturbed: 

• f i1gu:re 10.3 fl·elds lbefor,e harvest at summer 

• Figure 10.4 C!ea1ranc,e of rainfore·st to make way 
for oil exp~oration. Such dearance has a mass1ive 
environmental! ~impact on a regiian 

DISCUSS 
What does 'A HIPPO' stand for? Describe and explai:n 

to your neighbour what each letter stands for. What 
examples can you provide to help you explain each 
of the human threats to natural systems? Can your 

neighbour think of different examples? Make a joint 
list of all the ideas you have come up with. 

• Figure 10.5 The igrey s.qufrrel was introduced fr,om 
North Am1erica into the UK: tt competes wtth the red 
squfrrel and has fed to reduction in red squirref (which ~s 
now rare) 

• IF'igure 10.6 Piastjc giarbage in the sea 
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• Fi1gure 10.7 Human population increase ,over 400 years 

• Figure 10.8 B,engal tiger (Panthera tigris tigris) skin 
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The human effects on the environment can be 

summarized by the mnemonic 'A HIPPO'. Each image 

on these two pages represents a different way in which 
the environment is being disturbed by human activity 

(i.e. one letter in the mnemonic). What does each letter 

stand for? 

Write down your answers following this guide: 

A= --------- --

H =------- ---
1 = 

P= 

P= 

I + Assessment opportunities 



Humans hav,e had a masswe ilmpact 
on the nawrall wodd over the last 
few hundr,ed years ~n particular. 
Popu~aiti,,on g r:owth {one o,f the, two 

'P's in 'A HIPPO') has fueUed dermand 
for m,ore resources, wh~dh has 1led 
to hab~tat I oss (' H ') as a resu It of 
def or,estation, mining, I and dear a nee 

for new hou sj ng and inf ras1Juctu re 
(e.g. roads), and so on. The increase 

irn the worid populabon fr,om around 

3 bU lion peopl,e in the 1950s to over 
7 bUUon p,eople in 2015 has ~ed to 
~ncreasing demand for food: convers,on 
,of fa nd to ag1rku ltu re (A) 1h as 1,ed to 
further habitat ioss. Neariy 40 per 
cent of the Earth's land surface js used 
for agriculiture (Figure 10.'9), with an 
area approximate1y the SJize of South 
Amerka used for crop production, 
and even more land (3. 2 to 3. 6 b ini,on 
hectares) being us,ed to, raise Hvest,ock 
(such as catt~e). 

Some parts of the planet are more 

intensively farmed than others 

(Figure 10.1 O). 

THINK- PAIR- SHARE 
These threats are leading to species becoming endangered. Discuss with 
your neighbour how each threat is harming biodiversity (biodiversity is 

the variety of different types of life found on Earth). Now share your ideas 

with the whole class. 

Global' land area 
13.4 bill ion ha = I 00%, 

Glob al agricultural area 
5 billion ha= 37%1 

61 o ba I ag rku ltural area 

~~~:..::------ Pasture 
3.5 bil lion ha~ 70% 

Arable land 
l .4 bil liufl ha c: 3oq.'o 

-.--- Food and feed 
1 29 billion ha - 27% 

IL---1------ Materia~ use 
100 million ha ::; 2% 

...__ '----- Biofuels 
- .-:a-i__.... 5 5 mi 11 ion ha = 1 ~'<> 

• Figure 1 OF9 Neady 40o/o, of the Earth's surface is used for ,ag1dculture. 
This pi1e chart shows how agir1icul1ura~ land is used for d ifferent purposes 

• 

o 1500km 
1-...J 

Key 
D Less 1han 15% D 33°/c- 50% 11 67%- 89'Vo 
D 15,%-33o/o Ill 50o/o~67% D No data 

• Figure 101"1 10 Agrriieultural land as a percentage of total ~and area 

N 
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As humans began to move around the planet they carried with them spedes that 
w,ere then deposited in ecosystems where they had not existed be,for,e. These 
1alien' species ~n many instances became 'invasiveI (the 11' in 'A HIPPO;) when 
then they adve,rsety ,affected endemic {native) species by competing with them, 
lleading1 to a reductiion in the population of ,endemk spedes. 

• The grey squirrel was, 1introduced into the UK from North America. This 
grey ·sq ui n 1el competes with the native r,ed squ irr1el and ha 5 led to such a 
reduct~on in red squirrel numbers that the ani1mal is now rare. 

• Introduced red-dawed signal crayfish (Padtast:acus Jeniusculus), a large, 

aggressive American sped,es, has wiped out almost 95 per cent of the, nattiVe 

UK white-daw,ed species (Austropotamobius pallipes) since jts. intr0rduct1ion 
1in the late, 1970s. 

• Invasive species can lead to the exdncti,on of the native species: for eXrample, 
1in Hawaii! many sped,es 1of ,endemi,c snail (F~,gure 10.11) have been wiped out 

by the introductiion of rats to the islands, habitat ~oss, and .a1so following the 
deliberate introduchon in 1955 of the carnivorous sna~I Euglandia to control 

the aHen Afrkan snail (Euglandia ate not only the, African snail but allso the 
ende1mic snai~ spedes). Read about a program to c1onse,rve the Hawaiian snai~ 
fauna here: http:lld lnr. hawai i.gov/ecosystems/n icp/sep/ 

Pollution (the other 'P'), indudes chemkals., litter, nets, plastic ba1gs and o,il :spills. 
Po,Hut~on damages habitats ,and kills animals a1nd plants, i,eading to the loss of life 

and reducbon in species' population numbers. 

Overhunting ('O') has led to a s1gn~ficant reductjon ,n populatilon size of many 
spedes. Animal1s are hunted for food, m1edlkines, souvenirs, fashdon (e.g. fur 
coats), and to suppty the exotijc pet trade,. Overhunting of North At1lantjc cod in 
the 1960s and 1970s led to a colllapse in fish numbers. 
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• Figu,re 10~11 Museum coUect ion 
showing dlivers1ty of Oahu's land 
snajls, many now e,xtinct, Bishop 
Museum~ Hawaii 

SUMMARY 
REFLECTION 
• What have you learnt about 

the ,i,mpact human disturbance 

has had on natural systems? 
• Outline six ways in whi.ch 

humans have adversely 
affec.ted the natural wo rid . 



WHAT IS POLLUTION? 
PoUubon ris, contamination of the, 1Ea1rth and atmosphere to such an extent that 
normal env,r,onm1ental proc1ess,es are adversely affected. PoUutants, that js to say 
the factors that cause poUutto·n, are d~sagreeab~e, toxic and harmful. 

There are 1many types of pollution (see Tabl,e 10.3). The effects 1of pollluti1on 

on huma11s are w~despread, induding death, decreased levels ,of health 
(Figure 10.12), poor afr quality, and reduced water resourc,es and sod fertility. 

• Table 10.3 The main sources of poHut,on 

Source lype of pollution Cause 
I 

Agrkulture FertUizers, manure, silarg,e Spreading f erb Uzers on fields; ru noff of 
manure aind s.i1II agie 

-

Pestiddes Spra}ftnig crops 

Sai~nizat~on lrri1gati1on 

Manufacturing SoHd was1e Drisposall ,of by~products. and waste 
~ndusiry 

Toxk spins . .and ~eaks Industrial dumping aind accidents 

Domestk waste SoUd dome-stic waste Waste in liandfiU srites 

Sewa,ge Waiste from toilets; djsposab~e nappi,es 

Transport Runo,ff f rnm roads Oil leakag:es; road drainage· 

Energy S uif u r dl~oxide B urn1i ng coal 

Nijtr,ogen oxides Formed from1 atlmosph erk nttrogen ~n 
vehrides 

Nudea r waste Rad~atJo ni l1ea ks 

Effects 

Eutrophkat~.on 

Pestijddes build up ,n food chains and 
affect the heah:h oi an~mais 

Ac:cumufa1t1on of salts in soils: lkitlls plants 

Contamjnated land, e .g. lower Lea Vallley., 
London (O,f¥mipk Games s.rt:e, 2012) 

Bhopal, India 

Contam11ina11rion of ,groundwater; ref,ease 
of m·ethane 

Eutrnphkat~,on; reduc,ed oxygen 1in water; 
d~sease 

Con1tamjnat~on oi groundrw.ater, streamrS 
and sdls 

Add preeiipitat~on 

Add rain 

Fukushima-Da~kh,, Japan 2011 
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Nerve 
damage 

Lead 

co 
Particulate 

matter 
Ozone 

VolatUe organic 
compounds 

Skin Irritation 

• Figure 10 .. 12 The effe,cts of poHution on human health 

ACTIVITY: The gases of pollution 

• Fi,g ure 10~13 A lump of coa~ 

Fossi l fue1s were formed over millions of years from the 

remains of dead plants and animals: coal was formed 

from dead plant material; oil and gas were formed from 

dead marine organisms. Power stations use fossil fuels 
as a source of energy - when fossil fuels are burnt they 
release elements that have been trapped for millions of 

years back into the atmosphere. 

THINK-PAIR-SHARE 
What elements do fossil fuels contain? Think about 

what you know about the molecules that make up living 

10 How do the chokes peoplle make affect the environment? 

- Bacteria 
- Parasites 
- Chemicals 

P,esticides 

organisms (Chapter 3, pages 56- 57) -these elements will 

be locked up in the fossi I fuels. Make a list. Now share 
with your neighbour. 

What gases are produced when fossil fuels are burnt? 
Think about what gases the elements you have listed 
above would form when combined with oxygen. 

Make a list. Now share with your neighbour. 

What effect will the gases released by burning fossil 

fuels have on the environment? Research the effect 
of each gas and make an 'Environmental awareness' 

booklet designed to raise awareness of the harmful 
effects of atmospheric pollution. 

~ Assessment opportunities 

EXTENSION 
What other sources of pollution are there? 
Use these search words: th rmaJ pollution, 
sound pollution, plastic pollution, oiJ pollution 
to find out more about pollutants and their 
effect on the environment. 



Fossil fuels contain aU the el,ements that were present in 

the l1iving organisms from which the fuels were 1madlel Le. 
carbonl hydrogen and oxygen (frorm carbohydrates, lipids 
aind pro,teins), and njtrogen {from prote~ns). Some proteins 
a!so conta~n sulfur. When the fossU fuels ar1e burnt they form1 
oxides of the d iff.erent elements, wh itch are reiease-d ~nto the 
atmosphere: 
• Carbon forms carbon dioocide (C0

2
) and carbon 

monox1ide (C,Q) (ff the fossil! fuel i.s ~ncompletely burnt), 

• Nitrogen forms nitrogen oxides (NO), such as nitdc 

oxide (NO),, nitrogen dioxide (N02) aind nirtrous oxide 
(N20). The1ir Uf,espans in the atmiosphere range from 
one to seven days for nitric oxide and n~trogen d~oxide, 
1,0 170 years for n~trous ,oxide. 

• Sulfur forms sullfur dioxide. 

Njtrous oxide and carbon dioxide are greenhouse 

gases (see page 261). Carbon monoxide combines w jth 

hemoglobin in the blood rather than oxygen, meaningi that 

less oxygen reaches respiring tissues. co is found in fumes 
produced when fossiil fuels are burnt ~n vehides, stoves, 
bo,~l,ers, fireplaces, gas ranges o,r furnaces. CO can buUd up 
indoors and pois.on peopie and animals who br,eathe ~t- in 
high enough concentrations it can k~jl as it stops s1.Jff~dent 
quantities of oxygen form reaching the brain. 

Aci,d rain 

Nitrogen ox~des and sulfuir dioxide dissolve in water 1n the 
atmospher,e On douds), formingi nitric add and su~fiurk acid 
(Figur,e 10.14). The water fa Us as rain or snow, aff,ecting 

land (terrestdaO and water (aquatic) organis 1ms. Figur,e 10.15 
shows the eff,ect of acid rain on trees. 

1• Figure 10.·15 The effect ,of add ra~n on trees 

NO-,:+ 1-120 :!!:! Nitric add (HN03) 

S0
2 

+ H2o = sulfu ri,, add (H2S0J 

• Figure 10.14 How a,dd rain ~s formed 

Thinning of crown 
( crown die-back) 

Ojrect damage 
to needl'es, 
leaves and bark 

from leaves 
('leaching) 
e.g . Ca, Mg 

~atlurn of 
~eed lings 

Changes in organic 

Acid 
de.position 

Gas, aerosol 
..... and particles 

Decreased ires ista nee 
to d rou g ht1 disease, 
frost etc. 

Shedding of leaves 
and needles 

I if e ,-.-11 

Addifkation of top so il 
Decomposi tlon 
slowed down 

Soil 
acidifirafo1 Damagt to +n+rlt hafrs 

Poisonous heavy t duced intake of 
metals mobi1lized water and nutrients 

.. 
Nutrients 

washeq aw~ 
(e.g. Mg_ Ca} 
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E·utrophication 

As wel I as atmospheric poHrution, pol futants ea n Gome direct from the land. Overuse 
of fertilizers to jmprove crop yields has ll1ed to, poUutjon of ·freshwater resourices, 
such as, la k:es. Nitrate and phosphate fertU izers from su rroundri ngi f airm land can be 
wash~d jnto a body of water causing the foll,ow1ing sequence eif events: 
• lncr1eas,ed n~trogen and phosphorus ~n the water leads to incre,ased algal 

growth ,(an 'al1gai bi,oom') - nitrogen is used by the al1gia,e to make protein, 

and phosphorus is needed to make ceU membranes, DNA and other 
organic rno lecu les of life. 

• The, algae block Ught firorm reach~ng ~ower lev,eis in the lake - aquatk plants 
beiow the surface of the lake cannot photosynthesize and so d1,e. 

• Algae also die - ther,e is a build-up of dead organic maitedal on the bottom 
of the lake. 

• Bact,erja feed r0n the dead orrganjc matter~ they need oxygen to rre5pire, and 
so oxygen levels in the ~ak,e decrease (the wat,er becom1e 'anoxic1

) . 

• The lack of oxygien means that animals in the lake, such as fish, die. 

This pro-cess is caUed eutro ph ication (whkh HteraUy means 'good feedfng' -
because the algae have pllenty of nutrr,ents to he,lp them1 grow). 

Com:bating pollutio,n 

It is. vital that pollution is contr,oUed and mana9ed. To be, e,ffecUve, poHubon 

treatment shou~d be appli,ed at source: ther,e is no po~nt treating symptoms 
(e.gi. treating acidified lakes w~th lime) if the ,cause is not tackled (for examp~e 

emission of add mateda lls). 

P roc:ess of po 11 utio n Strategies for reducing impacts 

Alterjng human acttvlty through educat•on. incen,t~Ves and 
Huma,n activity p e nart'Ues to p ro:rnote: 

producing - • development of a~teirnative technotogies pollutant • adoption of a1lter1nailthve liifestylres 
• r_edudn.g, reusing,~ recycJing 

, Reg 1u lati og and red udng the poll ~urta nt at tih e 1P omt of 

Release of emjssion by: 

pollutant into --
~ 

• setting ar,d impos~nig standards @nvironment , . introdudng measun~s for extracting the polllu1ta:nt from . 
waste emissions ,, 

Long-term Cl,eanrng up the pal,iuitant and restor~ng ecosystems by: 
impact of -
pollutant on - • extracti1ng and removing the pollutant from the ecosystem 
ecosystem • rQpl1an1rng and r-estockjng \lv~th anrirr,a, populations 

• Figure 10 .. 17 Different ways to1 mana9e poUut~on 
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• Figure 10.16 A 1eutrophk river 

SUMMARY 
REFLECTION 
What have you learnt about 
pollution, and how pollution is 
harming the environment? 

REVIEW 
• What gases are released when 

fossH fuels are burnt? 
• What effects do these gases 

have on the environment? 
• w·hat is acid rain and what 

effect does jt have? 
• What i,s eutrophication? 
• How can pollution be 

,managed? 



WHAT IS GLOBAL WARMING? 
Burning fossil fuels releases polllutants ~nto the atmosphere, 
some of whi1ch are greenhouse, gases. The, Sun produces 
many d~fferent wavellengths of light, from shortwave 
(uh.r.av.ol,et, UV) through visible Ugiht to 11,ongwave (infrared, IR). 

ACTIVITY: The greenhouse effect 

T Link to: Physics 

Look at the fol lowing diagrams. Use the information 
above to describe what is happening at each stage. 

What is the greenhouse effect? 

• F'i ,g u re 10.19 The g reenh ou s e effect 

• Figure 10~18 Heavy smoke fr,om indus1rtai chimney 
poUuting the environm,ent 

+ Assessrnent opportunities 

EXTENSION 
Find out more about the greenhouse effect 
here: www.sumanasinc.com/webcontent/ 
animations/content/green house.htm I 

Find out more about the greenhouse effect 
and global warming here: www.outdoors.org/ 
co nse rvat ion Imo unta inw ate h/u p I o ad/greenhouse. swf 
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Sun 

Reflect~ back 
to space 

Re- radia ed 
into space 

l,nf rare d radiation 
(heat) r a.di ated 
back towards 

Incoming so~ar 
radration (of 
u ltravi o I et. 
visi:bl·e ~ight 
and infra red) 

Fi1gure 10~20 The ,greenhouse effect 

Greenhouse gases let through UV light but absorb 
IR llight resulting 1in a warming of the planet, known as 

the greenhouse effect (siee, F~gure 10.20). 

Greenhousje ,gases indude: 

• carbon drioxide 
• methane 
• nitrous oxide 

• CFCs (chlorofluorocarbons) 

• wat,er vapour. 

• Figure 10.21 
Greenhous,e 
gases trap 
IR ljght 1n the, 
,atmosphere, 
~eading to a 
warme,r Earth 

The greenhouse 1effect is essentia~ for life on Earth -
without ihe greenhouse gases the averag,e global surtace 

te1miperature would be - l8°CI rather than the 1S°C that 
it is today. Global warming js ,an increase in average, 
te1mperature of the EarthKs atmo6phere, caused by a bui~d-up 
of greenhouses giases such as carbon dioxide and methane. 
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D Carbon d iox,id e 

• CFCs, HfrCs 

D Methane 

D Oxides of ni,trogen 

• Figure 10 .. 22 The main gr,eenhouse gas em~ssions 
rei,eased due to hu m1a n actitvi ties 

• Energy 
D lndustirial processes 
• Land use changes 

Agricufture 
D Waste 

• Figure 10.23 Sources ,of human-re~ated greenhouse 
giases 

Sources of carbon d~o:,dde itndude the burning of fossH 

fuels and forest fires. There are many different sources, of 

methane including wetlands, bogiS, stagnant water bodies, 

rke paddies, livestock (such as cows, which re,lease m1ethane 
produced by anae,robic bacteria in their gut), landfiU sjtes, 
m1e,lting of permafrost, and manure and sewagie. 



ACTIVITY: Correlations betvveen C02 and 
temperature 

What evidence is there that I inks increases in green house gases to 

climate change? 

Look at the fol lowing graph - what evidence does it provide? 

- Temperature vadation - C02 concentration 
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• f'igu.re 10~.24 Carbon dioxide levels in geological tjme 
,--------------------------

+ Assessment opportunities 

EXTENSION 

• Figure 10.25 

What does Figure 10.25 suggest 
to you? How could you use it in a 

campaign to promote awareness 
of global warming? 

Effects o,f g llob,al warmin1g 

The potential effects of dimate ,change 

on the dlis1r~bution of ecosystem,s, global 
agiriculture and hum.an sodet~es are: 
• ,ecosyst1ems m,ovring north/south 

with changring dimate· 

• change in iocat~on ,of crop-1grow1ing 
areas (for exampie the are.a for 
growing grain in the USA 1m1ay 
move north) 

changed weatherr patterns 
• co,astal flooding (due to s,eawat,er 

expanding as a result of increased 
temperature, and the mehing o,f 
the Arctk icecap and Green~and 

~ce sheet) 
• ,effect on hum.an health (spread of 

tr1opical d~seases such as malaria·) 
• dhange in the d istri1buti on of m.any 

.ani1ma,s; some animals may no 
longe,r have ,a s u ita bi e ha bi tat, 
whereas others may not be abie to 
migrate to find suitable habitats 

• compet,tion from invasive species 

that spr,ead due to dim.ate change 

may I ea d to the extinction of 
endemic species (see a tso p.age 2 55). 

There have been constderab~e changies 
1i n the l1evels ,of carbon di o,x~dle ~ n 1 he 

geolog~cal past (Figure 10.24). GeneraUy, 

higher levels of ,carbon dioxide 

correlate wuth higher tem1peratures, 

and lower 1,ev,eis of carbon di1oxride 
corr,el,a te w~th lower tern per atures. 

The l,ong-term records o,f dlanging 
l1~V·@ls of greenhot1se gases and 

ass:odated ohange 1in temp,eratures 
arre lba6·ed on evidence obtained f ram 
ice cores d rj Hed ~n the Antarctk and 

Grieenland ic,e sheets. The ice there 

has forrned from the build-up of 1layers 
of fr,ozen sn1ow, deposited there over 
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thousands ,of y,ears.. Gases, from the surrounding atmosphere 

w ,ere trapped in the frozen layers of snow. The amount of 

different gases in the bubb~es of gas obta~ned from different 
layers, of these cores, were ana~sed from the Vostok ke 
~n Eaist Antarctic: th1s has resulted in a record of how the 
carbon dtoxide and methane c,oncentrations have varied 
over a pedod of 400000 years. o,f Earth's history. 

Since the beginning of ~e Industrial R,evollution ~n the 

developed ,countries of the world (the past 200 years or 
so), there has been a sharp and acce,l,erait1ing rise in the leve~ 

of carbon dioxide. This ris attributed to the burning of coal! 
and oU. These 'f ossi ~ fu efs' were rmos.t1y I a1idl down j n the 
C,arbonifernus Periiod. As a resuhl we are now adding to our 
atmosphere carbon that had been locked aw,ay for about 

350 million years. There is a correlation between r~sing 

atmospheric concentrations of carbon dli0>dde and r~sing 

averag1e, g~obal temperatures. Many dimate scientists argue 

thits development poses a major enviironmental threat to irte 
als we know ~t. 

Combating climate chan 1ge 

Re~ease of greenhouse gases occurs local~ but ha1s a global 
~mpact. lnternat,ona! cooperation to reduce emissions is 

·essent~al. What acUons a re needed to prevent the worst 
consequenc,es of c,ontinued ,gilobal warming? 

Eftective actions thait may combat threats from igloball 

warmin,g include: 
• cons,erve fossU-tuel stocks, using1 them only sparing!y1 

and ,oniy when there are no apparent alternatives (such 

as oils from biofuel sources) 

• develop n ud ear rpower sources to supply ele,ctric ~ty for 
industrial, commerdall and domiestk needs 

• develop so-cal~ed renewabie, sources of power, 

explo~ting env~ronmental energy sour,ces, such as wave 
ene,r,go/ and wind power 

SUMMARY REFLECTION 
What have you learnt about global warming and the 

effects of climate change? What have you learnt about 
how climate change can be combatted7 
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REVIEW 
• Name fjve greenhouse gases., 
• What js the greenhouse effect? 
• fs the gree·nhouse effect a 'good' or 11ladr' thing? 

• What is gl,obal warmi,ng? 

• What is climate change? 
• What evidence is there to show a c orrer ation between 

increasing C0
2 

levels and rising temperatures? 
• What effect ;is dimate ·change having on the planet? 

• dlev,el o,p biofuel sources of energy that ,exploit organic 
waste matter (which wrn naturaUy decay anyway) and 
biofuel cr,ops that ,are renewable photosynthetijc sourc,es 

of ,energy 

• reduc,e use of fue!s for heating of homes. (where 
necessary) to min~mum levels by e,conomjcal designs ,of 
(w~ll ... insulated) hous~ng and reduce use of fiuels in more 
~ffid,ent transport systems, 

• prevent the destruction of f,orests tin general .and of 
rainforest aH around t he tropical reg~ons of the Earth in 

partkular, since these are ai major C0
1 

stores. 

To be effe-c1ive, any such actions taken in response to 
env ~ronm,enta I chail len ges ineed to: 
• be agr1eed internat~onallly .as acceptable to all nations/ ,and 

to be acted on by ,each and every one, simultaneously 
• reco,gn~ze that exi·sting1 MEDCs have previouslly 

exper~enced thejr industr'jal development through 

expl,oitation of natural r,esources and LEDCs expect to 

be able, to do like,wise. 

An ~nternat~onal agreemient to li1m1it releais,e 1of gir,eenhouse 

gases by all ,ndustri.al countr~es and emerging industria1I 
countnies was first ag1reed at the Earth Summit in R~o de 
Ja1ne,irn in 1992. An i nitriative, known as Agenda1 21 1 was 
launched. SubsequenUy, at the Kyoto Conference in Japan 

a first attempt was made to meet the pledges made at Rio. 
Carbon dioxide ,emission targets for the industrial! nations 
were s,et for the period 2009-2012. Now, discus~ons 

continue annua1llly. However, 'poUuting' nations (and there are 
many) have been aUowed t,o offset emissions with devi,ces 
such as carbon sinks - m1echani·sms by which atmospherk 
carbon dioXJde is removed from the air e~ther perm,anenUy 
or on a long-term b.as1s. for example,,, c-arbon d~oxtde may be 
absorbed by additi1ona1 forest trees, becoming the carbon of 

wood that is not harvested and burnt. HoWe'\,er .. many of the 

arrang,ements are 50 ,complex as to be difficult to enforce, or 
are not legially binding. Real pr,ogress is ex1rem,ely slow. 



• Figure 10 .. 26 Bullldozer m,ak~ng a1 io,gging road in 
rainforest, Sabah, Borneo 

Tropica~ rainforests cover only 5.9 per cent of the Earth's 
land surface but may contain up to SO per cent of al~ 

species. They are found in South Amerka, Afr~ca and 

Southeast Asla. The dimat,e iis warm and rainfaU ~s high~ wirth 
up to 2500m1m per year. The· constant warrn temp,eratures, 

high levels of sunsh~ne and high ra~nfaH lead to high l,evels, 
of photosynthesis, llead~ng to lots of new 9rowth, different 
spedes (spedes rkhness) and diversity. 

liropicai rainforests are, rich in natura1 r,esources, such as 

1i rmber, and so are vu lneraib le ·ta exp lloitation, wjth an 
averag1e of 1.5 hectares (equivalent to a footbaH p~tch) lost 

every 4 seconds. Because they have high b~odliversity, many 

species are affected when they are disturbed. Deforestabon 
and forest degrada'tion are beingi caused pr1incipal~y by 

dema11d.s for ti1nber, for land for cattle to provide beef and 
for plantation crops such as soya and biofuels (such as 

oil palm in Southe,ast As 1ia). Tropkai ra111forests are found 
on nutrient-poor s,oHs that are thin and easily w,ashed away 
once forest is dear,ed. 

Ecologka I fo-0tpr~nts (S@,e page 266) are a g1ood indicator of 

whether we· are using the Earth"s r,esources sustajnablly. If 

the land surface was divided equallly among all the people 

who Bve on Earth, there ·would be 1.72 global hectares per 

person - this ar,ea of land should be suffident to provide, 

all the food, .she~ter; clothingi matedal and ·Other res:ources 
needed for survivaill, ,ais weU as rem,oving aU wastes. You are 
going to realcul.aite your ecological footprint. What would 
happen rf everyone, on the plan et lived as you do 7 

Human lifestyl,es directly determine the he·alth of different 

ecosystems - the mor,e resourrees we use, foss~I fue~s we 
burnr and polllut~on ·we pr,oduce, 1he greater the eftect on 

the p~anet we· inhabit. W,e on~y hav,e one Earth -w,e should 

use the resources it provide·s wisely. 

• Figure 10~2.7 D,eforestabo,n leads to habitat l,oss 
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ACTIVITY: Studying the effects 
disturbance on an ecosystem 

In your local area there will be habitats where you can 

investigate the effect that human disturbance has had 

on natural ecosystems. These may be areas of forest that 

have been harvested for timber, grassland habitats that 
are regularly trampled by walkers .. ecosystems where 
fire has damaged natural habitats, and so on. There 
are a variety of methods you can use to study disturbed 

ecosystems: 
• Count the number of speci·es present before and after 

disturbance (this wi1I I be your dependent variable). 
Perhaps you can focus on onie group of animal:s or 
plants? rEnsure you have an i.nide.pendent variable su1ch 
as deg,ree of canopy openness (how much sky you can 
see· from the forest floor., expressed as a percentage, 
or Jight i,ntensity) .. 

• Measure average w·idth of tree stems at breast height 
(DiBH) - are there differences between u:ndjsturbed 
and djsturbed sites? 

• Me·asure ligiht levels, temperature and wind s
1
peed .. 

• Measu:re the amount of soU erosion - in areas 
with high ra inf a II this can be s·imply calculated by 
measuri,ng the depth of so,il 1remaining under f.ree .. 
standing rocks and stones,, where soi.I around these 

.solid objects has been washed away~ 
• Measure soil pH (pH 'tes1ing kits are avaiiabl1e at most 

garden centres). 
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First you need to develop a hypothesis: 
• Explain the research question to be tested by your 

i nvestig atro n . 
• Formulate and ex.plain a testable hy1pothesis using 

correct sdentific reasoning. 
• Explain how to manipulate the variabl,es, and 

explain how suffi'cient relevant data will be 
co Hect ed. 

• Design a logicaJ, complete and safe method in whkh 
you s-elect appropriate mate.rials and equipme1nt.. 

Now you need to collect your data. 

Having collected your data: 
• Organiz,e, transform and present your data 

numericall'ly ot visually as a graph. 
• Accurately interpret your data and explain your 

resu.lts using co.rrect sde ntific reasoning. 
• Evaluate the validity of your hypothesis based on the 

o urtcome of the i1nvestigation. 
• Evaluate the validity of your miethod based on the 

outcome of the investigation. 
• Explain improvements or extensions to the method 

that would benefit the investigiation ~ 

+ Assessment opportunities , 



ACTIVITY: Your ecological footprint 

• Figure 10. 28 What is your eco~ogkal fo,otprint? 

An ecological footptint is the area of land and water required to sustainably 

provide all resources at the rate at which they are being consumed by a 
given population. How great this area is compared with the area available to 
the population then gives an indication of whether the population is living 
sustainably: an indication of unsustainability is given when the ecological 
footprint is greater than the area available to the population. 

What is your own ecological footprint? Work it out using the following 

website: http://footprint.wwf.org~ukJ 

How many planets would we need if everyone lived the same lifestyle 

as you? What issues are taken into account when calculating ecological 
footprint? How can you reduce your ecological footprint? What steps can 
you take today to start this process? 

+ Assessment opportunities 

SUMMARY 
REFLECTION 
What have you learnt about how 

humans ,overexploit natural 
resources? How do human 
lifestyles determine the health of 
different ecosystems? 

REVIEW 
• What impacts does 

deforestation have on 

lbiod iverstty? 
• Why are tropjcal rainforests 

especialll'Y p·rone to 
explo!itatio n by humans? 

• What is an eco logical footprint 
and how is it measured? 

• What does t he size of an 
eco logical footprint tell us 
a bou1t the overexp:loitati on of 
natura[resources? 
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How do conservation efforts support the 
health of different ecosystems? 

Cor1servation m1eans striving to "keep what we· have.,. 
The aim of conservation is to protect Earth's biodtversjty by 
ma1intaining habitats and ecosystemis. By conserving habitats/ 
sp,edes that iinhabh them ,can a~so be protected from human 
d,sturbances, such ais deforestat~on and poHution. 

Cons,erva1tion aims to s,ow down the· rate of ext1inction 

caused by the unsustainab!,e exploitation of natura~ 

resources. It also ai1ms to mainta~n 1interactions between 
species (as we explored in Chapter 9). Conservation 

works to protect and preserve the Earth's ecosystems., so 

thait future generati,ons ,can live in a w,orld that has the 
same bio~og ica~ rjoh n ess that we enjoy today. Central to 
conservation is the concept of sustainabiUty; that js to say 
using th,e resouriee s ,of the Earth in <31 way that does not 
adverse~ affect future generations. 

N on-governm,enta! origa 11 izatrions (NG Os) i nd ude 
1Greenpeaeie and the Worlld Wide Fund for Nature r,IVWF). 

An exam1ple of an intergovernmental or191arnization OGO) 
is the United Nations Envjronment Progiramme (UNEP). 
Boith governmental organizati1ons and non-governmental 
organizations work together to preserve and r,estore 
ecosysteims .and b~odtversity, and ensure that human 
act~vities aire run on a mor,e sustajnabl,e basis. 

ACTIVITY: The role conservation 
organizations play 

ATL 

• · _ lnfcirm~ion literac·y:skil ls: :.-A·cd~s·s· infotrhatibttto be 
:'. informed 

. . . -

Scientific research ea n show the impact that humans 
are having on the planet and indicate conservation 
measures that need to be taken. Governments are 

the organizations that have the ability to make real 

change. lntergovern mental 0 1rganizations (IGOs) are 
established through international agreements. They bring 

governments together to work to protect the Earth's 

natural resour-ces. Organizations not linked to government 

also have a role in raising awareness of environmental 
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• Figure 10 .2'9 Protect the Earth 

issues and campaigning for change-these non­
govern mental organizations (NG Os) are not run by, 
funded by or influenced by governments of any country. 

• Find out about one JGO and one NGO. What are 
the strengths and limitations of each type of 
conservation organization? What features do they 
have im coimmon? 

• What are i1nternational conventions? Find an exampl1e 
of an international convention and research how it 
has affected attitudes towards sustaiinab Uity., 

+ Assessment opportunities 



ACTIVITY: How do we conserve species? 

Imagine you know of a species that is on the verge of 
extinction. What measures could you take to protect it? 

Look at the following photos that show a Sumatran tiger 
in two different situations. What do these photos tell you 
about different ways in which species can be conserved? 
What are the pros and cons of each approach? 

• F1igure 10.30 Visitors photo,graiphing1 Sumatran tig,ers 
in a zoo endosure. Th~s rare subspecies of tiger lives on 
the Indonesian is~and of Sumatra. Photographed at the 
Downto'J)ln Aquarium, Denv,er, Colorado .. USA 

International ,conventions have shaped attitudes towards 
sustainabnity. The UN Conference on the Human 
Environm1ent (whkh took p~ace ~n Stockho~rm, 1972) was, the 

first 11 me that the i ntemat~ona I corn mun~ty met to consider 
global environmenta~ and devei,opm1ent needs together. It 

,,ed to the Stockholtn Declaration, which ptayed an essential 
role in setting tarigets and triggering .action at both iocal 

and intem1ati on aj levels. These initiatives ultim1ate,~ led to 

the 1992 UN Earth Summit in R i10 de Janeiro, organized by 
UNEP,, whkh r,esulted ~n the Ri,o Dedarati1,on and Agenda 21: 

The Earth Summit was attended by 172 governmen1s 
and set the agenda for the sustainable dev,elo,pment o,f 
the Earth's resources. 

• The Earth Summit ~ed to agrreemen1 on two legally 

b1nding conventtons: the UN Convention on Biolog~cal 

Div,ersity (UNCBD) and the UN Framework Conv,ention 
on Climate Change (UNFCCC). 

+ Assessment opportunities 

• Fi,gure 10 .. 31 Wjld Sumatran tiger ~n ra~nforest 

• Agenda 21 wais an outcome, of the R~o Earth Summjt. It ~ s, 
.a blueprint for acdon to ach~eve .sustainable develop1ment 
worldwide,, t ,o be 1implemented at the local level. 

NG01s ar,e seen by UN E P as pta}'li ng a vita~ rol,e in 

implementing Agenda 21 . The ro~es of NGOs jn 

implem,enting Agenda 21 jnclude: 

col lecting informiation about conservation are,as 

persuadl~n9 politidans to implement sustainable 
development 

• ra~sing e,nv~ronimental awareness thr,ough prubUcations, 
local activitie·s, edluca1t1ion, TV and radio 

• working w1ith other NGOs; sharing informat1ion and bes,t 

practic,e; cr,eating ne,tworks; shaling r,esouroes. 
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In situ conservatio·n is the conservation of spedes jn thek 

natural habjtat. This means that endangered species, f or 

example, ar,e consen,,ed in the·ir natirve habjtat. Not on~ are, 

the ,endangered ani.ma!s protected, but also the habitat and 
ecosyst,em in whi eh they I ive, ,,eadi ng to the preservatjon of 
many other spedes.. In situ conservation works within the 

boundaries. of conservatJion areas 1or natu1re reserves. 

Ex situ conservation is the preservation of sp,edes outside 
their natural habirtats. This, usuallly takes place in ioos, which 
carry out c.apt~Vre breeding and reintroduction prograimm1es: 
• A smaU population ts obtained from the wiild or fr,om 

other zoos .. 
• En dosures for .a nj ma Is are made as si1m Bar tr0 the na1tur a I 

habitat as possible. 

• Breeding can be assisted through airt~ficiai jns,eminati,on. 

Botanic ,gardens also have a role in plant ,ex situ 
reonservation, where both liv1ng colllect~ons and seed banks 

are used t,o store ,gene,tic diversity. 

• Table 10~4 The str,engths and Umitati1ons o,f zoos 

They a Uow edlucat~on through 
vij sirts and so 1he p u bi ~c 
are 1more llikely to support 
cons·erva1ion c:ampa ign s. 

(31enetic m,on~toring can take 
p,laice 

They a How capbv,e breed ~nrg 
and re,j ntro-ducti1on 
programmies 

The num1ber of offspring 
surviving to adu llthoo d i1s 
higher, so spedes numbers 
increase more rapidly 

Siu dying s peciies i1n zoos 
aHows a better understandl~ng 
of these an ~1m1aJs., i eaiding to 
improved manag,ement of the 
Sipe-des outsi1de zoos 

They ,can be used as .an ·ark' , 
pre5,ervi1ng a spedes, unt4i 
its ha bit arts are prate cte d or 
restored 

lhera are· ,ethka~ arguments 
about keeping an imals in 
c.apt~v~ty for !Profit 

If the zoo is not rprropedy 
ma naig,ed, poor condjtrron s 
can I e.ad t,o psychollogka II a1n d 
phys~o1l,og1ica1I prob~e1ms for 
an;mals 

Zoo a1nmm1a~s m·ay be unable to 
adapt to ii ~f,e in the w~ Id 

They often focus ,on high­
prof1 le/cha ri1s1ma1tiic sped es and 
so can be !less successfu~ at 
sav~ng ·non-cudd~y' spedes 

S av1i ng a s pedes s hou ~di 
requi1re preserv~ng the .an~mal~s 
hab~tat" whkh als,o, benefits an 
other species 

A spedes can be· art Hid a Hy 
preserved in a zoo wh ~le its. 
natural habitat ~s destroyed 
(such as the g~ant panda) 
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SUMMARY REFLECTION 
What have you learnt about how humans are trying 

to protect nature and natural resources? How do 

conservation efforts support the health of different 

ecosystems? 

REVIEW 
• What ts meant by 'conservafion'? 
• What are the ai1ms of conservation? 
• What role do conservation orga nizations play? 
• What are the differences between IGOs and NGOs? 
• How have !International Cu111ventions shaped 

attitudes towards sustainability? 
• What is meant by 'in situ conservation'? 
• What is meant by 'ex situ consetvatJon'? 
• Evaluate the role that zoos and protected areas 

p1lay in conservation. 

Table, 10.4 sum1marizes the strengths and limitations of zoos. 

Table 10.5 compares the strengths and l~mirt.aUons of the 
two d~fterent approaches to cons.ervat,on. 

• Tablie 10~5 Stren1g1ths and limitations of in situ 
(protected ar,eas) and ex situ (e.,g. zoos) 

Pir,oteded 
areas 

Zoos 

Can con serve whol,e 
ecosystems 

AHow research and 
educatiion 

Preserve many habirtats 
and species 

Prev,ent hunting and 
other drstu~bance fr,om 
humans 

AUow f,o,r in situ 
con se rv,at1oni 

AUow c,ontroUed 
lbr,e edi ngi and 
1ma1intenance oi genetk 
divers1ity 

AHow r,eseairch 

AU ow f oir ed uca1:~on 

Eff ect1v,e protecti1on for 
1individua1!s and species 

C .an be expens~ve 

Dirffiiwlt to manage 

Subject 10 outs,~de 
f or,ce. s that are dirffii cuh 
to controi 

Dirfficuilt to estarbllish in 
the 'fii rs1 place due to 
pd itiica ~ issues/v,est,ed 
interes1s 

Have historkaUy 
prr,ef,err,ed popular 
an ~m1als; no,t necessati ly 
tho,s,e most a1 irisk 

Prob~em of 
re,n1:rodu dngi zoo 
an ~m,als t,o, w~II d 

Ex situ conservation 
and so do not pre s·erv,e 
native ha bj1ait of 
ani1mals 



DOES THE POSSIBILITY OF 
ECONOMIC GROWTH JUSTIFY 
THE OVEREXPLOITATION OF 
NATURAL RESOURCES? 
In this chapter we have· learnt about how hum,an population 

growth has put incre.asing1 pressure on the Earth's natura! 
resour,ces. Pollut:ion, overhunt:ing, the introducti,on of 

invasive species and habitat de,struction are aH putting 
species in danger and mal\dng our !lifestyles. unsustainablle in 

the l,ong termr. 

The ,e,conomjc growth enjoyed by 1many countri,es ~soften at 
the ,~xp~nse of the natural world. Ec,onomic growth reHe,s ,on 

the contJtnued exploitation ,of natural! resource,s, in partku~ar 
oil,. whkh fuels energy demands ~n MEDCs. Burning oil 
and other fossil fuels ~s ieading to dimate change, and the 

conbnued quest for more and more resources ln order to 
support the consumer~st sod,ety of MEDCs leads to both 

pollution and habitat loss. 

• Figure 10~33 Economic growth and the environment: 
p1oint1in9 in d~fferent di1recUons:? 

• Figure 10.32 A rulbb~sh tip indjcates how consum,ensm­
based sodet~es. have become, and the negative eff1ects 
they are havmg on the envfronment 

DEBATE: Does economic grovvth 
justify the overexploitation of 
natural resources? 

ATL 

-• :~9J1a·p9rat_i9n ,skilJs: liste_n a:ctiveiy to 9~her 
persp:ectives·_and ideas;· Ne_goti~t~ effective!y 

• Figur·e 10"34 A ~andfiU sit,e in Russia 
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From what you have llearnt in this chapter, you may be 

wondering why p,eop~e do not work harder to r,ed uce the 
neg:ati.ve impact we are having ,on the planet. !f you have 
a co1mfortable ll~est~e, how easy is i1t for you to change, rt, 
espedaHy ,t you know the damaging effect It is having on 
the ,environment? Peopte like to stay in th~r comfort zone 
and do not I irke chan9e. Shou Id govern mentsl theref o,re, 

create laws to make people change their behaviour ~n order 

to reduce the negative effects their lif esty1e is ha VJ n g? 

Organize two dass debates that address the following 

arguments: 
• Debate 1: To what extent shou ld economic g:rowth 

just:ify the overexploitation of natura I resources? 
• Debate 2: Should gove11nments create laws that 

requirre peo pre to alter thei,r behaviour in order to 
mitigate the· negative effects of human I ifestyles? 

Divide into two teams -one group will argue the "pro' 
perspective and the other the 'con' point of view. 

Following the debate reflect on the views of the 
opposing side. Did they have a valid point of view? 

Has your own position changed as a result of the debate, 
and if so why? 

+ Assessment opportunities 
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EXTENSION 
What does Figure 10.35 suggest to you? 

l Society ) 

• Figure 101~35 The concept of .sustai~nabillity 

SUMMARY REFLECTION 
What have you learnt about whether economic 
growth justifies the overexploitation of natural 
resources? Should governments create laws that 
require people to alter their behaviour in order to 
mitigate the negative effects of human lifestyles? 

DISCUSS 
• Discuss with your neighbour the issues rairsed in 

this section. Do you agree or differ in ·your points 
of view? 

• What have you learnt in this chapter about how the 
choices people make affect the environment? 

• How has the human population changed ove:r the 
past 12 OOO years and how has this affected the 
env iro nm e nt7 

• What human threats do natura.1 systems face? 
• What is pollution and how i1s it affe·cti1ng the Earth? 
• What is gl1oba I warming and what a·re the effects of 

climate change? 
• Does economic gro·wth justify the overexploitation 

of natural resources? 
• How can we conse1rve nature and naturaJ resources.., 

and e1nsure a more sustai'nable future? 
• What have you learnt about yourseilf as a balanced 

Jearner? What have you learnt about recognizing 
our interdependence with others and with the 
world in which we live? 



EXTENSION: Solar roadways 
Check out the future here: 

www .yo utube .corn/watch?v~q ITA3rn pgzU 

www.so larroadways .comlintro.shtml 
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SOME SUMMATIVE 
PROBLEMS TO TRY 
Use these problems to appty and 
extend your !learning in this chapter. 
These p robiems are desig1ned so 
that you can evaluate your iearning 
at different !evels of ach~evement 
~n Criterion A: Knowledge and 
under stand~ ng. 

THIS PROBLEM CAN BE USED TO 
EVALUATE YOUR LEARNING IN 
CR1TERION A TO LEVEL 1-2 

1 a State what is, meant by the 
term 'pol~ution'·. 

b State four gases produced by 
bum ing fossil fuels. 

c State one gas respon s1 b le for 
a1dd rain. 

Figurr1e 10.38 shows, envfron1ments 
affected by po! lution. 
d State which of the photos 

show the effects. of acid raj n. 

ii Suggest ho,w the effects of 
add rain could be r1educed. 

e i State which of the photos 
show the ,eff,ects of 
eutroph~cat1on. 

ii 'SiU gg est ho,w the effects 

of eutrophka1Ji on cou Id be 

reduced. 

A B 

C 

• Figur·e 101.3B, The ,effects ,of polhJt~on on the environ1ment 
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• Figure 10 .. 40 Changes 1in carbon dr,oxide concentration and temperature 
through tjm1e, 

THIS PROBLEM CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERION A T10 LEVEL 3- 4 

2 a The l1evels of atm,ospheric carbon di1oxide have been 
~ncreasingi durjng the past y,ears (Tablle 10.6). Outline 

the reason for this increase. 

• Table 100) 16 Chaing~ng levels of atmospheric carbon 
diox~de 

- - -- .~.--~ 
I ~h!lMUJ~ 

pre-lndustr1a1~ Revoiut1ion ievei 280 :t: 10) 

by mid-19170s 330 

by 19·90 360 

by 2007 380 

by 20113 400 

by 2050 (if current rate is maintained) 500 

b Outline the effects of increased carbon d~ox,de levels 
in the atmospher,e on the Earth's climate. 

c: 380 
(D 0 

"'C = -;:c= 
o E - .:.. 
~ [ 360 

-e ~ 
Ill nJ 
u c. ....... 
.::; C a, .2 340 
.c +.!I 
.. Ii! s 'E 
s:: 8 
~ s;;; 320 
<( 0 

u 

1960 1970 11980 
Year 

1990 2000 

• Figure 10.39 Changes in atmospherk carbon dioxide 
levels between 1960 and 2000 

c Fi9ur,e 10.3 9 shows data colleieted at the Mauna Loai 

Observat1ory, Hawaii. Thi1s is an atmospheri,c researdh 
stati1on that has been condnuous1y m,onitoring 
atmospheric change sjnce 1957. The atmospherk 
ca1rbon di rndde concentration shows increases and 
decreases, with lower concentrations ~n the summer 
months and higher in the w inter months. Apply 

your sdentifk knowliedg1e to sug,gest why these 

fluctuations occur. 

d F~gure 10.40 shows, fiucruations rin carbon d~oxide 
conc,entration .and temperature ov,er the geo~o9ical 

past up to, 1he· present day. 
Outline how these data couid hi3ve been 

collected. 

ii Out Ii ne whether these data a re evidence for 
,g1lobaJl ·warming caused by changes in greenhouse 

gias ,concentrations. 
3 Carbon d~oxide is a greenhouse, gas. 

a State the name of one other greenhouse ,g1as. 
b Outrine reasons why the 1g1r,een house gas you have 

n.amed in part a ~s increasing1. 
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THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRlTERION A TO LEVE 5- 6 

4 Describe how human activities are harmi11g the 

environmient. 
5 Biiocontrol agents can be introduo~d t,o control i1nvasjve 

' spec:,es. 

- Invasive species 

- Biocontrol agents 

- N'evv equ iii br ium point 

Time 

• Figure 10.41 Graph showing the ,effect ,of a bioc,ontro,I 
argent on an invasive sp,edes 

a Describe what 1s meant by the term 'invasive 
' , speoes . 

b Use information in Fjgure, 10.41 to sug:gest what is 
m,eant by the term 'biocontrol agent·. 

c Describe 1he r,esu~ts shown in Figure 10.41 and 

suggest r,easons for the patterns reaorded. 
d i Suggest what is meant by 'new ,equrnbriurn 

point;. 
ii sug,gest why the new equilibr1ium is important 

for maintaining the bioc,ontrol agent populat ion. 
e 'Suggest why bJocontr,oi agents must be carefully 

choSJen. 

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 
lEARNING IN CRITERION A TO LEVEL 7- 8 

6 Tropical rainforests are one of the 1most biodiverse 
,ecosystems ,on Earth. They are under thr,eat from human 

aictiViiti es. 

10 How do the chokes peo,plle make affect the environment? 

• Figure 10. 42 Defore.station ~n the Amazon ra i nf or est 

a Explain why deforestation in t ropical forests leads to 

loss of biodiversity. 

12 1 
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• Figure 10~43 Population growth in LEDCs and MEDCs 

Trqp~cal ra~nfrorests are mainlly found 1in developing 

countries. 

b Use informaitfron from Figure 10.43 to sug'9'est 
reasons for loss of tropical! rainforests due to human 
activities. 



7 The Sumatran rhino is a large herb~vorous animal found 

on the jsia nds of Su matrai and Borneo. Th er,e may be II ess 

than 1 0 0 i,eft in the w~ld. 

• Figura 10 .. 44 A Sumatran rhjno 

Sumatran rhinos c-an be protected ~n conservation areas. 

a Whkh of the f0Uowing1 conservat~on areas would 

be best for protecting the Sumatran rh~no?' You can 
sele<:t m10,re than one des1ign. Exprain yo,u r 
selection (s). 

o 0 o 
B D 

• Figure 10~45 A selection of reserv,e designs 

An area of forest in Borneo Gonta~ning Sumatran rhinos 
and other endangiered spedes is surrounded by a buffer 
zone. 

Zo.n e of prickly 
salak palm 

Zone of sugar cane 

• F1gure 10 .. 461 A buffer zone around a protected forest 
~n Borneo 

b i Sug1gest how the buffer zone helps protect 

endangered wildlife. 
ii Suggest benefits to, the lo,cai humian popu!at,on 

of 
1 1mainta i1n ing buffer zones. 
2 ma~nta in ing b~odlivers~ty ~n the protected! ,area. 

c Exp,lain alternative methods, other than protected 

areas, of conserv~ng Sumatran rhinos. Evaluate the 

diff,erent methods of consJerving1 the Sumatran rh~no. 
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Reflection 
In this chapter we have learnt about how 1he chokes. people make can affect 
the environment W,e have s,een how hum1an popuiat~on has changed over the 
past 12 OOO years and the impact this has had on the ,environment. We have 
explored the human thre,ats that natura1I systems face, and what we can do to 
alleviate these dangiers. We have discussed whether ,economic growth can ever 

justify the overexploitation of natural r,esources, and how w,e can conserv,e nature, 

and natural resources to ensure a more sustainable future. We have learnt about 
ourselves as a balanced i,earner, r,ecognizing our interdep,endle11ce w~th others and 

with the, world in which we li1ve. 

t~r.m11:.1.itl.W.n ..-:i"i rnM.;.';~~.-;~ • ..:.-1T,,;111dr~ 1nni'r;Ki11i11n~ n:;Te)l"d~ 
·-· 

Quest,ions we asked Answers we found 

factua l: How has human popullat~on growth changed over the 
last 12 OOO yeairs7 In wha1 ways do humans ~nflue111 ce or change 
different habitats? What is poUution? What is globa~ warming? 
In what ways do humarns overexpllort n a1:ural res,our~es 7 lln wha1 
ways do humans try to pr,otect narure and natural res·ourGe·S7 

Conceptua l: Why has popull.ation growth ,changed? Wha1 impact 
has human di1stunbance had on na11ural sys1ems? How ~s poll uti1on 
ha rm~ng the envi r,onment? Wha1 are the effects of d1i mate 
chang,e? How do huma,n llifest~es det,ermine the health of different 
ecosystems? How do conservat~on efforts support the he·alth of 
different ecosystems? 

Debatable : To what extent does the possibHity of economk 
growth just1ify the overexploitatron of natuiral resources? Should 
g,overniments crea1e laws that require people to ,al~er the~r beha,viour 
in order to 1mit~ga1te the negativ,e ·effects of· human li1f,esty~es7 

Approaches to learning you used ~n th is chapter: Descr1iptiion -what new skiitls 
did y,ou 1learn? 

Creativeathin king skills 

Critica 1 .. th inking skills 

Transfer skil Is 

Jnformation literacy skills 

Collaboratio n skills 

Organ ization skills 

-., 

Any 'further questions. now? 

How we'III did you master the 
skU!s? 

b 
Q) 
C 

I,_ 0 
~ dJ -...... ...... 

C: "t; t 
: ~ 

I,_ 

~ ~ 
c.. 

QJ >< 2 ....I 0.. L.1..1 

learner profife, attri1bute(s) Reflect on the· i1mportance of being bal1ainced for your !,earning 
in this ,chapter. 

iealanced 
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CONSIDER AND ANSWER THESE 
QUESTIONS: 

• Fi,gure 11 .. 1 A human eg,g ,on the t1ip of a pipett,e -
a needle is ~11serted into the nudeus to extract genetk 
mated al 

IN THIS CHAPTER, W WILL ··~ 
• Find out: 

• how doning1 and genetic modification occur; 

• a bout the impacts of bi otechno~ ogy. 

• Explore opportunities prov~ded by biotechnolog1y in 
industry and hea lth, and whether these deve,lopments 
arr,e fair for an. 
Take a,ctio 1n by wdt~ngi an ar1ide for a ne,wspaper, 
m agazi n,e or we bsi1te· ,a bout the is sues surrounding 
bi o,tech n,o logy. 

ethical 

manipulate 

modification 

technology 
transfer 

tra nsf o rmati on 

Biology for the I B MYP 4& 5: by Concept 



• Figure 11.2 CeH b~olog1ist ho~ding1 a flask containing 
s.t,em cells I: cu ~ti vat,edl 1i 11 red growth medium, to 
investig,ate disease 

These Approaches to Learning (ATL) 
skills wi!~ be useful ... 

. . - . . : ·,, ' 

• : 1n·fQrrnation literc1cy ski.II~ 
~ . ' • ' _·:' I : ' ,\;. • • 

• . Critrt:al~thi nking·s,Cills 

• · .creative-1hinki11g .. ski_li's .. 

_. ., qornmlJ. ni.cation ~k'ills 

• · c~ 11 a po ration · s ~i 11.s 

SEE-THINK-WONDER 
In this task, you are going to find out about the 
issues surrounding biotechnology. You will use this 
information to stage a class debate arguing the pros 
and cons of the new technology. 

Individually, see what you can find out about 
biotechnology: m c II I don in , g n ti 
modification, GM, biotechnology, genome 

mapping, bi a printing . 

Now develop arguments surroundi ng th is new 
technology. There are two key areas of debate: 
• The scientific debate: what techniques are possibte 

w ithiin biotechnol·ogy, given our current know ledge 
of biology? What shou ld science be reseatchi1ng,? 
ls there anythi.ng it shouldn't be 1resea rch'ing? 

• The ethkalJmoraJ debate: people may object to 
the ne·w techn1ol:o,gy because of re Ugi·ous beliefs, 
ethicaJ arguments or because they bel1ieve t hat 
changing' the 'DNA of humans or other organisms 
is contrary to naturem Others may have co n·cerns 
about where such rese·arch may take us. 

In pairs, develop arguments (supported by evidence) 

for and against biotechnological development. Decide 
in your pair who will be 'pro' and who will be 'con'. 
Note -these positions do not need to reflect your own 

personal opinion. Spend one lesson gathering your 

arguments for a debate. 

Now the whole class divides into teams-those 1for' in 

one team and those 'against' in the other. Exchange 

ideas and information within your team. How will 
you present your argument (e.g. PowerPoint, Prezi, 
speeches .. .?) Now hold the debate. 

As a whole group discuss: Will these developments be 
fa ir for all? 

Biotechnology invollves the us,e of biological knowledge 
and understanding, and is wher,e biiologi1cal pr,ocesses, 
organ~sms, cells or parts of ceUs are utilized to develop 
new techno,logies. New tools. and products devel,oped by 

b ~otechnol 09y a re u sefu ~ in re,search, .agrkultu re, industry 
and health. 

The technology and issues invo~ved in biotechnology can 
be controversial. Some people see the methods used by 
biotechnology as 'meddling with nature', whereas ,others 
bei ieve that the ends Justify the means. 
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The D1NA ~n the nucleus of ceHs can be manipulated in a 

varriety of ways. The, two main tedhniques are: 

• Cloning - where the DNA of on,e orgain~S!m ~s copied 

exactly into another or9a1nism (ther,e ris no iehang,e to 
1he DNA). Genes aire copijed within the same, species. 

• Genetic engineering or genetic modification (GM) 
(discussed on pages 283-288)- DNA is, modified so 
ihat a unique se,t ,of genes is produced. Genes can be 

swapped across sped,es (this is because DNA is found ~n 

all hv1ng things and is, therefore .. a univ,ersal mollecule). 

Selective breeding has, for thousands of years, 
been modi1fyjng the ,gene pools of spec~es by selecting 
favourable characteristics, pr,ov~dinig us with irmproved 
crops and livestock:, lead~ng to, diseas,e r,esjs.tance o,r 

improved milk yiield, for ex,ample. Genebc ,eng~needng 

provide5' a faster way to m,odify species by dir,ectiy 
lransplantingi genes for a desired characteristic into 

' an orgran1sm. 

• Figure 11.4 Baby tw~ns - natur.a,~ doningi 

WHAT IS A CLONE? 
C~oning made the head~ines when Dolly the sheep came 

into the world. She was the first doned mammat and 
peoplle began to specu~ate - if we can done a sheep, -then 
why noit done a human? What ethkal and moral issues, 
would this r a~ se? 

• Fig U're 11 &3 Professor Ian Wjlmut 
and Dolly. In 1996, Britilsh sden"bst 
Professor Ian Wi~mrut cr,eated 
'Do I ly I the w,orld 's first sheep 
doned from an adult sheep ceU. 
The celll nudeus was removed from 
,an egg ,ceH taken from1 a Scottish 
Blaclkf ac,e ewe. Next, an ad u It ceU 
from the udder ,of a 6-ye,air-,old 
Finn Dorset ewe, was cuttured and 
~njected into the enudeated egg 
,ce!II. A spark of e,ectliidty then 
fused the udder ceU with the egg 
cytoplasm1 and stimulated the eg1g 
to 1g1r,ow irnto, an ,emb ry,o in the 
womb of a surrogate sheep 
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• Imagine yo,u are a doctor ·in a hospi,ta I department 

dea ling with infertility treatmenit. 
• A cou.pl1e cnme to Y'OU who ·want their own children, 

but cannot conceive. They want children that a.re· 
gen eticaHy related to them. 

• The country in which you work has no law ag:ainst 
cloning huim,ans. Your team, decide to develop a 
techni1que for human cloning. 

• On an A4 sheet draw the stages that your team 
would have to go through to clon e patient 'X' {on1e 
of the couple who have come to you). Think careful1y 
about how you woLdd do this .. Use your knowledge of 
DNA .. the cell and what happens during meiosis and 

fertilization to help you. 
• What ethical issues are raised here'? Think back to the 

issues you explored in ·the activity on page 279. 

What natural examples of cloning occur during human 
reproduction? How are these clones (otherwise known 
as identical twins) produced? Could scientists reproduce 
these events in the lab, or are there other techniques 
that could be used? 

+ Assessrnent opportunities 

Ther1e ~s a vadety of djfferent types at doniing: 

• Embryo cloning/embryo s·plitting: Splitting c,eUs 
apart from a developingi embryo, before they be·come 

specialized, 10, produce, s,everat ident~cal embryos. 
• Nuc1lea r transfer: Tirainsferr1in9 a body c,eH ~nto an eg9 

and then stimuiatin9 cell div~s~on to produce an embryo, 
(Figure 11.3 and below). 

• Cuttings: Taking a smaH pi,ece of ste1m ,or le,af and 
growing1 it in the right condii~ons to produce a new pJant. 

• Tissue ciloning : Getting a few cef~s from a desirable 

plant to make <11 bigi mass of ide,ntkal cells, each of 

which can produce a tiny identica1 pliant. 

Clones can ailso be produced naturrany, by asexual 
reproduction. Th~s is reproduction that involves only one 
parent. There is no joiining of gametes and the offspring 

are 1genetkalily ridentical to the par,ent. 

The first vertebrate done was a frog - the nudeus of a body 

,cell was taken from an adult fr,og and placed in .an egig c,eU 

-the S11ze, of frogspawn made this possible. The first doned 
mam1mal was developed in 1996. Dolly the sheep became 

• Figure 11 .. 5 Embryo splitting 

• Figure 11.6 Gardener inserting hardwood cutting1s of 
the Orange Ball Tree (B'uddleja globosa) 1in a prepared 
trench. Ai I cutt~ ngs .ar,e from the same par,ent tr,e,e 

• Figure 1 ·1 ~7 Tissue cuhur,e can produce large quantiit~es 
of healthy plants jn sterile labor.atory cond~tjons 
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the most famous done when she was born at the Roslin 

Institute rrn Edi11burgh. A cell from the donor anim:a! was 

taken from a mammary gland and put i1n the egg ,of another 
sheep- the ferti~ized ,egg was put into the surrogate mother 
and DoUy was born (Figure 11.8). The production of a 
healthy done proved that a eel I taken fro1m a spedfic part of 
the body couid recreate a whole individual. 

What are· the benefits of don~ng? 

• Providing ne,w babi 1es for infertille couples. 

• Producin9 new organs for transplant that won't be 

rejected. 
• Helping ensure the· survi1val of ,endangered species, and 

bring~ng back ext~nct animals. 
• Produdng1 useful proteins in mHk t,o treat dis.eases. 
• Produdng11medically usefu~ animalls. 
• Produdng1 pdze agricultura~ anirnals. 
• Pet doning1. 

Sheep A 
Adu.It udder cell Nucleu s 

removed 

Mild 
e'lec:tri , 
shock 

SUM MARY REFLECTION 
• What have your learnt about how cloning takes 

pJa·ce? 
• What have you lea·rnt a bout how cloning can 

benefit farm·ing and agrjculture? 
• What do you thi1n k about these issues - to 

what extent should people be a11owed to clone 
.. ., 

o·rganrsms .. 

REVIEW 
• What different techniques are there to clone 

organi'sms7 List and outline three. 
• What is nu dear transfer and how can thiis be used 

to don.e ,organisms? 
• What are the benefits of doning7 What are 

potentia I probl,ems? 

What are the is.sues concerned wirth doning7 

• Many ,embryos were, m~scarried befor,e DoHy was 
produced. 
A large number of ,embryos. are destroyed in this 
technology, although 1in the future thjs wastage level 
may not b,e so 1h ~gh. 

• Rel~gious. or ,ethkal beliefs. stat~ that it is wrong to 

interf1ere with nature. 

• Many believe that it ij5 w r,ong to destroy or tamper w ith 

embryos. 

The me,thod reduces 9enetk variation . 

~-: . 
__ .. _ .. (_, .,, __ .. _ .. ,,-;:,~;';"1,-J 

!I.I r-)1{ 
Nucleus from sheep A fuses with 
empty egg from ~~eep B and 
starts to divide to fo rm an embryo 

The c1oned embryo is Lamb born is 
implanted into the uterus clone of sheep A 
of sheep C 

~ -
...-.----"/ 

I
( 1· 
~ .. •:--.. -· 
Sheep B Mature 

ovum 
Empty 
ovum 

• Figure 11.8 Nudear transfer produces the1 don,e of the 
donor anjm,al not the surrogate mother, as the DNA 
comes from the donor and the surrogate·'s DNA is 
rermoved f ro,m the ,egig 
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WHAT IS SELECTIVE BREEDING? 
Se~e,ctirve br,eedjng prov1ided Darwin with evidence to support his theory of 
evolution by natural selection (paiges 173- 18S). Humans have, created 
hundreds (1if not thousa1nds) of varjeti,es of dffferent specie$, ,generallly used for 
food, by selecting desirable chara,ctedstics in organisms and then cross-breeding 

with similar ind ~vidua Is. 

Apples that are sweet 
Wirth good taste 

X 

App I e s that are large Apples that are large and 
sweet with good taste 

Pollen is removed from one t ree ind transferred to another: thts ensures that the desi'red 
characteristics of one are combined wit h those of another. Humans have, therefore, se1lected 
which trees will! reproduce. i.e. artificial setection has taken place. 

• Figure 11~9 Selective breeding has produced apple varieties from a1 
wi~ d species 

ACTIVITY: Selecting different vegetables 

ATL 

• Critkal~thinking. skills:_ D,raw reasonable condusions -a_nd '.gen.era.lizations· 

Look at the following diagram: 

Wild mustard ip ant 
(Brassica oleracea) 
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• What does this diagram teH you 
about the origin of everyday 
sources of food? 

• What other food that we eat daily 
:is the resu 1lt of sim.ilar selecti.ve 
breeding? 

• Can this be seen as a form of 
'geneti:c m odificati,on'? 

• Figure 11.10 Sel1ective breeding 
o,f wild mustard to cr,eate different 
types of vegeta bi e 



ACTIVITY: Selecting for different breeds of dogs 

Now think about different breeds of dog, and their wolf ancestor. 

• F'i'1gu1re 11'"11 Different br,eeds. of dog and their wolf ancestor 

Selective breeding works in the following way: 
• Choose and anim1a 1I or plant with a desired feature, torr example la rge si.ze. 
e, Mat e this individua I with another that has sjm ilar desirable characteristi,cs. 
• Identify t he offspring t hat have inherited the desi1red gene. 

• Cont inue to breed using selected o·ffspring - do not allow others to mat e. 
• This ·increases the number of an:imals or pilants with the desjredl feature. 
• Cont i1ffue o,ver 1m,any generations~ 

Use these ideas to explain how 

selective breeding, over many 
generations, could lead to different 
varieties of dog. 

Pick a breed of dog, such as the St 
Bernard, and outline which features 

you would select to breed this dog 

(the St Bernard has been bred to 

rescue people in the snow-covered 

Alps-what characteristics would this 
dog need?). 

Selective breedingi can be seen as the oriiginal 'genet,c 
m1odificatio,n' ~ something that today ,can be achieved much 
more· rapidly (seleretive, breeding1 take·s m,any generations) as 

we w il I expl,ore in the next sectj on. 
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European age breeas 

• 

... 

Herding I Ancient Asiatits I Modern wolves 

Hound I I Working I 

• Figure 11.12 Breeds of dog are the result of selective br,ee,ding from a 
wolf ancestor 

SUMMARY REFLECTION 
• What have y,ou learnt about selective breeding? 

How does it differ from natural sel1ection? 

• How have different breeds of dog<been selected 
from ancestor wolf populations? 

REVIEW 
• Why is se lective breeding ca,rried out? 
• When breeding cattle, what features might be 

selected? Which o1fsprin g· would be used for 
further breediing,? 

• How is selective breeding of value to farmers? 
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WHAT TECHNIQUES ARE USED 
TO MODIFY GENES? 
,Genet~c modification nvo,kt,es the· trainsfer of a gene from 
one organism1 into another. 

• G@n es a r@ removed and ~ n s,erted u sing1 sped a~ enzymes. 

• Genes. are transferred from1 one organ1is,m to another using a1 vector. 

• We have s·een ~n Chapter 1 that bacteria contain smaH drdes of DNA c.aUed 
plasmids. Plasmids can be used as vectors .as they can easily be removed 
f ram bacteria. 

Here is. how ~t works: 

• f igu;re 11.13 Mod~fying genes 

• f igure 11E14 Genetic modjf~cation 
~n ba cteriai 
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ACTIVITY: Using GM technology to produce insulin 

Diabetes is a condition in which the body cannot control 
blood sugar. Usually after a meal, insulin (a hormone) 
is released from the pancreas and t ravels to the liver 
and muscles where it instructs cells to convert glucose to 

the storage molecule glycogen . People with diabetes 

cannot produce any or enough insulin and so their blood 

sugar remains high - they must inject insulin to ensure 

their glucose level returns t o a safe level. 

Traditionally, insulin was removed from livestock 
following slaughter. This was not ideal, as animal insulin 
is not exactly the same as human insulin, and also a lot 
of animals were needed to produce only small quantit ies 

of the hormone. Biot echnology allows human insulin to 

be produced in large quantities by bacteria. 

How does this work? Use the information out lined here 
t o prepare a guide to producing human insulin using 
genetically engineered bacteria. 

• Your guide should! include the picture (figure 11.115) 
and glossary provided and a btdlet-pointed method 
for how to carry out the e1ngineertng·. 

• Your method sho u Id use a II. the words from the 
glossary. 

• Use the followi·ng diagram, to help you. You win need 
to add labels and explain what is happe·ning .. 

C 

0 

I 

restriction enzyme These enzymes are found in 
bacteriia and are used to destroy vfruses. They cut DNA 

at particular sequences 1,eavingi 'sticky ,enrds'. 

DNA ligase An enzyme, whjdh can connect pieces 

of DNA togeth er. They ,can be used to "stick ' a gene 

into a vector such as a piasm~d. 

plasmid An independent1y repUcating drde of DNA 

conta~n~ng a few g,enes. They are found in bacteriia 
and can be used to carry genes ~nto a suitable host 

bacterium. 

vector Something which can carry DNA from1 

one organism to another. Examp~es are Vtruses 
(Figure 11.16) and plasmids. 

host bacterium A bacteri 1u1m which can be 
modtfied by adding g,enes using a v1ector. It ~s then 

aUowed to mL.1ttip1ly to produce llots of copies. 

sticky ends When a staggered cut js made in DNA 

by a restdction enzym,e, the exposed unpaired bases 

can pa~r wah complenientary bases on another 

strand of DNA which has been cut w~th the same 
r,estrictiion enzyme. These exposed bases are caHed 
stidky ends. 

-------------------~ 

+ Assessment opportunities 

o--------

lnso'lin --i 

• Figure 11~15 ,GM product~on of insullin 
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EXTENSION 
Other methods for transferring genes from one organism to another 
are shown in the following two diagrams. Can you work out what is 
going on? Add labels and annotations to these diagrams. 

) 

• Figure 11.16 Viruses can act as vectors. They can 
,carry the DNA of one organism and 1insert ~t rinto, the 
DNA of another 

SUMMARY REFLECTION 
• What have you learnt about the techniques used to 

modify genes? 
• How does the modification of gene·t,ic i·nformatio11 

influence human liifestyles? 

• figu,re 11 .. 17 P~asmjds are used to 1insert a gene ~nti0 
ceU tissue ,c ldtu re 

DISCUSS 
• What js meant by 'genetic modification'? In what 

ways is jt dnferent f.rom cloning? 
• What ·is meant by the term ·vector'? Give an 

exam pie of a vector. 
• Explain to your neighbour how g,enetically 

1modified bacteria can be used to produce large 
,quantities of insu Ii n. 

• Discuss in a s,ma n group how genet1k e ngi nee:ri,ng 
could be used to treat genetic diseases such as 
cystic fibrosis and Huntington's disease. 

You ,could us·e these search terms: g netic di easel 

untington·s, cystic fibrosis, g ne th rapy. 
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TO WHAT EXTENT SHOULD 
GENETICALLY MODIFIED 
ORGANISMS BE USED 
IN FARMING AND FOOD 
PRODUCTION? 
We may take a healthy diet for granted~ but 1in parts of -mhe 
world thjs is not tile, case. Water shortages and droughts, 

outbreaks of crop pests aind poor food storage, 1can 
mean thait in parts of the, wodd, a baia need diet is hard to 
come by. 

1Genetic modification provides the opportunity no,t onfy to 
make crops grow better in harsh climates {e.g. make them1 

disease, pest or drought resistant) but a~so the abiHty to 

~nsert genes that add ,extra nutrjents to, plants. In many lless 
economkaHy deve~oped ,countries (LEDCs), where rice is 

the maiin food, iron and vitam11in A defiidencies lead to high 

death rates, and rnness in m,others and children. G,en,eti1c 
modtfication of ric,e to 1incre·as,e the availabiUty of these 
nutnients can help to reduce the scale, of these defidency­
rei ated di1seases. 

Researchers have succeeded in geneticaHy modifying rke 

to en ha nee its v~tam~n A and i ran content. These, new 

varieties ~Ill be made fr,e1ely availlabl 1e to locall dGe farmers 

for pll.anting. 

R,ead about geneticaU~ modified food and its benefits 
her1e: 

http:lltea rn .genetics.utah.edu/content/science/gmfoods/ 

www.eufic.org la rt ic lelen/f oo d-techno Jog y/gm os/a rt id/ 
i ro n-vi ta mi n-a-gm-r ice/ 

• Figure 11.,18 Trans,genic rice research: researcher 
working Wlith transg1eniic rice (Oryza sativa) p~ant 
seedlings. Genetic modif~cation is the process of 
~ntrodudng a giene from one organjsm - callled a 
transgene - into that of a different INing ,organ~sm 
so that the organism wi ll exhibit a ne·w property and 
transmjt that property to its offspring 

• Figure 11~19 Trans9enic rice ~n field t,est 
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Read about how transgenic animals 

c:an be produced .and how they can be 

used to bene·fit humani1ty: 
http: II I earn.genetics. ut ah. e du/content/ 
science/pharm ingl 

·Genetk mod~ficatJion is not without 
controversy, how,ever, and there has 

been a h~story of anti-GM protests 

from1 (m1ainly) ,environmental groups. 

But are their concerns valjd? Shouldn't 

the potenti,al to feed an ever-increas~ng 
world population by using avaUable 
techno,ogiies overcome any posS1ble 
objections? What do you thjnk? 

ACTIVITY: The GM debate 

Research an animal or plant that has been genetically modified. What are 
the benefits of the transgenic species? Have any problems been identified? 

What scientific research has been done to examine any possible impacts of 
the GM species in the wild? 

Now research the GM debate and come to your own conclusions: GM 
ebat I GM 0, Mons" nto, Mark yna 1 • ran kenf ood ', transg n ic. 

Do the benefits outweigh any possible objections? Are arguments against 
GM based on scientific research? 

You can use your research in the activity on page 297. 

+ Assessment opportunities 

SUMMARY REFLECTION 
What have you learnt in this section about how GM technology can be 
used in the food and agricultural industries? What have you learnt about 
the debate surrounding GM technology? Do you think that the controversy 
is warranted? 

DISCUSS 
Di1scuss with your neighbour about a transgenic crop or animal that you 

have researched. How do the case studies compare? 
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What are the possible consequences of developing 
biotechnology?- What role do personal beliefs play? 

HOW CAN HUMAN MANIPULATE GENES 
TO CREATE NEW TISSUES? 
Stem cel ls are used in the body to rep~.ace, worn out or faulty ,celll5. Stem-ce,HI 

technol,ogy has been used for more than 20 yeairs in bone-marrow transplants, 
wher,e the patient's bone-marrow stem ceUs are replarced wirth those from a healthy, 
matching donor. If the transplant ~s successfiul, the stem ceUs wi1III migrate tnto the 
panenfs bone m.arrow and begin producing new, h,ea1lthy blood ieeHs to rep,ace the 
faulty cells. Stem eel ts offer even more potential, however, If they can be us1ed to 
produce a variety of ceH and tissue types. 

As we have seen 1in Chapter 1, stem1 cells can be dfrected by the body to 
d~fferentiate (dhange) into over 200 spedfk ce,H types. Stem-ce,U research is, in 
particular; s,een as holdinig the key to many m1edical ~ssues, from spina~-c,ord injury, 
stro~e, burns, heart disease, to diabe,tes and arthrit1is. 

R,esea1rch using1 stem n~Us is controversi-=1t with r,ese~rch us.ing1 some types of 
stem1 ce,Hs more questionable than others. Some p,eople, however, see these 
technolog1~es as 'meddling w~th nature'. They rajse mora~ and e1hkal issues that 
question the new techno~ogies. Embryonic stem ceHs curr,entlly hold the best 

potentia~ for research as they can different~ate into all ce,H types - eggis. remain~ng 
from1 infertrnty treatment, for examplle, can be cultured in the laboratory and stem 
cells removed - this proc,ess will des1roy the embryo. People who object to ~his 
techno~ogy argue that under natural conditions .. the embryos would go on to, 
form a baby, whereas proponents argue that unused harvested embryos woulld 

anyway be de,stroyed and that,, u~imately, the ends justify the means. 

Now let us jnv,estiigaite how this new technology ~s being dev,eloped ~n novel and 

excirting ways. 
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eth~ca I issues.? 



ACTIVITY: The ethics of stem 
cell research 

ATL 

• I nform,c1tion literacy. ~kftl~: .A~~ess i 11f:qqnaJipn ·tc;, 
be.: i nfor·nte.d. . ' . . .. 

• -:'Crit_k.~l~t.hlnking ~.kills: ~onsid~r J~eas frqm · 
.,muit1 pie ,perspectiv'es· - . . .· 

Early in his first term, President Ba rack Obama ended a 

ban on federal funding of stem cell research. Obama's 

decision is a sharp reversal of the policies enacted by 
President George W. Bush. 

There are dear benefits of stem .. cell research, but 
many ethical issues are also raised. 

' 

Find out about the ethical issues surrounding stem-cell 
research: emtrryonic stem cells, 4-days+embryo, 
Hum n Fertilisation nd Embryology et in 1990., 

human clonin . What are people's concerns about 

stem-cell research? Could future developments in stem 
cells alleviate present concerns? 

Write a summary statement of what you have found 
out on one side of A4. Do you think that the benefits 

of stem cell research outweigh any concerns people 

may have? 

+ Assessment opportunities . 

You c.an use your research in the activity on page 297. 

BIOPRINTING 
3D-tissue and organ pr~nting ~s a new and novel way of 
utUizjng stem ceHs. Th1~s biotechnoiogry could r,evolution1ize 
surgery ,and the repllacem,ent o,f faulty or9ans that are 
curnmtJly r,eplaced by transplant. 

30-bioprinting is be~ng applied to address the need fror 

tis~ues and org!ans suitable for transp!antation. s ;oprinters 

use i nkjet needll,es to dell rrver eel Is, a sticky polymer (that 

forms a support structure) and pressur1zed air. A smaU 
e~e-ct6c fielld is appl1ied that ,converts the 1mixt ure into 
superfine threads with c,eUs trapped ~nside. 

B~opdntJng j5, far more compl,ex than non-b~oli091cal printing1 
- it 1invoives the s,ellection of the ,correct c,ells, m1atenials to 
project these onto, the use of factors t hat help stem ceUs 
grow and differentiate in the correct way, and technical 
chaUenges related to the sens1tivit~es of Hrv1ng ceUs and 

the cons1ruction of t~s,5ues. S,ev,erail difterent techno~ogies 
need to be combined tog,ether to 1mak.e this work: 
engineerin9, b1omaterials sd1enc:e, oelll b~o,logy, physks and 
medidne. 3D-bjoprin1ing ha1s already been used to mak~ 

and transplant several tissues, indud~ng skin, bone .and 
heart tissue. 
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• Figure 11 .. 21 Stdn-cell printer. Printer nozzl1e (top centre) depo,sits skin ce,~s 
onto wellls containing alginate growth substrate. Bioprinters such as this 
could one day be used to 'print' artificial tissues and organs for us,e jn surgery 

CeUs 

1 Stem ceUs from the patient are put in a 
growth. medium so 1:n ey ea n mu lt :iprry .. When 
suffident eel,ls are ava ilab·le they are put rin to 
b~opr inter ea rtridges. 

8io,inik 

2 The ste,m ce l.ts fo;rm what c:ari be termed 
a 'bi oink' which I o nee loaded into cartr.id ges, 
can be used i:n the bioprirnting process. 
A ca.rtridg e is made from a eh amber 
attached to a long· extrusion nozz,le fitted 
with a syringe. 

• Figure 11.22 B~opri1ntin9 

__ ,. 
ii._, , - ~"'.....-P,...~ ... - ·" :I' .. ..........__ _ ........ _p 
'L:.,. ~~..J!,... ' 

..c.. .. ~ ... ~1 ., 

3 The bioprinter is driven by softvva,re that 
lays dO\IVn the stem cel:ls in precise patterns, 
C e'lls ea n be purt down in !layers i nte,rspersed 
with a water-based ma.teri,al called hydrogel, 
which forms a tempo.rary mould around the 
cells. Sticky polymers can also be used to 
form a scaffold for cells (see Figure 11 .23). 
The scaiffoldingi material is laid down by 
se para,te nozzles on ·the bi1op r inter. 

4 The pnnted 
ti,ss ue is 1

1 eft to 
g:row. 

5 The printed tissue can 
be used in t rainspJan ts or 
tn m ed i ca,I research. 
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SUMMARY 
REFLECTION 
• What have you llearnt about 

how huma1ns are manipulati·ng 
genes to create new cells, 
t i,ssues and organs? 

• What are poss.ible 
consequences of developing 
and a

1
pplying 1m,ore 

biotechnology? 
• How do people's personal 

beliefs and values 
influence the deveJop1men,t 
and appJication of 
bi ote chn o ·l·o g ica I techniques? 

DISCUSS 
D1iscuss in a small group the ethics 
of stem,;ocell research . Do you 

agree or disagree? If your views 

differ, why is this? 



Lab-grown tissues and Oligans can be made by creating 

artificial scaffolds in the shape of the desj red o,rgan and th,en 

addi ng1 living ceHs to the, scaffold. The tedh n ique has been 
used grow artifi dal bladders ii rst imp l1anted ~n patients j n 
1999. B~oprinters would aUow both an artificial scaiffo1dl and 
Hv~ng ceUs to be assemb~,ed at the sam1e. Biopnnting lays down 
fayer after layer ,of live ceJ,s to form human tissue. The m,ajor 
problem in creating tissue has been making the vascu~ar 
system (that is the blood supply, Vfa arteries., capHlaries and 
veins) needed to proviide ceHs w1i1h oxyg,en and nutr1ients. 

• Fi.gure 11.23 B,io~artifidal tissue s,caffo~d. This tijssue 
has been created by 'prin1in1g' a st~ck.y polymer mixture 
through fine i1nkjet noz~es. The techn~que useSi three 
inkjet need~es !located insjde one another ta separatetiy 
deliver ,ael~s, a v1isaous potymer and pr1essuris·ed air. 
This technique arra n9es eel ls more predsely than other 
bioprinter technologiies. Bioprinters could ,on,e day bujld 
artificial tissues and or,gans for replac,ement organ surgery 

• fjgure 11 .. 24 Researcher holding a1 sample of bio-arbf i1dal 
tissue created by 'pr1inting'' a mixture o,f liv~ng1 cellls and 
sticky polymer into a tissue scaffold. The techn~que uses 
a smaU ,eiectrical field that causes the drop~ets to dispers,e 
as a superfine thread with ceHs captured ins~de 

ACTIVITY: Poster on bioprinting 

Produce a poster or information leaf let about 
bioprinting. Use your knowledge of stem cells to 
explain how tissues and organs can be created: 30 
tissue printers~ bioprinter, tissue scaffold, organ 

and tissue transplant. 

How does it work,, and what potential does it have for 
medical research and treatment? 

Make the poster visually interesting. 

+ Assessment opportunities 
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Who should control .genetic material? Should income 
determine a person's acce.ss to medical treatments? 

SHOULD GOVERNMENTS 
FUND BIOTECHNOLOGICAL 
RESEARCH ON STEM CELLS 
AND GENETIC MODIFICATION? 
In 1990., work on 1he Human Genome Project (HGP) 

got underway. The project was an international s.dentrr1c 

research prqject - its aim was to determine the sequence of 
the 3 biH1on base pairs whkh make up the DNA of humans 
(the human genome}. The project was dedl<31red compliete 

~n 2003, whh the human genome· having been ·successfuUy 
been m.ap ped. 

Read t ,en facts about the HGP here: www.sanger.ac.uk/ 
a bo ut/p res s/2001 /pu bli cat io n2001 If acts.htm I 

¥ou can read an ~nterview with Professor J. Craig ·ve11ter, 

one of the first sd e11ti sts to sequence the human genom,e 
(and who was lead sdentist iaf the Harvard group who first 
crr,eated synthetic I rte - se,e Chapter 1, page· 2 2 }.r here: 
www.wired.co.uk/magazi ne/arch ive/2013/ 11 lfeatu res/ 
j ~era i g ~ve nte r-i nte rv i ew 

But why sequenc,e 1he entire human genome? Other 

than being of obvious sdentifk interest, what practical! 

app,l~cations could this have? 

THINK- PAIR- SHARE 
Di·scuss this question with your neighbour - use your 
knowledge of DNA to hypothesize why sequencing 

the human genome was such an important 
break.through (and the reason why it received such 
extensive funding). 

• Figure 11.25 Research on the human gienome. A light 
m1kroscope is us.ed 10 do fine mapp~ng of long DNA 
fra9m,ents on hum.an chromosomes: the chromosomes 
appear i1n red on the mo111itor scr,een, while the DNA 
fragments (called probes) appear yell 1ow/gr.een. Mappingi 
chromosomes. ma1y be n2·garded cts c1 physical survey 
of each chromosome t 10 find the locatJion of genes. 
The genom,e project was an ambitious plan to build a 
complete blueprint of human 1genetic information 

EXTENSION 
Read about the Human Genome Project: 

http:/lweb.orn l.gov/sci/techresourcesJH u man_G enamel 
index.shtml 

Information about HG P and ethical implications: 

http:/Jghr.nlm .ni h.gov/ha ndboo klhgp 
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ACTIVITY: Human genome: 
using nevv technology to treat 
genetic diseases 

0 
genome mapping Methods u-sed to ffndl the e,xact 
toca1io,n of a g,ene on a dhro,m,osome. 

Genes code for proteins, and sometimes, as we have 
seen in Chapter 6, they can go wrong. Mutations can 

lead to faulty genes that lead to the wrong protein 
being made - · this can resu It in genetic disease. Cystic 

fibrosis, for example, is the result of one faulty gene on 
chromosome 7. 

The HGP opened up new ways in which genetic diseases 
could be identified and treated. 

• Researchers can make a genetic map of a patient 
with a genetic disease by collecting· saimples of blood 
or tissue. Th is can be compared to a genetic m·a p of 
famil·y members who do not have the disease~ 

• Scientists dosety compare the DNA, looking for 

unique patterns in the DNA of the patient- any 
differences may be due to a mutation in the genetic 
code. The gene causing the disease can be identified . 

• Once the gene has been identifi.ed , tt·eattn,ent can be 

targeted more accurately. 

Your task is to find out more about gene therapy and 

record your findings on a poster. How can knowledge 

from the HGP be applied to treat genetic diseases? 

Access these sites"' or others you can f ind, t,o gather 
i nform.ati1on: 

http:'J/learn.genetics.utah.edu/content/genetherapy/ 

http:J/kidshealth .org/parent/sy tern/medical/gene_ 
therapy.htm I 

Read f urther about how kno~edge of the, g,enome 

c,outd lead to sp,ecific m1ed1ical treatment here: 

http:1/learn.genetics.utah.edutcontent/pharma/snips/ 

+ Assessn1ent opportunities 

Present your findings to your class. 

• figu·re ·11.26, Computer analysis 
of DNA sequences of a human 
chromioso,me. This computer 
screen shows the variat~on ,of 
the four d~fferent organic bases, 
thymine (T), guanine (1G), cytos1ine 
(C) and adenine (A). The ,gene 
being examined was selected 
because of its role in transplant 
rejection. This researd1 f1S part 
of the human genome project, 
ai worlldwide study ,of the tota ~ 
collecdon of hu1man genes 
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ACTIVITY: Class debat1e 

At the beginning of this chapter you debated the issues surrounding 
biotechnology. Now that you have learnt more about the technology and 

its issues, it is time to return to your initial arguments. Look back at the 

material you prepared for the debate -what have you learnt during the 
course of your studies and has it affected your understanding and views of 
this new technology? Have your views changed? 

Here are some questions for you to think about: 
• Should governments fu1nd continued lbiotechn10Jog,icai research on stem 

ceUs and genetic imodifkation? What are the pros and cons of such 
rese·arch'? What etlh ica1l 1issues do they 1ra.ise? 

• Who shoufd have the power to modify a,nd control geneti'c materi;a[? 
o Currentl·y, g'overnments deci·d e policy, but sho ulld it be left to the 

i nd ivjd ua 1I to dedde? l,s there a case for a g1lo bal, set of ru1es that 
apply to all, coordinated by the United Nations? 

• To what extent should income 1·evel determine a person's access to 
medi'Cal treatments that involve applying the products of bi·otechnology? 
o Biotechnological resear(h is expensive. WiU breakthroughs in medical 

treatment be avai.labte to everyone, or wiU only peopJe who ca.n 
afford it ultimately receive the ful.l benefit'? 

o Wi'II a 'haves' and 'haveanots' society em,erge7 

You can use these search t ,erms: stem ceH s .. cloning .. genetic 
modifi ation, GM, jotechno,logy, genome mapping. bioprinting, 
biotechnology, thical issu s. 

The debate could be framed around the question 'Should governments 
fund continued biotechnological research?', with one half of the class 
arguing for this proposal and the other half arguing against. 

• The class sfrlourd be divided .into two groups. 
• Spend at least two lessons gathering infor,mation and framing your 

arguments~ 

After the debate, assess how different it was from the earlier one you held. 
If it was very different, why do you think this was? 

+ Assessment opportunities 
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SUMMARY 
REFLECTION 
• Have you changed your 

opin iorn about whether 
governments should fu:nd 
continued hiotechno1ogi!cal 
research on stem cells and 
genetic modification? 'If not, 
then1 why do you thi11nk this is7 

• Wbo do you think should 
have the power to mod.ify and 
control g,enetic material'? 

• To what extent do you think 
in come leve11 will determine 
a perso.n~s access to medical 
treatments that invol've 
applying the p·roducts of 
b·iotechno logy? 

DISCUSS 
Discuss the outcomes of the 
debate with the rest of your class. 
What do you think you have 
learnt from the debate? Has it 
changed anyone's opinions about 
biotechnology? Do you think that 
these developments will be fair 
for all? 

• What have you learnt in 
thjs chapter about how 
biote(hnofogy i's used to 
change and transform genes? 

• How does biotech.no 1logy 
create new options, cho·ices, 
and opportunities jn industry 
and heaJth7 

• Do you think that the 
op.portunities cre·ated by 
b iotechno'logy will be f ai:r 
for all? 

• What have you learnt about 
yoursel·f as a communkator? 
What have you 11ea,rnt about 
e~pressing yourself confidently 
and creative·ly? Have you been 
able to collaborate efifectiive1y, 
listen.ing ca refully to the 
perspectives of others? 
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SOME SUMMATIVE PROBLEMS 
TO TRY 
Use these p r,o blems to apply and extend your leairni n g in 
this chapter. Thes,e probl,ems. are designed so that you can 
evalluate your ~,earn~ng at d~fferent leve~s of achjev,ement in 

Criterion A: Kn owi,edge and u 11 dersta nd ing. 

THIS PROBLEM CAN BE USED TO EVALUATE YOUR 
LEARNING IN CRITERIO N A TO LEVEL 1- 2 

1 State what js meant by Jd oningi'. 

b Match up the foU,owingi defin i1tions: 

A Embryo 
doning 

B Cutt~ngs 

C Tissue 
doning 

1 Reproduct~on that invo kle5 on lry one, parent 
There ls no joining ,of game1es and the offspring 
are genetkaUy identical to the parent 

2 Splittin,g ceUs apart from, a deve!op~ng 
embryo, before they became speoial~zed, to 
produc,e sev,era I ~ dentkal embryos 

3 Taking a smai ~ pi,ece oi st,em or l,eaf and 
,grow~n g it ~n the r~gh t conditions to produce a 
new plant 

D Asexual 4 G,etting a few cellls fr.o:m a des1iraib,e· p~a,nt 
rep,r,odlu ct~on to, m.alke a, ibjg mass of identkal cellls . ., ea,ch ,of 

whkh can produce a 1t1ny ~d!entical p~ant 

c The diagram below shows a method of produdng a 

large number of plants whjch all look the same,. Cellls 

taken from the bud can be split ~nto m,any groups. 
Each group o,f ,ceUs is then grown undejr tt1e same 
conditions. 

Sam~ J,igh t i1nten s i ty 
_ same -mm p€'r a ru re 

C eJJs from same amount of water 

~ a bud) 
Grown into 
many plants 

Parent pJant 

• Figure 11.28 Cloning a plant 

i State three advantag,es of cloning rather than 

using seeds. 
ii Suggest thr,ee reasons w hy plants produc,ed by 

this m,ethod wrn aiU look the same. 

THESE P1ROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNING IN CR ITERJON A TO LEVEL 3-4 

2 Outline the diff.erenc,es between doningi and g1ene:tiic 

mod i1fi cation. 

3 Figure 11.29 shows the process of doning rin sheep. 

~~~ fllack-faced sheep 
\ ·~--~ 
\ { 

I ,-_ j 

Remove nucleus 

r· -,. 

Egg f,used 
~!llllllllli..:with cell 

Embryo 

. '\ 
~ . 

'\_ 

Implant 
embryo 

\ ? ... ______________________ _ 

) 
\ 

• figure 11.29 C~onjng1 ln sheep 

a Predict the coi,our of the bla,ck-f.aced sheep's 
offspring. 

b 'Suggest two ways in whkh this method is different 

from the normal me,thod of reproducbon 1in sheep. 
c outline a diiferent method of don,ng ani1mals to the 

one shown in Fi9ure 11.2.9. 
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• Fig u,re 1 t. 30 Transg,enk sheep 

THESE PROBLEMS CAN BE USED TO EVALUATE YOUR 
LEARNtNG JN CRITERION A TO LEVEL 5-6 

4 F~,g1ur,e 11.30 shows a sheep thdt has. been genencallry 

modified to oontain a human gene for making a human 

pr0rtein in its m~i k. 
The protein 1in its milk ~s a1lpha-1-antitryps1n (AAT). 

Heredirtary defidency of AAT jn humans leads to the lung 

disease emphysema, aind affects about 100 OOO people 
in the western world. 
a The process of g,enet~c modification used to produc,e 

1h~s :sheep involves the use ,of two type,s of enzyme. 
One enzyme cuts DNA and the o,ther enzyme joins 

DNA. The process al ~o used a v,ector. 

i Name the enzym,e tha1t cuts DNA. 

ii Nam,e the, e11zym,e that joins DNA. 

iii Name a vector. 
b What is m,eaint by the term 'tr.ansgenk '? 
c Suggest how the AAT gene can be removed fr,om a 

human ceU and transferred to a sheep. 
d Suggest the benefits of produdng AAT protein using 

transgen~c sheep. 
5 Animalls kept on a farim to supply food or labour are, 

known as. llivestod<. Livestock have been deve,loped by a1 

process caUed sellectfve breeding. 
a i De·scribe the process of se!ective breed~ngi. 

ii 1Give one example of a1 desir,ed characteristic 
developed by selective breeding in a named 

l~vestook animal. 

111 Describe why s,elective bre,eding is of benef~t to 

farmers. 

b Desc r,i be how natu ra i selectiron d rrf ers from sell ect1ive 
breed~ng. 

THIS PROBLEM CAN BE USED TO EVAlUATE YOUR 
LEARNING IN CRITERION A TO LEVEl 7- 8 

6 A patjent sufferin9 from cancer of the trachea (w~ndp1pe,) 
had part of their trachea removed. A replacemient 
,section of trachea was produced and attached to the 
remaining part. 

• Figure 11.31 The location of the trachea 

a Explain how bloprinting ·Could have been us1ed to 

p reduce a rep laGement trachea. 
b Ex,p1lain the advantages ,of using a bioprinted trachea 

ra1he,r 'than a donated one. 
c Bioprinters use stem ce~~s. Evaluate the use of stem 

eel Is. in medkal research. 
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Reflection 
In this, chapter we have expl,ored how bioteiehnology can be used to change and 
tr,ansform gienes. We have seen how humans ,can m1anipulate genes to create 
new ceBs, tissues and or9ans. We haiv,e discussed how the modifi1cation of 1genetk 
irnform1ation can ~nffuenc,e human hfestyl,es, and the ways in whkh people's personal 
be~iefs, and values influence the development and applic~tion of bi,otechnologka~ 
techniques. We have explored how b~ot,ed1nology can cr,eate new options, dhoices, 

and opportunities in industry and health, and d~scussed whether these wm be fafr for 

aH. We have ie.arnt about our role as a com1municator, expressing ourse~ves ,confjidently 
and coUaboratjng effe-ct,ve~y, hS't!ening carefuUy to the perspectiv,es of others. 

~~-;b~~·-'i'.!•;n,,~., .... :.ar.·._;.,i,_,-.•.~11~,,.:_:,-- ... ,·rm~~:.v"'-=~~ 
p;l_l..:.r _ "~ ~. ~. ,~ ~. ~· 1!1 .-:J1 • i:u~J u11..,:J:•} • ! ';'~'"Tt'J ll l'I I ;..r-uu 1111• r.i _ u£rotll?.] ii} ll;l _ _ --

Quest,ions we asked Answers we found 

factual: What is a done? What ~s selective breed1ng1? What 
1echn~ques are used to modify gienes7 h1 what ways are humans 
ab~e to maniipufa.te g:enes to ,create new cells. t issues and ,organs?' 

Conceptual: How can doningi benefft farmkng and agr~cul1ture7 
Ho,w does the 1m1od rucati1on of genetk informia t1on ~ nfi uence h uma1n 
lrfesty1,es? How do people;s persona1I beliefs a1nd values ~nfluence the 
d!ev~·opment and appUcation of b~otechnolog1ica! techn~ques.? What 
are the poss1blle cons,equences of dlevelopjn,g and applyi1ng more 
bi1otech no~ogy? 

!Debatable: To what extent shoujd peoplle be allllowedl to dbne 
organ1jsms7 lo what extent shouid genet~cally 1m,odif1ied orgianisms 
be used iin farming and food production? Should governments fund 
cont,nued biotechooiogkall re-search on .st,ems cells and genet~c 
modiinkation7' Who shou1ld have the power to m,odffy and c,ontrol 
g,enel!k m1a1terial? To what extent should income lleve,I determine· 
a pe,rson·s aiccess to mediical treatments that ~nvotr,/e apply~ng 1he 
products of btiotechno1ogy? 

Approaches to ~,earn~ng you used ~n this ,chapter Descr~ptiion - what new skij~ 
did you ~earn? 

- -

Information literacy ski lls 

Creative-thinking skills 

Crit ic.a 1-t h inking skills 

Communicat ion skills 

Collaboration skills 

--
Any further questions. now7 

How welll d~d y,ou master the 
sblls? 

L 
OJ 
C 

..... 0 
w QJ :..;. 1: u C: 

' $ I,,.,. ti ClJ 
0 a3 ro §t 
2 

... 
.....J D.. L.I.J 

- - , __ -

Learner profile attribute(s) R.ef1ect on the importance of be1n g a giood con1m1unkator for 
y,our fe,arni1ng i1n thiis chapter. 

Communicator 
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Note: Words ~n italics within the 9!0,ssary dlefjni1ions are glossary terms themse~es. 

3D-bi opri,nti ng The three-dimen51onal pr1inting of biological 
tissue, and organs through the layering of stem cells 

a biotic non-hving conditions or things 

acid rain Any rainfaU which is more add than normal 
rainfaU (pH 5.5-6~0). It ~s ,caused by e1missjons of sulfur 
diox~de and oxides of n~trog.en 

active site Region of an enzyme where the substra,te 
bi1nd5, 

active transport Mov,@ment o,f substances from1 lower 
to higher concentration (i.e. aga~nst thejr concentration 
gradi,ent). Th~s needs. energy from respiration 

adaptation The process by which org1anisms ad_just to 
changes in their environm,ent irn order to aid in thefr 
survival 

adenine A base tha1t pairs w~th thymine in DNA and with 
uradl ln RNA 

aerobic respiration Biochemica~ pro,cess tha1t relleases 
energy f ro,m1 a sugar in the, pres,ence of oxygen 

algae Protoctists that contaiin chlorophyll but lack roots, 
le,aves and transport tissue. lndudes many single-celled 
form:s and the seaweeds 

alien species A non-nat~ve spedes Hvjng outside 1its 
normal range whkh has ardved there through human 
activity (ei1her deliberate or acddentan 

allele Different versions of the same gene, 

alveolus (pl. a lveoli) Air sac in the lung where gas 
exchange takes place 

amino acid Bui1lding block of proteins 

anabolic reactions When compl,ex mo!ecu~es are bu~lt up 
from sma I !er ,on e,s 

anaerobic respiration R1esp~ration in the absence of 
oxygen, producing either lac1ilc add (humans) or ethanol 
(pl,ants and yeast) 

analogous features Sim1ijlar in structure but of d~ffer,ent 
evolutionary origin 

anaphase Stage of ceU division wher,e chron1atids separate 

and move to d~fferent ends of the ceU 

ancestor An eady for1m 1of species from wh,,ch others have 
1evolved 

ancestral Re~ating to/evo lved from an ancestor 

antibiotic Compounds produced by som,e mkr,o-orgian~sms 
whkh selectively jnhjb~t or killl other micro-organisms; 
an antibi,otic medidne prevents or sto,pS, the growth and 
spread of bacteria 

antibody Proteins produced by the immune system that 
target and help to destroy specific patho,gens 

aquatic Rei alli ng to w a1ter 

artery Blood vessel ihat carried blood away from the 
heart to tiissues and organs of the body 

artificial selection Seiection in breeding, carded out. 
dehberatefy by humans 

asexual reproduction Reproductijon not invo~ing 
ga,metes or fertilization 

atrium (pl ., atria) The upper chambers of i3 heart, into 
whkh b~o,od flows 

autoimmune dis ease A disease that is caused when a 
body-'s immune system produces ant~bod1es that attack 
the body's own GeHs 

autotroph A 1se~f-feeder; - an organism that can make jts 

own food (glucose) from simpler substances 

bacteria (sing. bacterium) Mkrosc,opic ,organisms 
without a true nucleus 

balanced A state of stability/the components of a system 
are in equihbdum 

base The unit in DNA that conta~ns the genetic code, 

behavioural Charactedstics, such as how an antma1 live,s 
with others i1n its group 

bile Substance produced in the liver that neutrali1zes 
sto,mach add and emulsiffes fat s in ihe small intestine 

biodiversity The varjety of differ,ent types of lif,e found on 
Earth 

biofuel A fuel produced from bio!log~cal raw materials., 
such as plant crops or .anima, was1e 
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biotechnalogy The i1ndustrial and commierdai app~kation 
of biology 

biotic Things associated with or that come from living 
things 

cancer The uncontrolled replication of ceUs 

capiUary V,ery thin bllood vesse~ that suppli,es oxygen and 
nutriients d~rect to body tissue5,, and r,emoves waste 

carbohydrase Enzyme that breaks. down carbohydrates 
into, simple sugars 

carbohydrates Moiecu~es that pr,ov~de a ready source ,of 
enier1gy for the body. They com,e in si m p lie forms such 

as ,g1lucose, and in complex forms, such as starches and 
cellulose 

carbon 1capture Mechanisms, by which atmospheric 
carbon dioxide is removed 

carbon offset A reduction in carbon di,ox1ide emissjons, 
using carbon capture, t,echn1ques, 1in order to compensate 
for em~s:Sions made elsewhere by ,e.g. burning fossil fuels 

ea rbon sink Something that absorbs more carbon, usually 
in the for1m of carbon dioxide, than it emits, for example 

a tropical rainforest 

carnivore an animal that ,eats only other an1imals 

catabolic reactions Where, compiex molecul,es are broken 
down into sim pll er ones 

catalyst A subs,tance that a~ters the r.ate of a chemica1I 
reaction, but remains unchang1,ed at the end 

cell The basic buildtng bllodcs of structure in ,an organ~sm. 
Cells are the sn1aUest uni1 of life and are made from 

other ae II s by divt·s1 on 

cell membrane Part,ally p,erm,eable structure that controls 
the passa9e of substan oes in and out of a c,el I 

eell wall A tough, flex~bie, fuUy permeable structure 
located outsilde the cellll membrane of p~ants, fungt 
bacteria and plaint-~Hce Protoctista1

• It support5 the ,c:eU 
and prevents it f rom bursting when water enters 

cell ulose A macromolecule made of 2000-3000 giucose 
units joined together. It is the majn molecute in p~ant 

cell walls 

central nerve us system (CNS) one ,of the two, main 
systems of the nervous system; the CNS is made up 
of the brain and spinal cord and ~s respons~ble for 
proc,es.sing information that comes from and goes to, ,alll 
parts, of the body 

centromere The part of a chromosome that joins the two 
chromatids together, and to which sp1nd~e fibres attach 
duringi c,elll div~sjon 

characteristic A distingu.ishjng feature of an organ~s1m 

eh emoreceptor Spedaliz,ed sensory neurons that respond 
to chemical stimulli such as the presence of smell or taste 

mo~ecu,es., or changes in the concentration o,f carbon 

d11oxide 

chemosynthesis The process of produdng organ~c forms 
of chemical energy (carbohydrates) f rom non-or1ganic 

forms of chemical energy 

chitin A long macromolecule made, from glucose and 
amino acid, used in the construc1ion of the cell walll of 
fungi and the exoskeleton o,f arthropods 

chlorophyll The maf.n photosynthetic pigment of ,green 
piants 

chforoplast OrganeUe that ~s the site of photosynthesis 
and contains chlorophyll 

chromatid 10ne of two copies, of a chromosome after it 
has rep Ii cated 

chromosome A long length of DNA, packaged with 
protein, containing m1a ny genes 

classification The process of diviiding organ~sms into 
groups with similar characteristics 

climate change See global wanning 

clone A group of gene,ticaUy identical rind~viduals (air c,eUls) 

cloning Making a gene,1icallfy identical copy of an 
organism 

common ancestor The most r,ecent species from which 
two or more different 'Species have evofved 

communicable disease A d~sease that is spr,ead between 
individuals through air or body fluids; also known as an 
' inf ect~ou s d !sea se' 

community A group r0f populatjons of organisrms living 
and interactin9 with eaieh other ~n a habjtat 

comparative anatomy The study of similarities and 
d~fferences in the anaitomy of different sp,edes, used to 
study the evolution of spedes 

complementary bases Two bases that have shapes 
that can fit togiether. Adenine pairs w ith thymine, and 
cytosine w ith guanine in DNA 

concentration The quant~ty of a substance 1in a def~ned 
space or volum1e 

concentration gradient The d~ff,~renc,e jn concentration 
between one airea1 c1nd dnother 

cross-breed To produce an anima~ or plant by deliberately 
mating indiv~duals ,of dif ferent breeds. or varieties 

crossing-over Exchange of gene,tic materia~ between 
chromosormies dudng meiosis 

cycle A series of ,events that are regullady repe,at,ed in the 
same order 
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cytokinesis Divi1sion of cytop~asm after the nucl,eus has 
divJded into two 

cytoplasm Site of n1any chemjcal r1eactions co111r0Ued by 
enzymes. Contains organeUes such as mitochondria 

cytosine A base fo,und in DNA and RNA that pa~rs with 
guanine 

deco,mp,osers Bacteria and fungi that feed on deaid plant 
and ,animal ma1edal 

deforestation The removal of tr,ees from1 an area of land 

deletion The removal! of a base from DNA 

denature A structural change in a prote~n thait r,esults in 
the substrate being unabl,e to fit the active site, stopping 
activity 

deoxygenated W~th oxygen removed 

destar(h Remo,ve stairch from1 a plant by k.eeping ~tin the 
dark 

detritivore Decom1po,s,er,, such as a fly, tha1t breaks down 
and use,s. dead org,a1nk matter as a sourc,e of food and 
energy 

diabetes lnabihty to contra! blood-sugar levell due to la,ck 
of insulin 

d iaph rag m A sheet of tissuesl ~argelly musde, separating: 
the thorax from1 the abdomen11in m,a1mm1als 

diet The types of food an organism usually eats 

differentiate Make o,r become different in 1he process of 

growth or development 

diffusion The movement ,of mo,l1ecu~,es from h 19 her to 
lower concentr:ation 

digestion The process ,of breaking larg,e insoluble 
mole,cules into sm1alll soluble, ones 

diploid CeUs w~th nucle~ that hav,e two sets of 
chrornosomes, one frnm1 each parent 

d istri butio n location of a species around the wodd 

diversity The amiount ,of bjolbgkal vari1ety ~nan ar,ea. It 
can be measur,ed in terms of specie5, habitat ,or genetic 
diversity 

DNA Deoxy1ri1bonudejc add- a 1mi0~ecule comm1on to aill 
life on Earth. It ,contains the code that determine-s the 
structure of living things 

DNA ligase An ,enzym1e which can connect pjeces of DNA 

together 

dominant An allele that always shows through, and that 
causes the homozygous form and the hete,rozygous form 
to look the same as. ,each other 

ecologi'cal footprint The area of land and water required 
to provide sustainably aH resources at the rate at which 
they are being cons,umed by a g~ven population 

ecos,ystem A community of or,ganisms that depend on 
each other and the .environment they hve, in 

egg Female sex ce~I 

embryo The earl~est stages, in dev,elopm1ent of a n,ew 
organism 

embryonic Re~at~n g to ,an em1bryo 

emission The production and release of som1ething, 
e.gi. a g,as 

emulsification Break fats into very tiny droplets 

endangered species A species at rjsk of extinction 

endemic species A species found in ,a particular area and 
nowhere else. See also native species 

environment The external surroundings of an o,rgan1ism 
that act on it and affect its surVYval 

environmental Relat~ng to the environment 

enzyme A biological catalyst 

enzyme- substrate complex Structure forimed when a 
substrate combines with an ,enzyrne at its active, site 

ethical Relating to beiljefs about whe1her somethjngi ~s 
dght or wrong 

eutrophication The addit~on of nitraites or phosphates to, 
a body of waiter resulting in an increase ,n algal ,growth 
and reduc,ed dissolved oxygen 

evolution The cumulative and gradual change in the 
genetjc characteristics, ,of succ,essive generations of a 
spedes: the cumulatNe gradual changes eventually give 
dse to spedes different from the, common ancestor 

evolve The, pro,cess of having undergoingi evolution 

ex situ conservation The preserva1~on of spedes out5,ide 
their natural habjtats, usuaUy in zoos whkh carry out 
captive breeding and re;ntroduct~,on programmes 

excretion Get r~d of waste produced by chem~cal 
reactions in ceUs 

exploitation U~ng so,mething for maxim1um gaiin 

extinction The irre,versiblle loss, of spedes 

fatty acid One of the building blocks of fat, ailong 
with glycerol. Made fr1om .a I ong cha~n of ,carbon and 
hydro,gen ,at,oms. 

fauna An~mals 

ferti r izati o,n The fus, on of male and female gametes to 
form1 a zygote 
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fertilizer A chemi1cal or natur,ail substance added to soU to 
increase the yie,/d of a crop 

fibre Substance in f,ood made from cellulose ,cell walls 

fJora P~ants 

food chajn Linear sequence of what eats. what in an 
ecosystem 

food web Graphical r,epr1esentation of i1nterconnect,ed 
food ,chains in an ecosystem, to show the complex 
connections of what eats wha,t ini each trophic level 

fossil The remains or impr,ession ,of an andent specie5 

pr,eserved i1n rock 

fossi I f'ue Is The re·mains of dead plants and animals 
form1ed rni~ri~ons of years ago: coa! was f:onm,ed from1 
dead plant mater~al; oil and gas w,ere· for1m,ed from dead 
m.ar1ne organ~sms 

fungus (pL fungi)i He,terotrophic, non-motHe, multicei/lular 
(usually) organisms with a mycelium of hyphae and chitin 
cell walls. They consbtute c=1 sep~rat,e kingdom 

gamete Sex ceH (e.g. ovum1, sperm) 

gas exchange Process through which oxygen and carbon 

diox~de are transferred in oppos~te dilrect~ons across a 
sped,a~ized surface 

gene S,ection1s of DNA found in the· nudeus of an cells 

gene pool AU the different types of gene found within 
every individual iaf a sp1edes 

generation A group of organ~sms born and ~jving ar,ound 
the same time 

genetic Relating to genes and heredity 

genetic code The order of bases ~n DNA tha1 dete·rmines 
the sequenoe of amino acids in a protein 

genetic disease Dis,ease caused by- changes in the genetk 
code, rath@r than by pathogens 

genetic engineering/genetic modification (GM} .DNA 
is. modified so that a unique set of genes is produced 

geno,me The whole of the genetic information of an 
organism 

genome mappjn,g Methods us,ed 1o f~nd the exact 
location of a gene on a chromosome, 

genotype The ~genetk makeup' of ,a person; the g1enetk 
information in the c~u 

global warming An increase in the average temperature 
of the Earth·s atmiosphere 

gJucagon Hormone produced by the pancreas that 
converts glycogen into g~ucose 

glycerol One ,of the bu,lding blocks of fat; .along with fatty 
acids 

glycogen Storage molecule of glucose in animals and 
bacteria 

gradient Change in quantity of someth~ng (e.g. temperature, 
pressure, or concentration) from one area to another 

gravitotropism Adaptive respons,e rrn plants that causes 
them1 to mov1e and grow in r,e.spons.e to gravity 

greenhouse effect A natural process in which 
greenhouse gases aUow short-wave rad~ation to pass 
through the at1mosphere but trap some out90iing longi­
wave radiation. It incr~ases g1lobal 1e1mperatun~s by about 
33 °c, al 1,owi ng lj fe on Earth to exist 

greenhouse gas Gases" such as carbon dioxide and 
m,ethane, which absorb inf rared radiation: this can l,ead 
to gilobal warming 

growth Achieve, a perm1anent change i1n stz,e 

guanine A base found in DNA and RNA that pairs w11th 
cytosine 

habitat The pllace where a species lliv,es 

haploid Cells having1 one set of chromosomes 

herbivore An an~mai that eats on~y p!ants 

herb ivory The process of searching for, find~ng and eatjng1 
p~ants 

heredity Passing characteristics 9enetkaUy from one 
generation to the next 

heterotroph An org1an~s,m 1hat fe,eds on other ,organisms 
to obtain it s food 

heterozy,gous Two different alleles for a parbcu~ar 
characteristic in each celi 

hierarchy A structure made from many different levels. In 
b~o,llogiy 1it relates to the different levels of dassijfkation 
f ro,m kingdom to species 

homeostas.is Maintainin,g a ,constant 1nt~rnal einvironmeint 

homeostatic Relat~ng to ho,m.eo5tasis 

homologous features Simi~,adty due to com·mon ,ancestry 

homozygous Two ident~cal a,/Jeles fo r a particular 
characteristic in ,each cell 

hormone A chemical 1m1,essenger in lliving things 

host An 0rrganJsm on or in which a parasite liv,es; the host 
p rov~d es n utr~ents and other lben ef~ts to the par a s1ite at 
the ,expense of the host's well ... being 

Human Genome P'roject (HGP) An internat~ona1I scientific 

research projrect; ~ts aim was. to det,erm~ne the s.equenc,e 
of 1he 3 bjHion base pa~rs which m1ake up the DNA of 
humans 

hyphae Each of the branch~ngi filaments that m1ake up the 
mycelium of a fungus 



immune system The body system that de,fends the, body 
a,gainst infection, disease, a1nd foreign substanc,es 

i m pi i cation A possible fut u r,e eff,ect or resu ~t 

in situ conservation The conservation of spedes ~n their 

natural habitat 

infertility lnabillity to have offspring 

inheritable disease A diseas,e that is determined by the 
genetic s,equence ,of the individual with the disease, 
and that can be passed from parents to o,ffspri1ng; atso, 
known as a genetic disease 

inheritance Passing on from parents to offspring 

insertron The addition of a base to DNA 

insoluble Unable to dissol've ln water 

in su Ii n Hormone produced by the panc~eas that conv,erts 
glucose into glycogen, thereby removing it from the bl,ood 

intercostal muscles Muscile5, tha11 run between the ribs, 
and are involved wJth ve,ntilating the lungs 

i ntergovernmenta I organizations (IGOs) Bodies, 
estaib~ished through intemat1i,ona~ agireements to bdng 
together 1governm,ents to work on an internat~onal scaie· 
(e.g. the United Nati,ons, Env1ironment Programme., UNEP) 

interphase The peri,od between nudear dwistons when 
the nucleus controlls and djr,ects the act;vity of the ce·U 

interspefific competition Competition betwe,en 
individuais, ,of djfferrent spedes 

intraspecific competition Competition between 
indiv~dua!s. of the, same species 

introduced species A species moved from its na1ive 

habitat to a new area through human .activ~ties 

invasive species An alien species that has increased 
rapidty ~n number, hav;ng a1 negativ,e eff,ect on the 
envfronment aind on na1tiv~ sp,9cies 

isolation The process by whidh two populations become 
separated; 1if the flow of genetic material between the 
two popu~ations is s.topped, new spedes may evolve 

keystone species a sp,edes which has a unique and viital 
role in maintaining a bala need ecosystem 

kinetic Reiat~ng to 1or resu!t~ng from m1otion 

kingdom The highest cllassificati,on into which liv~ng 
organisms are grouped. There ar,e 5 kingdoms: an~mals., 
plant5., fungi: protoctists and bacteria 

leaf The photosynthetk organ in plants 

ljf e cycle A perirod ~nvolving one generation of an 
organjsm through 1means of reproduction 

rife expectancy The average length of time a pers,on or 
gr,oup of peop~e (or other organisms,) may expect to ~ive 

limiting factor Components ,of an ,ecosystem tha1t Um~t 
the numbers or d~str~buti1on of a population 

lipase Enzyme that breaks fats down into fatty acids and 
glycerol 

lipid Substances such as fats and oils, used as a store oif 
,energy in living1 things 

lock-and .. key mechanism Relating to the specific narur,e 
of enzymes, where one substrate (the 'key') f~ts into one 
actijve she (the 'i,ock. 1

) 

lung 0 1rgan adapted for gas e~change in lland vertebrait,es 

macromolecule A very large molecule, such as a protein, 
made of many smaller un~ts (e.g. amino acids} joined 
together 

manipulate Control or i11fluence som,ething 

me,chanoreceptor Spedaliz,ed cell that r1esponds to stimuli 
of touch, pressure or m1ovement 

meiosis Sexual c~U d~vision., result1ing in game,te5 
metabolic reactions Chemical react~ons ~n ceUs 

metabolism Combined system of alll the chemkal 
r,eact~ons in ce H s 

metaphase Stage of ,ce·II diviisi1on where chromosom,es line 

up ~n the m1iddle of a c,ell 

micro .. organism A smaU living th1ing that can usuaUy only 
be seen ~th the help of a mkroscope 

microscopy Us~ng a1 mkr,osc,ope to, study very small 
. 

organisms 

microvillus (pl. microvilli) Fine folds i1n the ceU 

membrane o,f a villus, further increasing irts surface area 

minerals Elements such as iron {used to rmake he1moglobin 
in blood) and caldum (used to 1m1ake bone) 

mitochondrion (pl. mito,chondria) Organelle releasing 
energy in cells 

mitosis Nude,ar djvision where the ceUs produced hav,e 1he 
sa1me number of ch~omosomes as. the parent reelll 

modification Altering or chang~ng something 

molecule A group of atoms jojned to,gether 

monohybrid A 9enetjc cross invo!vjng ,one characteristic! 
gene, such as eye colour 

motor neuron Nerve ceUs that control musde movement 
movement Relocate from one place to another 

multicellular An organism 1made from many celfs 

mutagen A substanc,e causing a mutation 

mutation A change in the amount or the chemical 

structure (i.e. base, sequence) of DNA of a chromosome 
mycelium A m,ass or network ,of hyphae 
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native spe,cies A spedes found in an area wher1e it 
originated, Le. occurs naturaHy within a part11cular ecosystem 

natu ra I selection The pro,c,ess whereby organisrns that are 
better adapted to their surround~ngs are more likety to 
surv~v,e and produce more offspring 

nervous system The, body system made up of the, brajn, 

sp~nal cord and nerves, which controls aH a,ctions in 
the body by receiv~ng inf,ormat~on from and sending 
messages throughout the whol,e bodo/ 

neuron Sp~dalized cells that are, able to percei1ve stimuli 
and s,end informatjon about the stimulus throughout 
body via the nervous system; also caiUed 'nerve, ceU' 

niche Where, when and how a spedes. lives. A aom1plete 
description of a sp,edes• role wuthjn a community 

non,..governmen'tal organizations (NGOs) Bodies not 

run by, funded by or influenced by governm,ents of any 
country (e.g. Greenpeac,e; the World Wide Fund for 
Na1ture,, WWF) 

nucleotide The building block of DNA and RNA 

nucleus Contains genetic matedaL Controis ,a cell's 

a ctiv~be s 

nutrition Obtain nutdents by either feeding or making 

food 

nutritional Relraitlng to the nutrition of an or9an~sm 

offspring An animal's young/chBdren 

omnivore An animal that eats both plants and other 
anima~s 

organ Groups o,f tissu,es that work together to carry out a1 
spedfic function, such as the skin, heart and lungs 

organ system Groups of orga,ns that work coUectjvely to 
perform a functjon f,or the body, such as the digestive, 
rep roducttve, and ci rcu lat,ory sys1em1s 

organelle Structures found within cells that carry out 
spedfic functions 

organic molecule A mo,iecule that is normally f ound in or 
produced by lliving matter 

organization The state of being organized 

osmosis The m,ovement ,of wat,er from higher to low·erwater 
concentration through a partially permeable me,mbrane 

o,vf!rexploit Remov,e or reduce a resource 1n a way that j5, 

n at sustaina.b/e, 

overhunting Hunting an animal in a way that is not 
sustainable 

oxygenated Containing oxyg,en 

palisade cells 10biong-shaped cellls towards the surface of 
a leaf, conta~njng many chloroplasts for photosynthesis 

p,ancreas Organ in the body that produc,es enzymes for 
dig esti1on and insulin 1 o control blood-sugar I eve! 

parasite An organiism or virus that lives jn or on another 
organism (the host) and gets nutrients and other benefits 
at the expense of t he host's w·ell-being. 

pathogen An organ~sm, such as bacteria,, fungi or p,arasite, 
or virus that causes d ise,ase ~n its host 

peripheral nervous system One of the two main systems 
of the nervous system; n eirves ijn the PNS conne,ct the 
central ne,vou5 system, at th~ sp~nal cord to organs, 
muSides, ceHs, blood ves.sie~s and glands 

pest Animal or plant that has becom1e a nuisance to 

humans 

phenotype What you look like; the outward effect of the 
genetic code on the body 

phenotypic traits Physkal characteris.tics that determine 
the appearanc,e of an organ is1m 

photoreceptor Spec1ializ,ed cell that responds to stimrul~ 
from light waves 

p,h otosynthes is The process by which green piants 
convert light energy from the Sun into useab~e chemical 
energy stored in organic maitter. It 1requires ,carbon 
dioxide, water, chlorophyll and Ught 

p h ototropi sm Adaptive respo1nse in plants that ieauses 
the1m1 to move and grow toward a light source 

p,hysical Re~ating to the body of an organ~sm 

p,hysiological Adaptations which involve the function of 

the organism's body, such as temperature, regulation 

placenta A temporary organ that joins the mother aind 
f etus,, transfer1dng oxygen and nutr~,ents from the mother 
to the fetus and aUowing the releas,e of ca1rbon diox~de 
and waste products from the fetus 

plantation A crop us.uaUy of one spedes of ,e.gi. tree 

plasmid An independentlly replicat~ng drde of DNA 
cont aining a few g,enes. They are found 1in bacteria and 

can be used to carry ,genes into a suitab!e ho.st bacten·um 

p,Jeurar membrane Tissue lljning iung1s a11d thorax cavity 
ensuring that the lungis are air-tight 

po 11 utan t A su bs,ta nee that po I lut,es s.ometh in g, es pedal !y 
water or the atmosphere 

pol I ution The· ,add~t,on o,f '3 substance or an d 1gent to 
an environment by human activity, at a rate gr,eater 
than that ,at which tt can be made harmless by the 

env~ronment and which has an notabi,e effect on the 

organjsms whhin it 

population A ,group of org,anisms of the same species 
living ~n the same are·a at the same tjme 
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predation The proc,ess of hunti1ng, lk~Uing, and eating 
ani1mals 

predator Animal! that hunts., IUUs and ,eats other animals 

prey Animal that i1s hunted, kmed and ,eaten by a predator 

primary co,nsumer A consumer on the second trophic 
level that eats producers 

p,roducer P~aints, algae and other micro-organ1sm1s that 
us,e the 1energy from the Sun, plus carbon diox~de and 
wat,er to make sugars {food) 

product A substance produced as the resuh of a chemical 
reaction 

prokaryotes (bacteria) A m1kroscopk organism wjthout 
a true nudeus. 10ne of the f~ve kingdoms of life 

prop,hase Stagie of c,eU d~vi·s~on where chromosomes start 
to appea1r in the ce~I 

p,rotease Enzyme that breaks proteins down into amino 
acids 

protein A i,ong1 chain of amino acids joined togiether, 
form1 ing1 a specific .shape 

Protoctista King,dom containing an un~reelllular, microscopic 
oir,ganisms, as weH as seaw1eeds. S01m,e protoctists have 
the characteriistics ,of animal ceHs" whereas others are like 

pliant ceUs, i.e. contai~ning a cell wall and chloroplasts 

quarternary consumer A consume,r on the fifth trophic 
level ihat eats tertiary consum@rs 

random assortment Refers, to the way chromosomes line 
up in the centre of the ceU during meiosis. It results jn 
each sperm and each egg hav~ng different oombinabons 
of chromosomes from the m1other and father 

reactant Substance that reacts wijth anothe,r in ai chem~caJ 
reaction 

recessive An allele that affects ,an an~mal's appearance 
only if it is pres,ent in the hom,0:zygous state and i,s not 
hidden by a dom1inant aHele 

reflex An automatic reaction in re,sponse to certain types 
of stimuli 

relay neuron Conveys impulses from the, sensory neuron 
to the motor neuron wnh~n the central nervous system 
,(CNSJ 

replication Making an 1identkal reopy of S·omething 

reproduction The process of producing offspring 

reproductively isolated Occurs when two popu~a,tions 
can no longer jnterbreed and exchange genes 

resistant The ability of an organ~sm to surv~ve something 

res.ource A substance 1n an ,organism1s environm,ent 
needed for growth, maintenance and reproduction 

respiration Break down 9lucose to r,elease ,energy 
restriction enzyme Enzymes found in bacteri,a and used 

io destroy viruses. They cut DNA at particular sequences 
~eaving sticky ends 

ribosome Organelle where prote~ns are made·. It is the 

smaHest o,r9anellle 1in cells 

RNA A nude~c add conta~n~ng the sugar ribose and the 
base uradl rather than thymine. Unlike DNA, ijt ~s s~ngle­
stranded rather than doubll,e-strandedl 

saprotroph Decomposers,. such as bacteria or fungt that 
live on .and chemicaUy break down dead organic matter 

saturated Refers to a fatty acid where a ll carbon atoms 
are fully bonded to other atoms, 

scavenger Animals. such .as hyenas that feed on dead 
animals as thefr sourc1e of food and energy 

secondary consumer A consumer on the third trophic 
level that ,eats prlmary consumers 

selection A process in whkh environmenta!Agrenetk 
factors detenmine which or1ganisms survive and whkh 
do not 

selective breeding Se,e artificial selection 

sensitivity Respond~ng1 to changes in the envfronment 
,enabl~ng the survival! of the or9anism 

sensory neuron Specialized neurons that r1eceive 
information fr,om stimuli 

sexual reproduction The production of offspring from 
two parents usi1ng gametes (egg and sperm) 

small intestine The part of the intestine that runs 
betw1een the stomach and the large iintest1ne, where 

digestion and absorption of food takes place 

soluble Can dissolve jn water 

sonoreceptor Specialjzed cell that r@sponds t 10 st~mu~i 
from sound waves 

s pecia Ii zed Having a sped fie purpose/role 

speciati,on The process by which ne·w species form 

species A group of organ~sms that can mate tog1ether and 

produce young that are a1b~e to breed and have their 
,own offspring 

sperm Male sex ceU, produc,ed by meiosis 
spinal cord Tube-like bundle of nerves, that ,connects 

the brain w ith the pe,ripheral nervous system· to send 
ilnf,ormation to and from the brain and throughout the 
body 

spongy mesophyrl Layer of ceUs ~n a leaf where gas 
exchange takes place 
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stem cell A c,eU can that can repeatedly divide into 
more stem cellls wh1id1 are unspedaHzed (i.e. have yet 
to becom1e spedfic types of ceU), and the later abmty 
to differentiate into mature ceU types, such as musde, 

biood and nerve ceB.s 

sticky end's When a cut ~s made in DNA, by a restriction 

enzyme the exposed unpaired base5' can pak wjth 
complementary ba1ses on another strand o,f DNA whjch 
has been cut w~th the ·sam,e restriietron enzyme. These 
e,xposed bases are called stkky ends 

stimulus (pL stimuli) An e,v,ent or substance that ieauses 
a reaction 

stoma (pl .. stomata) Hole/pore usually on the underside 
of ileaves that aUows ,gases to enter a:nd leave the ieaf, 
and transpiration to occur 

substitution The change of one base to a diff,erent bas,e 
(often caused by the DNA being copied incorrecdy) 

surface area The s.um of aU the areas that ieover the 
surface of an object 

surface area :volume ratio The relationship between 
surface area and vollume, 

sustainability Uving w 1ith~n the means of nature 

sustainable Using ,a resource· so that it is not exhausted or 
permanent~y damaged 

sustainab.le development Meeting the needs of the 
pr,esent ·without compromis1ng1 the ability of future 
generat~ons to meet their own needs 

symbiosis Arrangements and retationships between 
organisms liv~ng 1-n the same area, indudi11g parasitism, 
mutualism1 and ,commensa1~ism 

technology The ,application of sdentific knowledge for 
practical purp,oses 

telophase Sta1gie that compiet~s nud~ar d~vis1on ~n GeUs 

terrestrial Relating to land 

tertiary consumer A consumer on the fourth trophic lev:el 
that ,eats secondary consumers 

thermoreceptor Sp,ecia!ized ,ceU that responds to stimuH 
from changring temperatures 

thigmotropism Adaptive response in plaints that causes, 
them to, move and grow in response to touch or contact 

thorax The pc3rt of the body above the diaphragm and 
below the neck, containing the-lungs and heart 

thymine A base found in DNA that pairs w~th adenine 

tissue Groups of cells of sim1ilar type that work together to 
perform a parti1cuiar function in the body, such as musde 
and bone tijssue 

transfer Move from1 one place to another 
transformation A change in form 

transgenic An organism containing1 the DNA of another 
.. 

spec~es 

transplant Take a living tissue or an organ and put it into] 
.another or,ganis m 

trophic level Level in a food web that is made up ,of 
organ1s1ms that get their energy in a siimUar way 

unicellular An organism consist~ng1 of only one ceU 

unsaturated Refers, to ,a fatty acid in whiah not all carbon 
atoms are fuUy bonded to other atoms., i.e. some carbons 
conta•n doubl,e bonds 

vaccine A substance given to possibte host organisms, 
such as humans or other large anima~s1 that contains 
1elements of a pathogen in order to stimulate the 
recipient's immune system to pr,oduce antibodies 
to protect the pers,on/animall from ai possible fu1ure 
infection 

vacuole Large fluid-frned sac in plant ,ceHs. 

variatio,n Differences betw,een indiv~duals of a species. 
May be caused by envfronm1ental or ,genetic factors 

vector Something whkh ,can carry DNA from one, 
organ ils1m to another. E xa mplles are viruses and pJa,smids 

vein Blood vesse,1 that carded blloodl toward the heart fro,m1 
tissues and or,gians of the body 

ventilation The, ,act of drawrng in oxygen and remov~ng 
,carbon d iox~de from the body 

ventricle (pl. ventricles) The lower chambers of the 
heart, from which blood is pump,ed along1 arteries into 
the body 

vessel A holl~ow tube alongi whjch substances. can flow 

villus i(pl. villi) Folds ~n the waU of the small intestine, 
increaS!1ng surfa,ce area for the absorption of food 

virus A non-ce,Uular pathogen made up of a protiein 
coat and genetic material that invades livi1ng ~eHs and 
uses their eel I u lar mac h 1i nery to replicate. Does not 
indep,endently ,cany out any of life's functions 

vitamins Chemicals that ensure ceUs functton properly, 
,e.9. vitamins C and D 

xerophyte Plants that can Uve in dry conditions. (from 
'xero· which medns dry, and 1phyteJ wh~ch m,eans piant)i 

yield The amount of an agricultural resource produc,ed 

e.gi. plant crop 

zygote CeH produced by the fusion of gametes 
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(BM,il) and Type II diabetes (WHO): p.130 Graph showing the correllation between akoholi consumption and cirrhosis risk (WHO); p.134 Series of grapns 
showing trends i1n inddence of cancer ~n selected countries (WHO, 2015); p.155 Tabl,e 'Changes in i:nddence of Down syndrome with age of mother' 
from 'What Is Down Syndrome' {Nat,ional Down Syndrome Society, 2012}; p.182 Adapted from figure: 'Specifi·cation ~n Ga'lapagos fin ches' from 
Encyclopaedia Britannica {Encyclopaedia Br,tannica, 20110t ireproduced lby permission of thie publisher; p.184. CJ. Clegg: Oi,agram: 'Change in mean beak 
si.2e ·in Geospiza fortis populations on Da,phn,e Major, 1975-1963 1 from Bio,ogyfor the IB Diploma 2nd ed (Hodder Edu.cation, 2015}; p.203 laura Gib bs: 
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acid rain 258 

active transp,ort 72 

adaptation 87-9, 203-4 
of body shape 102- 3 
of body size 98- 100 

to extreme conditions 215 

in larger or,g1anisms 90-1 

10 stimuii 212- 13 

aerobic respiration 28, 31, 32 

agriculture 254, 256 
pesticides 243- 4 

A HIPPO mnemonic 252-S 

amoeba 15 

amylase 51-2 

an aerobi,c respiration 28., 32 

a,nalog,ous features 19 

animal cells 15 
antibiotics 12.3 

bacter~al reststance 193-4 

antibodies ·122, 125 

a.rt,ificial life 22 

asexual reproduction 160., 164, 
281 

autoimmune diseases 130 

bacteria (Prokaryotes) 16- 17, 116 
anti biotic resista nee 193-4 

pathogens 117-18 
probiotic 245- 6 

use in genetic modification 286 

behavioural investigations 2.14-
15 

bile 61- 2 
bioc,ontrol agents 275 

bioprinting 292-4, 300 

b iotechnology 278-91 

see also dones; genetic 
m1odiificat~on; selective br,eeding; 
stem-Gel f research 

b1ood sugar levels, ~ontrol of 75, 
210-11 

d~abetes 287 

b lood vesseJs 68 

body shape 102-3 

breathing 63-5. 90 

carbohydrates, 56 

carbon cycle 77 

carbon dioxide 261 
use in photosynthesis 33, 37 

carbon dioxide level.s 262, 263, 
274 

carbon monoxide 258 

catalase 50 

catbirds 237 

cells 2, 4, 6 
comparison of animal! and plant 

iee!ls 15 
functions of 8 
life history ,of 9' 

observation of 7 

spe,da I ~zed 9-10 

chromosomes 1S2., 154-5 
cha1nges during mitosis 161-3 

circulatory system 66- 7 
blood vesse·ls 68 

heart 69- 71, 88 

classification 14-17 
'Homo' genus 20- 1 

r,elabonships betwee,n organisms 
18- 19 

use of modern techniques 21 

climate change see global 
warm.ing 

clones 280-2, 2'99 

coel ia,c disease 108 

communi,cable djseases 128-9, 
138 

com,parative anatomy 175 

competition 240 

conservation 104- 5, 195, 26 7- 91 
276 

consumers 232-3 

Clo,olingr suspending rife 27, 28 

co,ral 51 

Crick, Francis 145 

cytoplasm 8, 28 

Darwin, Charles 173, 182, 184,, 
185,190 

decomposers 233-4 

d eforestati,on 264. 275 

designer babies 167 

diabetes 287 
diet 55- 8, 80, 138 

diffusion 72 
infiuendng factors, 92-3, 96 

digestion 60-2, 91 

diseases see illness 

DNA (deoxyribonucleic acid) 148 
chrom1osomes and genes 152 

cod~ng for prote~ns, 149' 

d~scovery of structure 145 7 

extracbon from kriw~ fruit 150-1 

model ,of 151 
mutations 153- 4 
repljcation of 162 
and the tr,ee of I tf e 190- 2 

dog breeds 284-5 

Dolly the sheep 280, 281-2 

Down syndrome 154-S 

Earth Summit 268 

Easter Island 248- 9 
ecological footprints 266 

economic growth 270-1 

ec,osystems 223-4., 228-9 
,energy flow 231 

food w ,ebs 229-30, 232~4 

human impacts 243-4, 252-5, 
265 
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see· also deforestation; 9iobail 
warming; poUution 

impact of predators 2.24- 7 

1interactions between organisms 
236-40 

keystone spedes 240- 2 

emphy,sema 107 

endangered species 104- 5, 195, 
268, 276 

environmental factors 
biotic and abiotic 216- 17 

microgravity conditions 219- 20 

enzymes 29, 40- 1, 45 
digestive 61 

effect of t,e1miperature 44 .. 51 - 2 

effect on rate of r,eaction 42- 3, 
so 

Euglena 14 

eutrophication 259 

evolution 173- 5 
early f,orms of life 178 

evidence for 176 
G.alapagos, finches 182-4 
impact oif human actjvit1ies. 1'93- 4 
naturail sefr,ectjon 179- 81 , 184 
speciation 186-7 

1ree of l~fe 190- 2 

exti net ions 194- S 

eye 88 

fever 121, 122 

food test·s 59 
food waste 48 
food webs, 228, 229-30 

ene rgry f low 2 31 
members. of 232- 4 

fossi1 fue Is 257- 8, 263 

fossiJs 176, 

Fra hkl'i n, Rosa I ind 146 

fungi 16 

Galapagos ftnches 18.2- 4 
Galapagos, Islands! introduced 

spe,cies 243 

gas exchange 63-5 

,genes 152 

genetic code 148 

genetic crosses 158- 9 

Gregror Mende~'s. work 156- 7 

geneti,c modjfication (GM) 46-7, 
286- '90, 300 

global warmi,ng 262-3, 274 
greenhouse effect 260- 1 

glucose 
combust jon of 30- 1 
test for 59 
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