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 lassification

¥ Jhe process of awangmi organisme inlo
different groups is known as classification-

& A Classifying organisms makes it easier lo

Qe N

understancl them and theis key fealures -
Jamnomv is The s'luau1 and Pmch’cz of

c/amﬁ'cah'an which Involves /J!acrn?

arﬂamsms (h 0 serres of laxonomic ﬂrou[r

@




x Jhese (oxonomic unils /m'm o hr’erarchy
as shown below:

Domain — ngdOm ——;Phylum —/Clage —

Order —fJam:'{U —> Genus — Species

Domain (domains )
&
5 Kingolom (Km?doms )
i Phylum (Phyla)
= Closs (¢lasses )
Orderforders )
J’amﬂy (famifies)
Genus( Genera)
Specie(Species)




Domain
Eukarya
GL,

Kingdom

Animalia

v~

Phylum
Chordata
-

/ Class
Mammalia

Order
Carnivora PY?HTCIKS

Family J_,

Canidae




¥ Jhe domain is at The fop of fhis hievarchul
Sﬁlem ~
x A we move from domain [o Species :
Jhe morpho/oﬂical £ he Phyu‘dagizal

Similarilies oiw ke orﬁamlcfns increcise -

Y Vhe number of 079anisms in edch taxon
{
Wdecrease

B 1 me v |
e rvmfi orﬂanmms are cun’ent!v

classified info o 3 domain £ 5 Kingolom

classification -
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X ﬂ:‘w‘ng orgam::ms a7e cfamﬁéd nlo he foﬂo-

Mha 3 domains :

- Archaea ( Prokaryotic)
~ Baclerioa ( Proka ryoh'c)
—»éukar”a: {&ukaryoh'c)

fungr odoph
76 UKARYOTA P

Iles thﬂc /




ARCHAEA

% Archaea are prokargotic organicms which
survive in exlremes of environment:

x Avchaea can be classified ino The [olfowmﬂ
Cafe'gorfec:

-*Jhevmophr'fcswurvae in ethmer hot
climales Iike hot spings ond volcanoes.

<> Ho lophiles: Suavive in exher—nely wlfff

0]- -~ o]o g

) cnvivonment such as The Dead Sea -

- Me ffqanoﬂens: are rer;:omr‘blc fw Producfnj

methone by Aeducfny carbon -




BACTERIA

¥ Baclena are /orokmyafr'c organisms which
are distinct from fArchaea

géadma have lypical Pwakawfoﬁc fealures

%
Wh‘l are Archaeo. clossified info o different
? omain when cam/Jafed wifh bacleria >

?

= Jirchaeo. have a cell wall which is not

BYmade of peph’doalvcan -

x Jhe civculor DNA of Archaea. is assocrafed

with hislone meéfm :




x»Jhe 705 vibosomes in Archoea are lar?er
than baclerial yvibosomes but smaller thon

[he cukarvoht 805 ribosomes - These vibogo-

G

=y

es have o ﬂrealé‘r sim:’/an‘li] lo eu karyohic

7/hosomes-

XD

Jhe /)ToEfn Jynfhem machr’nery of Arvchor

BE

a has more 3r}m'(arr'('y" Jo eukarvoléf Jov

e9- Mzmc:riphbn in Archaeo. ond (he tENA:
used in [Yanslation are similoy o Hhat in

cukaryolér -



L
ZUKARYA

Chavacleristic aeah?res:

scells with. o nucleus and membrane -

bound 0790 nelles.

[

W) _ /S
DNA in [he nucleurkmmngcd as linear

chromosomes wifh hislone f)ro/efnr -
il ribosomes (80s ) in The cyfa.co/ are Iargc:
E fhun n P"Okﬁ?’bﬂfe!. Ch’O?’OP/USE omd

milochondrio. have 70s ribosomes, like those

In P'mka rHofEr -




X ChIorapIasE oncl milochondrial DNA/s circulow

as In Prokaryofes .

x A oreat oh'tfer.sf'h'/ af f07ms: there ore

&y unicellulay o colonial and multicellular

4 :
o rﬂaniﬂfmf*
i( ell division s bU milosie .

many different ways of Aepraducmﬁ:

a.rexunllv and sexually.
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Aist of k/hgdoms :

I Pmkanlolés
2- Proloctis(o
3. gunai
4- Plantae
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Prokmgo{r'c Kmadom
¥ The /mokaryoﬁc kmgdom has he ]‘r)l!owm7

f ealures :

’ ﬁhe.d are unicellulay organisms.

| most Pmka'ryol_ S have o mceﬂ

wall-

&

cﬁ;ev ave olevoiol Of o lrue_nucleus which

implies that fhe ﬂenehc malerial is not

210 ~ 0]

SYmembrane - bound.

. H.ev oo not have membrone- bound

organe lles.




-
* the circulay DNA is not bound 6 hislone
Profems-

'ﬁ‘cﬂ may contain Ciyveulay vings of DNA
called plasmiods.

G

2 fhcy conlain 70s ribosomes .

&

5 fhev may 07 may not be molile depcndfn7

N Ihe presence of o flagellum
@fhev may be aulblrophrc 07 helexolrophic

.- they divide by bMon
o ﬁw examples of /Jrokmyoh'c 07ganisms

inclucle Cyano bacleria , Archmea. bacleria

SI:TePIBCaccus and sfaphyfocaccus-



L

Plasma Membrane 1/_ .

Cell Wall

Ribosomes

Flagella




Profoctisto
x Prolocfisls are cukaryoh'c OTﬁam’&ms that
cannol be c!as'sffréo{ mlo The A’:}'p?doms fung{,

onimaliov g7 pfantae :

p——

' fﬁcg mmg be unicellulay or mu{ﬁ'ceﬂu(a;;.

& 'n‘ﬁcy have a lrue nucleus ancd membrane-

O o

M 5ound o'rgqnd/es :

?

O /Ee.y hove [ineas DNA assocraled with

h islone meé‘ns ,

s fhey contain 20s i bosomes .

e e

o fheg may o7 may not be motile.

e ———



o lhey muy be aulolrophic o7 hefevolrophi
j ey be aubliaphic o heferoliophic
o fm" may o7 Moy not have a cell wall.

o g‘mmpfes:

- algoe a7e Pla nt -like /):rofoch'sfi
]
a? pm?ozoa. are animal- like Pofbcfr‘s(i .
o

<
?
E

.S'n‘mv moulcls are fungr'- [ilce /)rotﬁch'SE-




“Fungus Like" Fuligo septic Colonial Algae Volvox cartert

-~ Amoeba [‘ll-!ﬂrrl..! []Il]rril.lilt-”.lh- Paramecium Diatom |".".J|r_':|"|.1|-;|..'|
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* Most fun7i ate multicellulay exce/at'yeast.
'J‘ungaf bodies are macle up of Iong thre-

ade called hyphae

&; Nelwork af hwahae is colleel @#celm,n .
Jhc.d have {._ell wolls made up ofM-

i/‘”l fungr' dre helerolvophic whith means
EAM !h'r.y clerive theiy energy b'ﬂ us:‘na

By rganic compounds 39nfhes/z.¢d by ofher

0 rg anisms -

o a‘ungi are alwoys immotile bez fhcv are

devord af cifion 07 f {ageila-




thct, vﬁmoduce bld produch'on of spores.
® «‘Thcv have an exlracellular mode of oﬁ"ge-

_—

shion -Jhe” secrele o!f'?eu‘r've engymes inlo

exlernal medium and absorb d:"gcsféd

7
(0%

Digestive Enzymes
(D Exereted From Fungus
<
>
)
O}

)Y

Food is Digested
by Enzymes

4

Digested Food
“Eaten"” by Fungus
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JPlantoe
*Planfae nre Phola.rynfheh'c cukanﬂofr'c
nﬁanixms-
l/— ¢ .
» Jhey are mullicellulay and oifferentiafed

O fo form ﬂssucs and organt.
'J

hcni conlan ch!mro/)larﬁ and are there-

v
're Pholﬁsvnfhehc ( hence aamm’b#rc)

@' Jhe plant cells oflen have a large

/Jermanent vacuole -

v
* Plant cell wall is made up of cellulose.

o Plant cells oare 7encmﬂy :mmo{rle

except for o few Efwdxcc Sﬂxm@/

asex (M/b/ L
o



Jinimalio.
v e
'Jhtv are multicellulay and olifferentialéed
e

Info fissues ancl orgun:-

i Jinimal cells oo not contain chloyoplas/e

nd are fhcre[ore noné/ohofm”nfhch'c-

U
Jhc” have a hclérolfof)hrb mode of

ulribion -

v~
C/hr.y are motile -

\/'
o /mimal cells donot have a cell wall.

e Animal cells communicale vio. neyvous

syslem - 0 ﬁ’e/?rvdwe serc}g‘/é,
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Viruces

LY e e

x /iruces qre /carh'des that are moade up of
Pm!éfns and nucleic acicls .

x Theve ave olifferent worys of c!ass:ﬁm?

G

vivuses Some of which include:

»Naked ¢ enve lopecl vivuses.
* ODNAR £ ANAR vivuses.

v Shuelure of o naked vivus include -

o]0] - ~ oo S

* & profein coat mode up of small prolein

sub-unils called capsomeres- Jhis /Droﬁ'm

coal 7is known ot fhe cap.u‘d :




* nucleic aciel which could be one of /Re

fo llowing

~Jingle- slranded ONA vivus, for eg- Canine

PGI’VOW"J’M! :

—; Double - slyandec] DNA such as z;’f}ﬁfﬁi‘iff;;
&

N~ ..S'r'nafc- Slranded RNA vivue Such as
morbillivirys

— Double- Slranded ANA virus such as HIV.




*énveloped viruses howve an odditional glyco-
prolein coat exlernal To fhe coperd.

*Vituses are not classifiecd within 3 domaiy
Wi k:’ngdam c(assyfcattbn-
E‘Manv scientisle believe that viruses tre
l' (he borderline bfw h’w’ny & non—h'w'n7
rgam'.cms-
B 4 virue can only survive within the

host cell b” ('mtr‘nj over [he /Jroi’?.:'n

madvme.ry of (ke host cell-




NOT
x Vituses are‘classiffed ac lfwna organisms

because:

- they are devoid of /)m@ofasm (cell

@ membrane & cgfoﬂasm)
a . -
Hmd oo not Jespire

By ° fhcrj hoave no metabolism-
{

)
E

nuclerc acrd

! prolein co perol
envelope

glycoprofeins lipid envelope
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éldqwmwt and Zutinckion

x Specres are said (0 be endam]ered if thesy

numbers are so low Thot ﬂve.:/ cannot be

bﬂmamfarmd by normal 7alés of reprocluction

no are at Ihe dange of 6ccomm? extinct -

B
i‘Spca‘cs are Said /o be cn’(‘icaﬂy endanger-
Ecd if theiy numbexs fall below (0/s of theix
Eon'camal population -

x Species are sod To be extinct (f there

are No argam’sms in Me arfrﬁ'a'oll 07

nalural habitals -



Reasons ﬁ)j cndangcrmentg[ ¢pecies

@ Habitat (05
(2) Clfmatie drangs
/‘921/ (kDN
= @ /?OMU/ZO —-—,,-9!’”6’ f:m&.{: /90//'11'9'0.']
S Marre fellation
& @ Overe Oilatfon 2, Unstsfatna bi-
O e OF 1etiyrzes
4
; @7000’ shartajees
E ? D
6) Diseqsec

@ Invasion éy alen s /&-ad(j




Reasons ﬁg mdangament of spedies

Jiavitat _!3_{5

(W gV W T W W

e Jhis 1s one a[ the most .ffﬂn:'fﬂ:ant reasons

G

of07 endmm'erment of both lerrestnd) and

mayine argamlsm:-ﬂuman activities such

©
<1
>

Eb

s Oeforestation and seclamalion of l(and

ve a few examples of habitat focs




Climatic (‘homaes
'Changes such as 9/060/ warmfn7 and

nataral dicaslers are 7es ponsible fm
G offecting o (avge number of different
Eipwés-yor eq coral Jee[s are aﬁ‘ecléa(

O
duc lo a Aise in ocean Em/)erafdms-
)

E




Pollut-fon

*Jt has Sf'?mfr'canfli, conlribuled lo Aeduction
in numbers of a diverse group of species.

Pollution may be c/asSf/(i:d Qas:
)
4 Air Pollution :

& , . _ e
= - Jt Involves emission of oxides of mlrogen,
oxr'dcs of Sulfur and €0, -

)

[® - Jhese haymful emissions conlribule [o

acid rain and ﬁ!obal warmmg-




JInduslrial and Domestic Pollution :
—> JE fvolves fhe. Aelease of hammful chemical
inlo [he almosphere such ac The Polvchlorm-

aled bf'phenvk (PCBs)

¥ /CBs are Acspom:b!e /or Teducm? fhe

m[:(v and weakmm? the immune

yslem in certain birds and mammals.

ﬂ”_?c Pollutron :
= Jt involves disposal of non- biodeg radable

GVA@%%G’

Pla:ﬁ'c inlo ne.mbv svers and (akes.

Jhese plastic bays are mistaken ac jc.ﬂy

f.r'gh bv furiles that m?est tThem -
O



Oberg;é/of’fabﬁn 7 Unsysiathable use

ICSoUrces

LA

xJ¢t rncludes ovcrﬁshmg ancl cufff'n7 of
dblfﬂfuﬂbfc [rees (leak) which [ed o enda-

&gcmmt of & considerable no-of species.

M shortages:
E\‘J{' may be due 1o clisyuption in (he food

dqqm, and food web -

Diseadse :

AN A

* 07 e.q - viral m/‘cch'ons.




-
Reduclion in Breeding Siles of Qrganisms

Invasion g[ alien species

JE involves inlrocluction of an organism

™
"/E an eco.fy.sl&m where it was oyfgma”y

8 cent - Jhese alien Jpe.a'es are fesponsr'bfe.
O

07 :

@"Pushmg fh'c Hﬂffb’c 019anﬂ-ms fo 5"0‘0)’79-

@
.erment 01 extinction (discussed in detarl

(aler)-
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African Zlephanls
r/?fn'oan efcphan/k have declined in numbers

fmm 9 o 10 million [o half o miflion ovey

d;ﬁe last ccntunl :

%
The veasons fOl’ EﬂddngETMMt 0/ ﬂfw'can

i/c/)hanli include :
Eﬂabilﬁt loss due To deforestation - Afvican

Iephan& suyvive in Savannah habitalt -
:Z)efo'res(;u(‘rbn oue T (ancl aequiremenls
for housing » 9rowth of crops andl groing

of livesfock has sfam‘ﬁ'candy contribuled
o



L
lo [he seduction in numbers of el.:/)han/.'c -
* flunting for their ivory tusks and meat -
Some are Killed because fhcv were

iconsidered as pestc

Y%

' Poachmti which s iﬂcﬁal hunffn? of
O

ﬁfn‘can elephonfs -

>
@ /toching involves The use of aulomaled

weapons and airplanes 6 hunt down
larger elephanls - K:‘ﬂmﬁ of these animal

disvupls [he soual slruclure of youngey

animals .
o



Coral Reefs

LT e a¥ o N

¥ Coval 7ecfc make up one of e [argest
mayine eco.s”s(e?m -
- Corals are animals fat use (aco; from
aﬁc sea o grow thejy skelefon -

iﬁymbmhb alﬂac grow within the po@px
of coral reefs where they provide nufation
E

Yo (he corals in exchange for mineral ions

x Jhese afgao are also ms/oansfbic for

/)rovfchh? colour (o (he corals -




L
x Coral reefs Prow‘ofc a habitat Io 257 of lhe

Known ffsh species-
TJhe season: fnr endangcrmcnt of coral
Jeefs include

)
' Seid rain which lowers Ihe pH of lakes &
&
ifvns- Jhe drop in pH dama?er (e (a0

kelelon of corals -

E
E’Jho Aise in [he lemperalure of [he

ocean olue o 3/019&! Wmming causes fhe

Mqac lo leave /he polwos- Jhis causes fhe

wh:‘lcﬁmy of the corals lermed as’ coral



blcachin?’-
o Jourism

e Ove rﬁ'sh:’ng

« Reclamation of land

&
&
&
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Polar Bears

MW

x Jhe reasons for fhe endanﬂerment of

po(ar bears inclucle :

B« Recluction in he Arctic ice sheels due o
0

& Iobal wmmmg-
O
& Redluced avar'(ubilﬂuf of food olue fo

>
B} ndangerment of seals.
a3 Diseases

sPolar bears have o lravel long clistonces

in Search of food.



W&' - backed Vulluyes

NAAAAS

x Jhe carcasses thece vullares fed on

weye lrealec] with o, Pm‘nlcfﬂcr Diclo fenac

G

fhat causeq kr‘dmy o/amaqe i vullures -

RS B

C)
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o Ovedfive  indinduals a- heiy wild
devive (nsfitralton fem AC Rfives f proceece
nature ”jh ﬁ Vybrfas e fr bigher
b Erofguem hooslc JiEtle
Conss b. Cﬂm’r#’affm
Y m;rmoqanf? ZO
é’rﬁym ang i bk

@ /Jc's/hcﬁrc, /§ocraccomz. @ (smmeraal

réaons Adason
\ /

/ \
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) a. medicines
a §/{tﬂn&Q o ar b. A¢riculture
P(D:yg gl C. fpunem
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Jhe need fo maintain biodiversity

VN AR WA

x Biodiversity needs o be maintamed far (he

foﬂowm? 7080

O, . tco(oafca( Keasons

Y
'ffumun Rensons
- Social and Commercol Reasons

#° Aesthetic [ Economic Reasons.

E




Ecolgzr'caf Keasons :
X BJ'Odfvem'l'y needs (o be maintained o
ensure stability of an ecosyslem -

x A [he orgamlsm: in an ecosydém nleroct

i many oifferent woys and if one of (he

rganisms odisappear it can affect lhe

hole c.ommun?fy-

olol- - o

BY Vhe mainlénance of biodiversity ensures

that (he gene pool of (he various species

within an ecosycfe'm Is conserved -




Human Reasons :

+Jo P‘row'de possible medicines .

* J07 use in agn’cuﬁare either as Pofe’nh’al

afood supplies 07 o be crocsed with en‘xh‘n7

E:l?rfculhi'm( 8P6CIE’S (o I]mPTOVG /calu?es

O _ . :
Much as v:eld andl clisease resistance

?

— R encourage lourism in Some countries

at—jrom an ethical Pofn(’ of view rf Auman

ach‘w’lg has been (arqely responsible for

olecline In bfodr'i/ersr'ty hence humans have

an obh’gahbn [o severse this decline -



xé_‘quaﬂv important is [o lry and main{ain
lhe cumrent levels of bmdfversf{y‘ for fuluze

3cnem tions -

?n_?ome people wor.shf/) halure - Jhus conse-

G

vation of Species could be due [o »diﬁfoux

heasons -

O
<
>
E




Lommercrod Reqsons -
NAAA

x Mon y cT0ps are threalened bg climale

chanyes ane habitat desfructron.
&5 Jhese ploanls do nol have as much

acncﬁc d:‘vcm{y as fheir wild relatives

O
Because it has been loct bﬂ sefective

nedi-

-
a[’rossm? c10p plants of different
varieties may Praduce hybrids that are

7esistant fo oiseases and climatic chan?es



Jhese cr0p Planli have o bettey yfclol and

fhenfon will have o ?reafé'r commercral

Yalue:

d; levtain micvo-organisms are a Source of

.ccful producls such as enzymes g anti-

iolfcs-

{

@ Jhermophilus aquaticus rs The source of
E [ 4
EYcat- stavle DNA Polymcm:c Known as

Ta9 Polymerase - Jhis enzyme is used in

[he po!ymcmce chain reaction [o pmduce

/arge Quantilres af [he DNA
o



Alesthelrc [ Soa®economic reasons
A A A A A AP A P

B i T e i

wMomg ,aeoP!e 9am Pleasure /ram J/ﬁdgmf

or fust a/yrea'a{m? The naluial world which

continues fo proviole an inspiration for the
)
T{f'.{TS?/)horO?)'aPhGTS , Viewers and O{hef
O .

« U Peaple-

? : - . :

 Wildlife is he source of income for many

@’Unﬁ’fﬂ; as eco-fourism has increased in
popularity -
* Jhis form 0f lourism Provides employment

and conlribules o The economy of Ihe natron.
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Conservation of animal species:

 Animo( cpecies can be conseyved using the

following methods

e L00S 'Jlaﬁonal Parks
o Assisled /31709’00’“6"!0!" Jechnigues

&
7
&
O
{

>
&




A00S

¥ Z00S [)mw'de a source where endan7ered
Species of animals can be captivaled and

b bred-7h% s boown as c'a/bz‘ﬂ’/.: Miﬁy

E'Capﬁvc bn:cdfny 1s Cayriec] oul lo increase

o
hu’r numbers.

B Jhey are profecled from The predalors

and drsecses -

x Captivaled animals are fed well in the

caph'w'ty -



Captive Brecdmy: devantuges
€01 Is Pos.s'!b(c b monilor [Re health of (he
mothey and foctus duw’ng pregnancy

&f The Jperms' ancl oocvfés can be colleclec!

Emd elorecl in ﬁozen {orm n JPerm boinks

and frozen 2008 - A frozen 200 (s @ colleclion

f frozen spevms yoocyles £ embryos.
@ Jrozen sperms and 0ocyles can be usecl

for assisled aeprduction lechnigues , such

as artificial insemination , IVF,ZIFT,GIET

and su riogacy
o



*Animals can be [7ansferred I oTher counfries

where environmental conditions are more

conductz  for brecdm?-

O It allows the keepfn? of brcec/r'ng reconls
and lhe ﬂeneh'c similarity bfw cqpﬁm/éd

o
: r?amlsms -
)




L
Cagﬁve Breedmg: Chaﬂenges

X Alfhou?h some Specres of animals may

breed mc““?( “ ”y n CﬂPﬁw'f/ ofhers moy
bffﬂd it df[ffcu{f lo breed n ayﬁﬁ‘aa, hobrtt

%
Rcasons ﬁ)? 1hi's may includle :
" fhcnd are no /ongct Ir'w'n? in theiy nalural

Shabital.
E—' H"‘Y may have Slress and behavioral

changes which may arise due (o he chanqt

i environment -




- ﬁmqa orgam.'fms may have drlrrupt/bn n

Iheir menslrual cyclc cdue o the slvess in

captivity -

7> organisms may not prefer The chosen mase

G

7
&
O

<

>
E

for bveedmﬂ-




x Pyoblems associaled with Adea:mg caplive

bred animals may inclucle -

o Reducec avarlability of food in Ihe wild-

B° Inereased susceph’bz‘(:‘fy [o dliseuses.

- Jhcy are ot 7sk of predation b” other

mm’mal specres.
E o At times animalls ﬁ'r.'d (F dfffr'cu!t lo
Brove avouncl in Theiy nalural hoabitat

once fhey have been bred in caplivity fw

Qa Iong fime .



National Parks
* Many counlries have dcﬂ'ﬁnafed areads offen

with o /egr‘slahbn o _ensure prolection of

cndangereo( specres anc maintain imporlant

&

Yhobitale How fhcy work nclucle :

Paﬁoﬂmg of pavks b” wardens, Yongers

and volunleers -

E

maintained o avord infexference with

habilat -

* Resfricled human accees - faot;oafm




o ﬂpm’t f/om Corvenfiora) farmm?; a?ﬂr,uﬂu' ral
acGvities are confrolled-
0 Mmfnq andl induelrial activitres are

Oimiled ancl conlrolled-

Y

Visilor cenlres can be established [o
O

cducali (he 9cncmfpubh'c-

@ 24 hours of surveillance of nesfs fbreeding

siles-




Acsisleel Reproductive Jechm‘a ues
x Assisled Zc)oraduchbn Jechnfgues intlucle
methodls o acsist ﬁﬂr’l{t‘y in OTHGm'.sms with

/
veduced ]ﬁm‘(:'( Ff‘ /ﬂf oF i::;gngﬁos Methods

™ nclude F

§ Mtificial insemination

i!n Vifro Jerfilisation (IvF)

Inra- cyfoplasmic spexm injections (1€S1)

E AIFT (Zyﬂoﬁ: inlra -fuﬂo/ofan h'amfcr)
B GFT (gamete infa-fallopian (rinsfer)

. J‘urrqucy-
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N
Jrozen sperme and oocyles

X J'Fermnlbzaa may be collecled from

different organisms and sloved in frozen

= form.
E" Semen 1s collecled from male orgamrlrm

nd checked for spexm activity before olilu-

? . : -
Efmn in o fluid contm'nmi o buffer solufion

(albumen)

% Jhese sperm ave then disfribuled in

Small fubes known as slraws anol stored




N
in liguid m'/r'bgcn af-(96 C .
x Such o collection of spexm in frozen form
/s called (he sperm bank.
N S@Tfhj oociles is move diffrcult than.
/Jcrm because ﬁqcv confain Ir'gmﬁ?.‘anf
moun(‘ of cg?b/olasm-
; Waler bu‘n? he marn componcnl' of
Uﬁplmm ﬁrms ice crys?&ls , Which clamage

(he inlracellulay organd{es, when [he

aacy{é's are Slored in frozen ﬁ)rm-






— Sperm are
collected and Concentrated
washed — well mobile
: sperm




L
Artifrcial Insemination

+ JE involves [he [ransfer of sperms usr‘na )

tafheler inlo fhe uleyus of o fcma(c orga-

bukm-

Z _
ic vlilisation fhere fore. occurs in-ulero

ooling fo (he formation of Ihe 2ygole -
= Occmr'ana/ly (he cmbryo ]‘ormed ‘rh ulero
al(owmg milotic drvisron of (he z)fJOIé IS
[lushed out and (ransferred in The ulerus

of anofher orgam':m-



~ O QN &g

Tests &
Diagnosis
| —
)
_/
i)

® Embryo
@ transfer

IVF PROCESS
() wicntasn

/

©

Ovarian

N\

0

L
»

=5

4

Fertilization

@ Egg /Odilﬂe

retrieval

Sperm
retrieval

lhag)




-
Jn- Vilvo gertilisation (1jF)
¥ VF sefers o Ihe fertilisation in a glass tube
oulside The female 4eproductive (7act

db»JVF ihvolves [he 4emoval of fRe oocyles

% —
am [he OVW’V and (he !pcrm fram lhe
O

Jsles -
Bejore The acmoval of the oocyle , lhe
amale. orgam‘:m (s lvealed wifth hoymones

l6 allow maturation of multiple follicles

s:]multaneom(y :



x Jhis phenomenon s lexmed as super ovulation

vhe aocylé's are exlracled from The ova'ry

prior lo ovulation usr‘n? an ullvasound

& urdlec! catheler -
dﬂhs oacU{Es and sperm are mixed in o

O
Ia.cs tube o form zygofés which are then
>

Bansferred lo The nufrient medium (o
_
allow [he formation of multiple embryos.

¥ 23 embryos are thereafter (Tansferred

info (he female reprocuctive [ract -



Stages of (VF -
e Ovarfan stimulatipn
o Oocng Relrieval

o ]wt?'{fmtfon
e E"mbrvo Jransfer

&
&
&
O

<
>
(=]




OVARIAN STIMULATION

WV VL

x Jreatment normaﬂy sfarls on he third

day of mens(ruation -

& x nvolves adminislration of hormones

hich will have an action Similar lo FSH.

ih Siimulale The ofevcfo/oment' of muff:,‘o(e.

E follicles in The ovaries.
Q@

X [0 days of mjeclron are u.!uaﬂ7 necessayy




L
O0CYTE PETRIEVAL

1 Development of follicles is monilored by

Serum oc.sﬁro?cn levels .

* When The development of follicles 15
&

Ejuclged lo be adequale 5 The hormone

By Human Chorionic Gonado/rﬁpm (hCG)Is

a” hCG has o stmilos effect To Leufmmn?

normone-

¥ Ovulation /s expeclec about 42 hours

mflér ;hjcd(bn-



x A needle is used lo semove The ah}zcﬂy
from The ovaries before ovulaTion fakes

place-

& JERTILISATION
%

Jhc are STripped of any .rurrwndr'n?

d{s and are incubaled with sperm

&ppmmmakly 75000 : { for about 18 hrs.

x Wheve Spexm counls are low, it is also

possibole (o Inject sperm dt’rcdfy inlo (he




*.Jhe fcrﬁ/md a9 1s now placed in . special
Jrowth medium and left [o7 4 hours -

5 )t yeaches the 6-8 cell J'fa?e ih 4€ hours.

&
MBRYO TRANSFER

NN

Jr Zmbryos which are 3rowr'n? Jucccufuﬂy
{

dave lansferred fo (he patient 's ulerus

E
fhmugh a thin plastic catheles

% Offen multiple embryos will be Iransferred

lo improve [he chances of ‘mplantatron §

pregnancy -
o



X Dun‘n7 fhe next few weekss/he woman s
adminislered /Dm?eslc?ane s Whitch hcyas the

ulerine h’m’mi lo thicken and become

G

Surtable for rm/o{antaﬁbn-

4
&
O

<

>
E




SYCCESS IN (VF

x Jhe chance for a successful pregnancy

vavies fmm clime (o clinic-Suececs rafes

bcoulcl be as hrgh as 20-30/.

E«J"any faclors influence The success yale:
o , of palient - Qualily
Jﬁic f/D [ Ruo ufa[cws £ sperm
@x Jhe main complication of (VF is he
possibility of multiple births -
x Jhis occurs due lo (he pracfice of [yans-

ferring more than one embryo (o (he ulervs

at (he same time-



-
* Jhere is no significant increased visk of

birth defecls from (he procedure but it

Aemarns conlrovercial-

- Some embryos are frozen in Ir'qw'd nilro-

Eﬁen and can be preserved for a very

i:onﬂ fime -
= Jb e patient fails fo conceive , e

frozen embryo: can fhen be used-

*Jhey can also be used in case the couple

wishes [0 become pregnant ﬂﬁﬂfn ofler a

Iucaxsful pregnancy:
o



DI\ v]o - ~J0]e



o]0l ~ o]\ g

% Classtatidn ~2 7 xom_m]c
¥ bomﬁ*s

# Kﬁgdms

X Gu’anjem’ g, Gunet Specics

% { easors ﬁ:r eﬂdanjremenz"

¥ gﬂﬁ?ﬂ}dﬁ j(- ené_aymo’ I/'d‘wi"s

X (ontenigt®n (}f antma! J)éea?_f
* Acsred ﬁe}bradum?z teCindpues™




SRR @ £



Avesisled RSB roductive Jechmzues
x Assisled ic,procluch'an Jcchm’gues inelucle

mefhocls o assist /é?'t/'(f'fy in orgamkm.c with
ov Increase the

dh;’f:t:!f.u:»‘:f::l ]ﬁm-(f( y Jno- of orjanﬁms- Mﬁ’f/)??nfgu "
Jrﬁfr'cr'al insemina tron

&

5 In Vitro Jerfilisation

& Infra-cyloplasmic ¢pexm njections (1CS1)
§ - cytplaamic spem injecto
EZIFT (Zyﬁofc inlra -fa!!o/ofan fTumfcr)
& GIFT (gamdé nlro —ﬁlﬂopfan (ransfer)

5 J‘armchy.




Stages of IVF:

o Ovarfan Stimulatipn

o 00(:9(& Relrieval
e Zwﬁlfmtmn

) ’ Embryo Jransfer

. IVF PROCESS

9 e P @i
Ny N

o I g S ®

@ _/ e

%
o
W
Embryo Sperm |
transfer @ Fertilization retrieval B




L
Ethical Jmplications O IVF
X Btdpassmg (he nalural method of conception
ond makfn? preynancy inlp o 7¢chno/aﬂfba(/

dbm edical process.

E fupensr‘vc S0 unavailable o mam‘,’ /EO/_')Ig.

7&7!‘!’/:’::773 more cmbryas than will be

eeded and fhen drkcardm7 unwonled
cmbryox-

3 yrcazmi and long-(eym sfam?c of

embryos with unknown polential effecl



¥ Polential o creale cmbryos fnr yeseaych, 07

lo grow fissues and 0rgans for fransplant

x Polential I select and modffy embrym p
™

permit selection of embryos fhat olo not
conlain lethal alleles
<

§* Possible for Single people ancl same sex
couples o have chilelren -

¥ Ke and ethical considerations of

sumogacy o7 thiyol par{n} involved




* Pregnancy possible even affer menopause vio
IVE and subsequent implantation -
. Reh’g ious groups consfdey Pn/ter&‘&‘y o< a

s:9n from God and IVF ag usurpmg he

role of God-

i
O
<
>
E
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N
Inlra - [ﬂlb plasmic Sperm JInjection (1csr)
1CSI 1s o [echnigue which involves fusion of

a visibly healthy spexm (shape £ motility)
& with an oocyle o form a 2 ygele oulside

%
IFrc female Aeproductive [ract -

3,

W Vhe olisadvantage of [he ICS1 is that (he

Bgenolype of he spem can be abnormal
Q

leading lo (he formation of a 2ygole with

chyomosoma| o7 gene abnormalities.




Fimbria of distal
end ol fallopian lube

Ova and sperm
mixture

3IFT catheler
nrogucer

Uterus




L
GIFT 4; ZIFT
¥ ZHaak r’n!?a—fallopfan [ransfes (2IFT)
x Gamele inlra -fallopfan (ransfes (6 (FT)
x Gamele inlra -faﬂopmn [ranifes involves
&', 7he 00Cyfcs
lhe fmn:fcr of Sperms, inlo (he fallopian

2
&
tube of [he female aeproducive Iract -
€
?
E

G

* Xyqole inlra-fallopian [ransfer involves
lhe formation of 2ygole invilro & then
Iransferring it lo [he fallopian tube of the

female Aeproduclive Iract -







L
Sunogacy

* At times. he health of [he female organism
which donales (he oocy?’c is not ﬁaod emvgh

F bear o normafpngnancy

E‘l&n such cases, (he CmbTyOS' are MJHG”’

Iran:fmed lo (he ulerus of an unrelaled

& female orgonism - Jhis is surogac
B / gacy-

It is admntaycous because it helps in

lhe consewation of endangered female

argam'.cm: which cannot bear normal

pregnancy
o
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CONSERVATION OF PLANT SPECIES

e Bobonic Garden
o Seed Bank

& Bofanic Gardens -

l Bofanic 5ardem..ju4(’ likke zo0ssenable
O
omcwatfon of Pfan{‘ Jlaecre.c by ?mwrny fhem

E‘mm Seeds, caftm?s, fissue culliyes £ c(omn7

a Jissue cullure involves amwfh of 0 fssye
m an Ja/rflr

agm medium under slevile conclition:.




* Trosue ,gam/b/es a/we/a/b N /@f /Dfdn/fcﬁ

* Plantiers  Planied hio 5ol

Tissue sample Tissue samples

scraped from placed in Agar growth

parent plant medium containing
nutrients and auxins

Samples develop
into tiny plantlets

Plantlets planted
into compost




O ole of Botanic Gardens:

Ei:, Pmi’écﬁon of endan?ered /olantrpccfe:

o
wh:ch are threalenec/ by climatic changes
@and human activitres -




-
* Research methods of reproduction and

rowth so that species cultivaled n Botanic
1 P

3ardms can be grown In app:ropn’afc

conditions To be pro/oaaafed -

o)
] Kesearch consewation meihods so planis

&
n be inlvoduced (o new habilal: if theiy

i r?ma{ habital has been dcsﬁoyccl :

/lcmFroduc.r'n7 /J!anfs lo The habitals

wheye #lt,(’ have become extinct -

oéduwﬁhy fhe 3encral public ACﬁaerm7

[he eca/oﬂfcaf £ economic value of plant

S ﬁfct'fs :



‘-?S&,..d Banks

¥Seed Banks are an cffective wayy of conserv-
:hg (he fgene pool of'o)gam.'sm: of clifferent

bwea'es-
A seed bank is a collection of seecls of

!anli 6’hat are endan7cred oY exh’nd?m
{

@onditions that are not surtable for

@crmmahbn :
#* Jhese conditions incluce an mlrﬁa.rphere

low in moislure oncl 0xygen , and low
([emperalure -



* Orfhodlox seedls can be slored for a long
time period ]‘olfowm? dchydratl'on*

* Recalcitrant seeds cannot be sioved for
Wy, Ion3 fime pcw’dd oue lo [he dehyolmﬁbn
af [he seedl- Euamp(es of such seecls
‘nc.lude, Aubber and coconut plant.rccc{:.
>

B These seeds arve ucually qrown in botanic
79
gardens bejore fhey expire - Plan/s that

Qrow fmm These seecls are used as o

Source of colfech'ncj new Seeds.



(.
6 (a) The sea olter, a marine mammal that lives on the coasts of the North Pacific
ocean.

Fig. 6.1 shows a sea otter.

Fig. 6.1
’ Table 6.1 shows part of the classification of the sea otter.
) Table 6.1
@ | taxonomic group - name
| phylum Chordata
LAss........... Mammalia
order | Carnivora
}Em@_ Mustelidae !
genus.m | Enhydra ¢
species I lutris (.~

Complete Table 6.1 by adding the correct taxonomic groups in the two spaces provided. [2]




(c) Seaweeds, such as kelp, are large algae that can grow 1o be over 30 metres in length. In the
ocean along the coasts of California, USA, there are very dense areas of kelp called kelp
forests. Kelp forests are very productive and diverse ecosystems.

Fig. 6.2 shows a kelp forest

Fig. 6.2

The sea otter Is a keystone species in kelp forests along the coasts of California. This means
that sea otters have a larger than expected effect on other organisms in these kelp forests.
The loss of the sea otter would cause major changes to the kelp forest ecosystem and a
reduction in biodiversity




Fig. 6.3 shows part of a food web in a kelp forest. The arrows show the direction of energy

flow
-\—‘L}Ea i ___..l-"'"
| otters
-:::I""r A

p——

|l large fish

;f—

@ sea urchins | slarfish

small fish

T

other
small invertebrates

I |
| sea slugs | molluscs

animal plankion @

[ kelp other algae ‘ plant plankton

Fig. 6.3

Using Fig. 6.3, suggest and explain what would happen o the numbers of sea urchins, animal
plankton and crabs if sea otters in this kelp forest became extinct

sea urchins .. WU?J”WS (/UE){/ Mﬂ@ (:. e wa%
__._(m-c;?H&rJ Lepome. ez k)

animal plankton ﬂum’:?ﬂb U)d/ Gfemd éc m
0. 7 mOIUSCSS. Theverke ..




Most organisms are classified according to a taxonomic hierarchy.
The hierarchy is shown in Fig. 8.1 but the group names are not in the comect order

1 — kingdom

2 — order

3 — genus

4 — family

5 — domain

6 — class

[ — species

8 — phylum

Fig. 8.1

Complete Table 8.1 by writing the numbers in the correct order.

il
Table 8.1

AEAFAEAEARE

(2]

{(b) Members of the Eukarya domain share similar features but will also have several differences

Complete Table B.2 by stating the differences between the kingdoms Fungi and Plantaa
- " #-'_'":‘
Table 8.2

Fungi Plantae

type of nutrition /’}@Q)O f/g /!:J/zz.[t a lf/‘bl‘}’?f) M C.

storage polysaccharide Q/ﬂrﬂ}l
main component of cell wall Cef fu { 0S€

(e} Name the domain that contains organisms with a peplidoglycan cell wall




%

& (d) Viruses are not included in the three domain classification

Qutline how viruses are classified

_____________________________________________ st . .on. the LA o/~

the MU0t aecd Y M0 DNA 61 RIOA rive,

e DNARM.. iy, be. Sbngb Sranded.
sz’cﬁf/é’f/f/ﬁfwd&% f




Palm oil is a vegelable oil that is used very widely in food products. The oll is extracted from the
fruit of the oil palm tree.

(a) Oil palm trees have a higher oil yield than that of other oil-producing plants.

Fig. 8.1 shows the oil yield of four crop plants.

Sc00

5000 1

oll yield
/kgha" yr-

20004~

oil palms olives sunflowers  soya

beans
crop plant

Fig. 8.1

Calculate how many hectares of soya bean plants would be needed to produce the same
yield of oil as one hectare of oll palm trees.

Show your working and write your answer lo one decimal place.

answer ML hectares [2]




(b) Oil palm plantations in Malaysia and Indonesia have been created by cutting down rainforests.
This reduces biodiversity.

Outline reasons why it is important to maintain biodiversity.

ﬂ‘/ﬁm&zﬁﬂ#@mﬂ?&aﬁ ) te........

....................... fcoz em..§.. fo..concere.. / jc'mf‘/acr)(
/ﬁ&/ﬁ: ...... ADXS...

.. nm’fc&w/éamt

D (c) Palm oil companies are now being asked to produce palm oil in a sustainable way. This
means that no more deforestation should take place

@ Suggest ways in which individual consumers can encourage manufacturers to use palm oil
from sustainable sources.




9 (a) Compare the characteristic features of members of the kingdoms Fungi and Animalia. [7]

(b) Discuss the methods used in breeding programmes for endangered mammal species and
outline the problems that may occur with these programmes (8]

[Total: 15]

# eukanofit cells (1)

a) Sbmllaihes _/; %Z DNA bound b hsto

E? €l have a frae nugfeds

\ SOS 1bbmes )
hffcm/rt?bhﬁ: (1)

Fhegen ac stonge pofga

cr

BEEEES N -
)

. - - « .
- —
—_— - — —
— — —_— — ]
F B \ " 5 - -
g % ¥
\, i ) % # -,

5
1
r




9 (a) Viruses are not included in the three domain classification system as they have different
features from most organisms

D":’Sl:flr“-:l ”-IE' IEHI“[E'S {_'}f VITLISES

1) Viyss are acelluy
2) viyuses are partieles mwede ap of
protetne and nudele s

]y 3 Nudei acd oy be DA or RIOA

= 9 DNA/RNA Moy ¢ stigle shande o
dleable <banded!

. 6) @/DSUZEWQ/& c;b?ﬁ m/ﬁdn@d

7) Some viUses Paie an vkl

7 ]G?‘@Hﬂ pembrare enve/pe

R) fyuses surwre & Aﬁ_}.ma@ b ko He
hest cells
9 Uivases ane /27}"3?.(‘7(’12
n) Uintses have 10 Cyfoplasm
o

(8]

G

e]0]- ~ ole )

O
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¥ Classcfeabdn ~=2 #a xammjc
¥ bnmth;

Wl K‘)gdonx

:; X Qdanfm’ g, Guhinck Species

o X )feasms fbr endanjrermenz‘

¥ Ezan;dfs 7’— ev)-ayertd I/’é‘“«*'fs

X (onteriat@n ?f antmal \g)éea‘i"_r

* Assiired ﬁ;}&aducfﬁg feChn %afr

* Conserwatfon Of Iéfané' S]faeci'ifs

BE




(3) Ecosystem [ halxtat (i)

d; * %C_(‘ES Qre A Z)za ?, orydﬁ&mg WA
N <ontar h'?bf]b ologtar| and /bf?jrfd (gt
o (/e Loth tan Mferbreed fo

pka e offpergs A arns o
d  1he some Sheches e 1e éradu&é'ﬂf/j olared.
7

E :
v\‘ éb%fif@” s a Aéfa/zagj/ {df—mﬂ/gﬁq&?[

1 of (Evd
s e S e
ord 7he c-m/cm?gggf—) 17 AT fﬁ? live

and with whlfoh 7%;!:;/ Wievact-

¥ fobtiar A Ppdaten ¥ Peces 4cchnes

# Ni& * Qommané, #S Pockc evennes
it J X jgem ai&rtbufg

XS ab Uﬂd aNee.




L
2 cﬁmfﬁbns
Bfadrversm/' sefers [p -
-f/oea'es' oliversily (distussed [ater)

* Genefic oliversily (distussed [ater)
= 'Ecorys(e?n c(r'l/ersr{g (Orstussed [ater)

Z
Y Slabitat:

3f -oe]@.n" lo The p/ace Where an ar?am:sm
& [ves.
8
.J\hcfle
Funconal
JE Aefers Io [hc Aole of an oTganism n an

c.co.syr(e_.m -




PO&U/G tion -

Population rs o group of arganfms of The
Same species occupying o 0!1/&1 area at o

given fime .

dhoecles -

iﬂf [s O 3roup of argam‘sms hawhg simi'lar

dﬁysfo/ogfca! ancl movp hologrcal ﬁal&‘res
BYvhich can inTerbreed 1o produce fertile

Oﬁ‘!prmgf./fﬂ lhe orﬁamlsms of the same

.Fjoecr'er are ,ac)oroc[uchifdy isolafed -



Communr'f—y :
It sefers fo all The organisms of olifferent

/ooPu{a{'rbn: occupyinﬁ Qa 9r'van area af o

M/ven time-
%
&

qc"cos%:{em :
.lé' s o mlaﬁ'ue/y self- contorned,inleroct-

Bing communiy of fivin 0rganisms anol

(bivhe

lhe environment in which they live and
(be'OHc) 7

wifih which ﬁley mleract -
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L
S/ower Diversily y:

rJE sefers (o e oifferent I?/ocs of.s/oecfes

(richness) and The selative abundoance

evenness ) of each species within an
4 cosg.sfém

G} T Eeaes riChness -

l.9f 1efers Jo fhe oliffevent gpe of species
@!fhfn an ecosyslem -
X Species evenness

It aefers o he Aclotive abundance of each

S/)ecfe.s within an eca.rys/ém :



AddiHoral foms ...

A J'Eccr’er dislrroution .

It sefers o Ine spread of an organism.

- thin an eco.sy.s!em '

Z .
s Seecm.f abundance. -

iﬂt 1s [he lofal numoer of 0750""‘ ms of o

@parl‘fcu(m Speues in an e“"‘H"Em .
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* Species dl'uersr'ﬁ(" can be measured Using e

Simpsons index of dliversify (D)
The Simpson's Index of diversily can be

&
%
&

culaled using fhe ﬁ)ﬂowfn? exprecsion:

O
<
?
B

n'=no- of organisms of parficulow species

N-= botal no- of organiems of all the species

0= - gy

WhCTC;




.
2 Jhe value of D ranges from 0-1.Jhe closes
[he value @ 1, Ihe gre aler /s The species
diversily of an ecosysfem - Jhe grealer the
civersily sthe move stable is the ecosyslem

&
4
;, Kow value of D Mmay A€solt-aee fo ;

© ¢ Less numbey of different specres within

{
am eco.syslém -
E

Y e Dominance b& one oy more species within

an eco:ys/Em :




Genefic blbevsflf :

AV TLAUARAST

x Genefic diversily /s The diversily of alleles
within The genes in the genome of a <ingle

Species -
™

4 Genelic dl‘vusili{ can be assessed by finl-
&

Q_hﬂ out what proportion of genes have
'hﬁ'm'ent olleles and how many alleles

=
hw& nre pcw 9em,-
Genche.
4 chm(y /s meo:rfunt n pvovfdm? /oopuia-
fions with the abrlily o adapt 1o chainges

n brotic ond abiotic fado‘rs > Sueh as



compefition with other Species, new Shans of

disease , changes in lemperalare , rainfall §

humid:’lif -

. E‘co.rzs/em ;vacm@ :
z;- An ecosyslem (s o 1ela+r'vd7 self -con tain-
-cof unit in which biotic and abiotic fatlors

fn/e'mct :

B+ Biolic faclors are all the {;}/m? organisms

within an ecosysfé'n :




x Abiotrc faclors ave all the non-/r'wb?
componen(s of an ecosyslem ,such as external
lemperalure , availablily of waler ¢ oxggen,
humidﬂq anol Aainfall.

2 Znamples of ecosyslems include

'Jrapfcaf Tamforest
° S‘andy desert
® COTﬂ’ lefeﬁ

™
7
&
O
{
),
&
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(b) Table 8.1 shows the results of the sampling of field A
Table 8.1

number of

individuals (n)
e

species

Scabiosa columbaria
Centaurea centaurium
Primula veris

Trifolium pratense
Leucanthemum vulgare
Silybum marianum
Anacamplis morio

lotal number of individuals (N)
— e




Simpson's Index of Diversity (D) is a value of the species diversity in an area

» 0~ ~BosNa

The formula for this is:

2
n
b ;
D 1 ( ‘—[ N) ]
¥ =sumof
n = number of individuals of a species
N = number of individuals of all species
(i) Complete Table B.2 for Primula veris.
Table 8.2
species n
Scabiosa columbaria 13
Centaurea centaurium 15
Primula vens 26
Trifolium pratense 3b
Leucanthemum vulgare 11
Silybum marnanum 5
Anacamptlis morio 8

: [

N N
0.1 0.01
0.13 0.02

023 | 0-05.

0.32 0.10
0.10 0.01
0.04 0.00
0.07 0.00

Z=009 U

(i) Use the data in Table 8.2 to calculate Simpson's Index of Diversity (D) for field A.

Show your working and write your answer to two decimal places.

O=1-(2(%)) =1-049 = 081

D

(ill) The value of D for field B was 0.45.

Comment on the values of D for both fields.

S 08/ ................................... (2]
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(a) Explain what is meanl by the term biodiversity.

¥ BRdbrCh . (b hrd{‘ifﬂr
czi' and. e 5fs

(b) Simpson's Index ol Diversity (D) is a method of assessing biodiversity.

The lormula for Simpson's Index of Diversity is:

¥ EH
N
n = number of individuals ol each species present in the sample
N = total number ol all individuals of all species
() In an investigation of biodiversity in a pond, samples of pond animals were removed
using sampling nets. The species of each animal was identified and the number of
individuals of each species was recorded.

Table B.1 shows the results of the investigation.

Calculate Simpson's Index of Diversity by completing Table 8.1 in the spaces provided
Record your values lo three decimal places.

Write the value for Simpson’s Index of Diversity on the dotted line. Record your value o
three decimal places

Table B.1

n n
species number N l N l

Rana lemporaria - 10 - 0.042 - 0.002
| Leucorrhinia dubia - 35 | 0.148 - 0.022 | O = -f- - 0 '2' H
: Hydrometra stagnorum | 50 '_ 0.212 0.045 =0-F 2,?.
Lymnaea slagnalis 0.186 0.035

- Gammarus pulex | a7 0-41] - f&?
total | £-0-2 73

Simpson’s Index of Diversity (D) =




(i) Explain what this value for Simpson’s Index of Diversity shows about the diversity ol the
pond

. D=0-327 % a._ alue Closery fod.......
. zﬂdc?:wc:r/?@ a/ﬁec&: Fverstly..




Table B.1 shows the total number of plant species, the total number of insect species and the
number of habitats in three areas, A, B and C

Table 8.1

total number of plant | tolal number ol insect
species species

number of habitats

6 5

70

Identity the area with the highest biodiversity.

Give reasons for your choice of area.

Identify the area that is likely to be affected the most if the environment changes.

Give a reason for your choice of area

area ...... ;1 .....

?f?frd?é'defOCaff7770ﬂf7ﬂ‘fE’GUf//
mmwm? |
(1]
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(b) State the term used to describe:

the functional role ol a species within an ecosystem

physical factors in the environment such as temperature and soil pH.

(3]
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Sa me(zh?

x The Process of fakfnﬁ samples lo delermine
species frequmc Y distribution , demr’l? :

abundance and for Paantaﬁe covey within

&

n €.os Hx T

Jhere ave (wo ways To samplc araamlsms

N\,

fntom sonpy %&mggifmﬂ

elol- ~ ¢
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ammals sucked
m in here
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~ &0 SN

gauze over
— sucking tube
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0 Random [unbfascd) \fﬂmEhhﬂ
Random mmPIr'nﬁ is cariiec| out If fhe

phy.sr'ca! conditions within on eco&y&fém

& are uniform and (o1 here is po cleas
% s . ,
PGH“"“ of distribution of organisms.
Randam Jamph'ng 1s carried oul "ang the
<
?

fo Howrng procedure :

E
B ) Mark off an area of (he ecosyslem

using o mc,a:urmg fape
2) Deleymine the size and (e no- of quad-

Auls [0 be used eq 25 quadrai’s each with



an nrea af im? .
3) place [he quadmfi random17 at e coor.
dinales 3encmfed by & mobife app or o

bmndom numbes ganera?br*

74
4) Collect the ovﬁam:sms within each qua-
O

¢ drat U.Smﬂ nels /hﬁPg /Poofe;.

@5) Jdenf{'fy the 0Yganisms using clichofom-

OuUs Keys (each gs has (o Aesponses —

yes 07 no).




Does it have fur?

Does it have feathers? -
Doves it have dry sidn? .
Vit My

i E!E _ _-




.
6) Defermine the _cpcaar/rc?aency fdensily [
abundﬂﬂ&/pementaye cover .

No -of quadrals with

fhe sheci
+Species fregucncr - i x 100
fal

no- of quaclrals

total no -of orgam’sms

Speciesclensily = 1 i bt

folal area ofall
quadrals

o]0]- ~ olo NG

x pevcentoge cover is used for gracsland ov
other immofile Species which grow in a Specific

manney - Biaun- Blanyuez‘ scale s used o



9u antify percen taﬁe cover -

scove
oA
+
1
& 2
Y
3
5 b
¢ b
>

o
%o OUCY

<l
I-4 7
5-257.
26-50].
51 -57.
>157.

a Mark off a seporale area within the

Same cco.sysfe'm ancl 7cpcaf Jam/ah‘n? u:rhn.?

the same number and size of fhe guadmals

{ Az,h'abf{f'{i” -



8) Iafclil precautions:
) J'fﬁ!y with [he group lo avosd 9cﬂrn3 (ost.
b)Wear prolective C/ofhr'n? ¢ gloves o avord

&illerqgles.
~

=d) Wear mask [5 ovord inhalation of pollen.
O

€

)

E







-
@ Jgs lemic § amehh?
¥ Syslemic sampling is canied out if Ph”wtal

conditions (Such as rain fall, soil pH,sorl woler)

. _
within an ewsydcm change-

2y Syclemic samph‘n? is carzied out using the
<
>

rlowr’n? p'mce.dun :

0
ﬂandomiy select a :farﬁng por'n(' ancl

/qn, down the mc.mun'ny (cipe alongfhe (ine

Hl the man’hy area -




2) qu/a!:'nﬁ orgo nism annﬂ the line s known

as o Jransect-

3) Transect is of (wo lypes:
a) Kine Jransect
b) Belt Jransect

%
&

B
i

) Line Jransect involves Jampfmg araamk-

alonﬁ a line at 1¢Qu [@r inlervals. The

@ 'rgam:ms sampled are vepresenled guali

haﬁ'vehl usm3 ch'agramy




5) Belt Jransect (inlenupled )involves
J‘am,)h'na o:gam‘:ms alonﬁ o line by )olacfng
quadmﬁ at /u?ufm inleivals- Jhe Aesulls

pbtained ore quantitative ancl Yepresm{'éd

E«fnﬂ bar charls o7 Kife dr'agram:-

) Orgﬂnisms are collecled via lraps [nels |
?

0oler and identified using icholomous keys.

a""’.Dt:h'frmfr:u: J‘pca'es fmzchcy/demf(y/
dislribution .

8) Repeat Sampling ot different fimes of

the year
o



%;
%




9) Select o different 3Mr7!'n7 /oo:‘nf ancl
Aepeal lransect o ensure 7e/r‘ab:'lr'f'7 .

1) J‘afclq frccauﬁans:

9') J fa’y with [he group o avord 9cﬂr‘n3 lost.
&) wear mecchvc c/ofhm? £ gloves [o avord

alley gies-

¢) Wear mask [5 awvord inhalation of pollen.

O
¢
>
E




¥ Differences blw line and belt (ransect :

Kine Jransect

'lef.rs fﬁJamP!mﬂ
&)7gansme at 7e3ulm

4
n!Ewmfs alonq a line.

i' Offers qualitative

[®E}alo -
Q _
* Dald of aline Iran-

sect is vepresenied

uu'ng 0 dr'ogmm-

Belt Tra nsect

* defers fbmmp!mﬂ
argam'sms at 1cﬂular

inlervals along a line:
by placing quadlralt -

* Offers quantitative
dalo -

* Dala of a belt Iran-
sect is vepresenied
usfrlCJ o Kile dragram

0Y bay chart -




Species A

Species B

Species L

Species [

100 oo

300

Species Abundance

M0 500 700 900

Distance from Shore (metre)

1300
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Example of a Population Estimate
using a Mark-Recapture Method in a Closed Population

- N
-

-

Before sampling: all fish in o pond 10 fish are captured, marked, and
(closed population) are unmarked released back into the pond

The somple shows that 5 marked
and 5 unmarked fish were coptured




Z‘ch’mah’nﬂ PoEuIaﬁ'on % ( N)q[ Mobile
Organisms * mark - release- recapture method *

* Jhe populalion size of mobile organisms
&can be deleymined usihg the mark- selease -
0

4¢cqpfure. mefhod -

O

> Jhe melhod involves fhe foﬂowmg sleps
? / _ .

E) Collect o sample of 0rganisms using nefe

at:n' traps and mark them with a non- foxic

paint-in sdch a way fhat I dossn't harm
the ayam"gms-
%) Count the orqunisms ()



3) Release the orgam:rm.c and allow Sufficient
fime To mix with their /bopufafronf

4) Recaplure a Second sample of organisms
&and count them (n,).
Z
) (ount how mony of [he secaptured
O

< ryam’sms are marked (np).
?

E) l)opu lation si2e can Therefore be delevmine
Q
.mmg the expression:

N= nixn, Aincoln's Index

Nm




N
Assumptions for the volidily of this mefhod:
) Paint oloes not affect mobi(f/f/ of organisms.
2) Paint oloes nol affect survival of 0rganisms

1) No migration of organisms.

N €5

O
<
>
E




# The numbes of voles collecled n paifi-
culay ccasg.dém weve 2U1- Rl of fhese voles
were marked with o non- (oxre paint ancl

releasecl -

A/ second sample was collecled the next doy
3) Vhe folal no- of voles cauﬂht in the second

Jsample were 259. Sixteen 47/ these voles were

o0l ~ oo S Ig

marviked - Estimale e population size:

w: N= 247 x 259
(6

N = 3498
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(a) Describe a method that could be used to estimate the population size of a mobile animal,
such as a brown rat.

X wrk— f*r?f UE ~ - "?‘f’ﬁ]@ Ule.. 7 rfr:ﬁ*u:f'

__________ , :_'__;::”w‘w hon.
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(a) Sampling is used to find out the variety of species in an ecosystem and the size of the
population of each species

A study was carried out to investigate the biodiversity of two fields, A and B.

Field A had not been used for growing crops for 10 years. Field B had been used for growing
crops until one year before the study. Random sampling was carried out.

Describe how random sampling could be carried out on plant species in the two fields

.Sk off.. . &G &N, uUshg.. meosantns. Ak
¥ Adenile S aaith

_.Aandom.. .numbey. aneadny ..
& Plce. A5 ouadrds. . @ach. coth.an. area.of
o dm? ot e co-oudiniares. genertad
X.CRErmre. the. Soccr. K my and ..
. Qbuncmee.... ! Y

v tvermbe The. .. er. .czs@ The. Braun-
s fﬁhﬁ%ﬁ LAl
X SO F%f YQGU!(\”‘{'?%/%E’ Same. way. . 4]




(a) Sampling can be used to find the distribution and abundance of species in an area

Students sampled a rocky shore from a high tide area to a low lide area. They decided to use
a belt transect

Describe how you would carry oul a belt lransecl to assess the distribulion and abundance of
arganisms in an area

i~

Kby Q. meaurs. ffe. alk

E: o2 ‘fw Le. shoyd exkrd. ﬁu.r?- ’? ’/
;"E';-"ZL‘J!_. hite ama.. B S
e Ruahak L,{fr..t,fn{*z:d art.aepdlar. endl,
['..‘ﬁ‘_ifi*??ﬁ’__ ..f{}'*;:-ﬁ*. ...—-"'rz! e’ (¢ ‘nkn ﬂffx"ifﬁ?( 2 (lp () (o= ® j
* _cﬁ‘g’%f-?;rzfﬁtg Jhe.. ot *3 1@;{&% a..cnd
Aburdahne...... .. o T
s bebermbe /he »{ Loty udre.. The....

Ban.—EBlang ,;;.-:_z? ...... Jcz/e
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The passage below outlines one method used by a student to estimate the population size of an
animal species.

Complete the passage by using the mos! appropriate scientific term or terms

A student estimated the population size of an animal species using the mark-release-
ﬁwufd’ lechnigue. This can only be used lor 7”0% ........... animals such
as mice.

The student caught a sample of mice using humane traps. The student then

marked the mice in a way that did not ... ﬁarm ........... them. For example,

the mark did not make them more visible to potential ..... /71’84(&/55355 . I'he student released
")

the marked mice and left enough time for them to randomly ........ m{z seeeeeeeee. With the

population.

The student then caught a second sample of mice and noted the numbers of marked
and unmarked mice.
The student estimated the population size by multiplying the number of mice in the first

sample by the number in the second sample, then dividing by the number of

. M«Ed ..... mice in the second sample.

6]




(a) Describe how random sampling can be used to assess the distribution and abundance of
plants in an area. [6]

(b) Describe named examples of threats o the biodiversity of aquatic ecosystems and terrestrial
ecosystems 9]

[Total: 15]
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CORRELATION
x Comvelation 1s used /o oleTesmine an assoeintion

blw lwo variables .

a Correlalion can be lineaz o7 non- lineay .

g scaller plot can be used o olelermine
&
N /he correlation is linear 07 non- lineay -

variable A
41\

)
=) #
£
£ ]rg 1o

>
vorioble B
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>
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variable A
AN
¥

X
X
x .
% . ng 1e

>
m varioble B

74 :
Ex 3:9 I and 1b show lineas correlation

O
W bw variable A and 8 .

)

1b — ncgatr've linemr correla fron
xﬁfg 1c and Ld show non-linear egyrefation

lon — Posr’ﬁua linear correlation

blw variable A and B .

e — /oo.u'h'w, non- linear correlation
{d — ncgatr‘ve non-linemr correla lory



¥ /9 1e showe no correlation biw varia bles

A and 8 -

x Jhe scalfer plot can be ofrawn mma fhe
EJW& 0btained from guadrals in yandom
aampfmg 07 Syslematic sarmpling (belt

o
W ransect)

@ Jhe Slren iﬂ' __L[_corrolahorub/w (wo

m'rrabfes can be delermined usmﬁ o

guantitative /oammdéz Known as comelation

Co cﬁ‘i‘uénf‘ -



* Jhewe aze [wo fypes of correlatior coefficiertls
o) Pearson's linear conelation coefffent (r)

) 0 )
mb} Speaiman's rank corelation m;ﬁfrcfenz‘ (7s)

% ;
E’l Conrelation nevey echablishes OL
nfab'omhr‘p-

<
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(a) Sampling can be used to find the distribution and abundance of species in an area

Students sampled a rocky shore from a high tide area lo a low lide area. They decided lo use
a bell transect

Describe how you would carry out a belt transect to assess the distribution and abundance of
organisms in an area

. [3]

(b) The results of an ecological investigation may suggest that there is a relationship between
two variables, for example the abundance of a plant species and light intensity

Scattergraphs can be drawn between the two variables.

(i) Fig. B.1 shows three scattergraphs, A, B and C

Fig. 8.1

State which scattergraphs show a relationship between the iwo variables, x and y

(i) Name a statistical test you would carry out to assess the strength of any relationship

_ Pearn’s o corvelantn. @effidtnt,




L
) ¢ »
Jearson’s Cocﬁrcrenf :

* Peavson s convelation coefficient (1) is usecl
if:

m‘) Jhe dalo /s now'morﬂy oistribuled

Z.2) Jhere are atleast 5 poirs of dala sels -

Y3) The scaller plot shows linear comelation.

4) The dala is continuous -

.
<
?
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* Jhe value of 7 ¢an be colculated using
the expression:

7= éanl-niy“

n£x$v

n — pairs of dafa (no- of quadrals ]

1 — mean of voariable x

y — mean of vmr’ablcy

dx = standard deviation of »

0] ~ 0]o NG

O

8y — Sfandard oleviation of Y




¥ values of ¥ range belween
-] &7 £+

o —/- pe 7fect nc?ab'n
e +/: pcrfccf /Dosiﬁ'ue.
* 0= no corelation.

» J/EP! — make o hull hypofhcm

+ Slep 2 — calculale the volue of v

BEEEEEN

¥ $ep 3 — odefesmine the dcgmr of
freedom (n-2)

¥ Jfep 4 — use Pearsons fable like X 75-
table 1o accqaf 07 njecf the null hgpofhcn’s



Fuomple | No-of individuals| No-of mdividuals
Quadrat | of specres P(x) of species @ (y)

[ /0 =y
9 9 20
3 I 22
2 4 7 17
B s 3 6
M ¢ I4 23
> F (0 X0
8 ; 2 24
9 12 22
lo 9 19




.
mean 0f X = (9.2

meon ofH: 20-Y4

SP of 2= 20

3D of Y < 2-55

é('xa) = A12Y

ﬂéxJV

0] ~ 0] NG

Y= 2124-0(10-2)(20-4)
10 (2-10)(2-55)

= 0481




. ,i)c.?nc of fraedom =(n-2)=(10-2)-8

* The null hvpofhculr /s 77'&6./2:! because

9/«: coleulaled value af Pearson's (s

grealer fhan the enitical value fhe:re.fore,

eve S O sl'm'hg /Janﬁve. inear correlation

[w dpeciee P ond species Q-




{¢) In another experiment 10 subjects were each given a different concentralion of caffeine.
The reaction time was measured 5 times for each subject and a mean calculated.

Table 1.2 shows the resulls

Table 1.2

subject 1 2 3 4 5 B 7 B 9
concentration of caffeine/mgdm—= 0 40 60 80 | 100 | 120 | 140 | 160 @ 180
mean reaction time/ms 355 | 343 | 340 | 321 | 300 | 305 | 288 | 262 | 242

Fig. 1.1 shows the graph produced by a compuler programme for iha data

400 TTTITTTITITTIT

sOfE R Rt
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100
concentration of caffeine /mgdm

0

Fig. 1.1

Based on this graph the student decided to use a statistical test to find the strength of the
comelation between the concentration of cafleine and the mean reaction time.

(i) State why Pearson's linear correlation test is suitable for the data

- 1]

(i) The results of the statistical test gave Pearson's linear correlation, r= -0.722

State whai this value indicales about the relationship between the concentration of
caffeine and the mean reaction time

L?W nejaiike lneat_cosseator.......




Table 1.3 shows part of a table of critical values for Pearson’s linear correlation test (r).

Table 1.3

number of probability level (p)

pais oo 0.10 0.05 0.02 0.01
| 1 1 0.988 | 0.997 ‘ 0.9995 | 0.9999
2 | 0.900 | 0.950 | 0.980 | 0.9%0
| 3 ‘ 0.805 | 0.878 ‘ 0.934 | 0.959
| 4 - 0.729 | 0.8N -D.EBE | 0.917

5 1 0.669 | 0.754 - 0.833 | 0.874
| 6 | 0.622 | 0.707 | 0.789 0.834
| 7 ‘ 0.582 | 0.666 . 0.750 | 0.798
| 8 | 0.549 - 0.716 | 0.765

9 | 0.521 | 0.602 - 0.685 | 0.735
| 10 | 0.497 | 0.5/6 | 0.658 | 0.708

> (lii) Describe how the student calculated the degrees of freedom.

. 1]

2|0

(iv) Describe how the student used the probability table to find out if the value for r=0.722 is

significant. —_—
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(a) Describe a method that could be used to estimate the population size of a mobile animal,
such as a brown rat

(b) The soft rush plant, Juncus effusus, grows in many habitats in Northermm Europe. An
investigation was camed out to assess whether there was a relationship between the height
of soft rush plants and the altitude at which they grow on exposed hillsides
The mean height of 10 soft rush plants was calculated at each of eight different altitudes.

The results are shown in Table 8.1

Table B.1

mean height of soft rush

altitude/m
plants/cm

100 , 85
150 86
200 B3

250 79

300 72

350 74
400 68

450 63
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The stalistical test, Spearman’s rank correlation (r,), was applied to find out if there was a
relationship between the altitude and the mean height of the soft rush plants.

(i) The formula for calculating Spearman’s rank correlation is

r,=1- E-f},'D"')

n-=n

. ¥D? is the sum of the differences between the ranks of the two samples
. n is the number ol samples.

In this investigation the value of £D? is 164,
Calculate the value of r,.

Show your working and write your answer 1o two decimal places.

% /6;</64>
( @3_
= =095

3

(i) Use your value for r_ to evaluate the relationship between the altitude and the mean
height of the soft rush plants
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1 Fig. 1.1 shows some of the plants growing in a pond and on the land around the pond.
Some students decided to investigate the changes in the distribution and abundance of species of
land plants at different distances from the edge of the pond.

They started their investigation at the plants growing next to the water, as shown in Fig. 1.1.

land plants

waler plants

start of investigation

Fig. 1.1

® 0~ ~0 oN|g

(a) (i) State the independent and dependent variables in this investigation.

independent variable d’ WM , M £ #ﬁ .................. o f- #e ......

dependent variable .. ﬂ?s Mﬁ’qffbn g’ Qbﬂm 0 ......




(i) Describe a systematic sampling method the students could use to find out how the
distribution and abundance ol the plant species changed as the distance from the edge

of the pond increased

Your description of the sampling method should be detailed enough for another person




(b) The students also collected samples of soil at different distances from the pond edge and
estimated the water content.

The students wanted to find out if the water content of the soil at the different distances
sampled was related to the number of different plant species found at the same distances.
To do this, a Spearman’s rank correlation (r,) was carried out using the data in Table 1.1.

walter conlent

sample | /arbitrary
units

1 28
m 2 26
é) 3 21
& 4 18
{E} 5 15
4 6 14
> 7 15
D 8 14
@ 8 13
10 13

rank

5.5

7.5

5.5

7.5

9.5

9.5

Table 1.1
number of
species i

3 10

4 9

5 8

6 7

8 6

9 45

10 3

9 4.5

11 2

12 1

The formula for Spearman’s rank correlation is:

;1.;1 ‘

6 }_[]‘r
'—n |

rank
differance (D)

2.5

1.5

8.5

20~ 317

81.00

49.00

25.00

2.00

0.25

9.00

6.25

8.00

56.25

72.25

r.= Spearman’s rank correlation

n = number of pairs of observations
D = difference between each pair
ol ranked measurements

}_ = gsum ol



Complete Table 1.1 to show ¥ D?

Usa the information in Table 1.1 to calculate the value for r,
Show the values for

e  =l- Ex3H
10°-10
= -0-92
Fm s -0-92 .. [2)

e n=n

State what the value for r, shows about the relationship between soil water content and
the number of species present

XY r4gakire canelaroy ...

{c) (i) The group of studants then investigated the relationship between soil air content and the
number of different plant species at the same sampling points

The students calculated the r, value as +0.86.
Table 1.2 shows part ol a Spearman’s rank probability table

Table 1.2

n (number of pairs) 8 ]
pP=005

significance level 5%
P:d.ﬂf

significance level 1%

0.738 0.700
0.881 0.883

The students concluded that their r, value of +0.86 for the relationship between soil air
content and the number of species present was significant at both the 5% level and 1%
level

Explain how the students reached this conclusion

% Students _derermined fhe. cn"%m-q,t
w[&" r’; ar $% (0:6i8) and 15

Sanc. |
ZE cu/czzﬁ:?z?d ale ¢
3 greaker. hap the.crtt




Based on the result of their Spearman’s rank test and the significance of the r_value, the
students concluded that:

Soil air content caused the difference in the number of plant species that could
grow at dif ferent distances from the edge of the pond

Suggest why this conclusion may not be valid.




{e) The number of prescriptions issued for antibiolics varied considerably between clinics.

The researchers wanted to find out whether there was a correlation between the number of
prescriptions for each of the five antiblotics issued by a clinic and the percentage of urine
samples conlaining resisiant E. coli

Spearman’s rank comrelation test was used lor this analysis.

The results of this analysis are shown in Table 2.2,

Table 2.2

antibiotic Spearman’s rank correlation coefficient [r,}

cephalosporin 0.30

trimethoprim 0.62 -p%;nd'h@ -

co-amoxiclav 0.23
ampicillin 071 G mﬁw
quinolone 0.44 3;7}“' V7]

Table 2.3 shows the critical values for r, at five levels of significance for the data collected in
this study:.

Table 2.3

level of significance (p) | 0.20 0.10 0.02 0.01

critical value of r 0.240 | 0.306 0362 @ 0425 | 0.467

—
—

(i) Suggestwhy the Spearman's rank corelation test was used in this study

. Nor ncrm@

(ii) State a null hypothesis for the Spearman’s rank correlation test for this study.
]

Nt coielalitn b *he 10; c?f
and e of chly, m?gﬂc:

~Cofe
(ili) Using Table 2.2 and Table 2.3, identity which E’lﬁleIDIICE shuwad a statistically significant
correlation between the number of prescriptions and the presence of reSISTanT sirains of
E"CON In urine Eamples Give a reason lor your answer,

anibiotics . T Y UNRLHODAM, AN /A‘a?/m ....?czé’va/mf......




carbon dioxide production of suspensions of Chlorefla. All the suspensions were kept at a
constant temperature. The students used a probe to measure the production of carbon dioxide
in the suspensions of Chilorella.

The results are shown in Table 1.1

Table 1.1

cell density in suspension | carbon dioxide concentration rate ol carbon dioxide

farbitrary units after 15min/mgdm™ production/mgmin™!

m (¢) The students carried out a second investigation to determine the eflect of cell density on the

7
&
8
{

10 2.0 0.13

| 2.4 0.16

- 0.20

0-3/

0.49




(i) Complete Table 1.1 by calculating the rate of carbon dioxide production for the cell
density of 40 arbitrary units (1]

The students used FPearson’s linear correlation to test the hypothesis
As cell density increases the rate of carbon dioxide production increases.
(il) Suggest a null hﬁ_,rpr:nhems for this test.

Ex) ﬂuﬁﬂ c:nﬂ(' (BLelahon . Hefween

(ili) The Pearson's linear correlation coefficient (r) was calculated as 0.85.

State what the calculated value, r = 0.85, indicates aboul the results.

HELGIYONY.....o

® 0~ ~0 oN|g

(iv) The students concluded that the results showed thal their hypothesis is correct.

Explain why this conclusion may not be valid.
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(b) Outline how degraded habitats may be restored, with reference to named examples.
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