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Biodiversity

Biodiversity
Biodiversity

= Biodiversitycanbe thought of as the variety of life that exists inaspecified area
= This canreferto globalbiodiversity,orto the biodiversityofasmallerregion
= Biodiversityis veryimportant forthe resilience of ecosystems;the more biodiverse an
ecosystemis,the more stable and resistant to change it will be
= Biodiversitycanbe studied at three different levels:
= Ecosystem
= Species
= Genetic

Ecosystem diversity

= Thisis therange of different ecosystems, orhabitats, within a particular area
= |fthere are alarge numberof different habitats withinan area, then that area has high biodiversity
= Agoodexample of thisis acoralreef;reefs are complexwith many microhabitats and niches
to be exploited
= |fthere are onlyone ortwo different habitats thenanareahas low biodiversity
= |large sandydeserts typicallyhave verylow biodiversityas the conditions are very similar
throughout the whole area

Species diversity

= Species diversitycanbe measured intwo ways:
= Speciesrichnessis the numberof species withinanecosystem
= Species evenness is the number of individuals of eachspecies withinanecosystem
= Foranecosystemto have high species diversityit must have highspecies richness and high
species evenness
= Anecosystemwould notbe species diverseifithad 1000 species,butonlyhad afew
individuals of 500 of those species;this would be highrichness butlow evenness
= Anecosystemwould notbe diverseifithad 10 species and had thousands of individuals of
eachspecies;this would be highspecies evenness butlow speciesrichness
= Ecosystems with highspecies diversity are usuallymore stable thanthose withlowerspecies
diversity as they are moreresilient to environmental changes
= Forexampleinthe pine forests of Floridathe ecosystemis dominated by one ortwo tree
species;if apathogencomes alongthat targets one of the two dominant species of trees,
thenthe whole populationcould be wiped out and the ecosystemitis apart of could
collapse
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Genetic diversity

= The genetic diversityis the number of different alleles of genes that are present
= Thiscanbeinanentire speciesorinalocal population
= Factors that contribute to genetic diversityinclude:
= The proportionof genes that have more thanone allele
= The numberofdifferentalleles thateach gene has
= There canbe genetic differences ordiversitybetweenpopulations of the same species
= This maybe because the two populations live indifferent areas and so are subject to slightly
different selection pressures that affect the allele frequencies in theirpopulations
= There canbe genetic differences betweenindividuals within a population
= Genetic diversityinaspeciesisimportantasitcanhelp the populationadapt to,and survive,
changes inthe environment

Types of biodiversity diagram
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There are different levels of biodiversity, such as ecosystem (habitat) diversity, species diversity, and
genetic diversity
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Biodiversity Comparisons

Biodiversity change over time

Current estimates forglobal species diversityvary,but recent estimates suggest that there
could be around 8.7 millionspecies onEarth
= Around 1.2millionspecies have currentlybeenrecorded and classified, meaning that if
estimates are correct, there are stillmany more species to be discovered
The numberofspecies onEarthhas not always beenthe same;the fossilrecord shows that:
= Manyspecies that have existed inthe pastare no longerpresent
= Thisis due to extinction
= There are many more species alive today than have beenalive inthe past
= The process of speciationleads to anincrease inthe numberof species
Whenspeciationoccurs at ahigher rate thanextinction, global biodiversity willincrease
Despite manyextinctions occurringoverrecentyears, periods of speciationinthe past mean that
global biodiversitylevels are still higherthan everbefore

Speciation gives rise to new species over time, increasing global biodiversity
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NOS: Classificationis an example of patternrecognition but the same
observations canbe classified in different ways

= The accuracyofthe estimated numberofspecies onEarthis dependentonthe process of
classification
= |fspecies are classified correctlythenestimates willbe more accurate
= [fspeciesareincorrectlyclassified togetherthenestimates willbe too small
= |[fspeciesareincorrectlyseparated thenestimates willbe too large
= Classificationcanbe subjective;itis notalways easyto determine the point at whichone
species hasbecome two,orwhethersimilarorganisms are of the same species,orare two
different species
= |tcanbe said thattaxonomists are either
= 'Lumpers’
= Lumpers focus onsimilarities more thandifferences, and are more likely to classify
species together
= 'Splitters’
= Splitters focus ondifferences,and are more likely to classify species separately

Reasons for Extinction

Anthropogenic Species Extinction
Anthropogenic extinction

= Extinctionthathas beencaused byhuman activities is referred to as anthropogenic extinction
= Scientists believe that we are currently experiencing amass extinctionevent, and that human
activities are playingalargerole
= There have beenfive mass extinction events inthe past,so the currentround of extinctions
could be the sixth

Anthropogenic extinction case study: NorthIsland giant moas

= The Northlsland giant moa (Dinornis novaezealandiae) was alarge, flightless, herbivorous bird that
lived inNew Zealand until the year1300

= Humans arrived in New Zealand between1200-1300, and itis thought that the moas were hunted
to extinctionby humans by 1300
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The North Isfand giant moa (Dinornis novaezealandiae) was once thought to be several different species
of moa due to size differences between larger females and smaller males, hence the image here being
labelled with a different species name

Anthropogenic extinction case study: Caribbean monkseals

= Caribbean monk seals (Neomonachus tropicalis) lived in the oceans around the gulf of Mexico and
the Caribbean, and were declared extinctin 2008, thoughitis believed that theymayhave gone
extinct before this

= Theirdocile nature and theirhabit of lying out onthe rocks meant that these seals were easyfor
Europeancolonists to hunt for their oiland meat
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CCBY-SA 4.0 via Wikimedia Commons
Caribbean monk seals were hunted to extinction to provide humans with oil and food

Anthropogenic extinction case study: student choice

= Athird case studyshould be chosenand researched
= Considerthe followingfactors
= Thespecies chosenshould be fromalocalorfamiliar region
= The species musthave gone extinctdue to humanactivities
= Thecase studies above give anindication of the level of detail required
= Examples ofextinctspecies fromdifferent parts of the world include:
= Baiji(Lipotes vexillifer), a species of riverdolphin
= Passengerpigeon (Ectopistes migratorius)
= Paradise parrot (Psephotellus pulcherimus)
= Goldentoad (/ncilius periglenes)
= StHelenadarter(Sympetrum dilatatum),aspecies of dragonfly

Q Exam Tip

Youneed to be able to discuss the causes of anthropogenic extinctioninthe context of three
casestudies:

= Northlsland giantmoas
= Caribbeanmonkseals
= Athird species of yourchoice
Note thatyoudo not need to use Latinnames whenreferring to speciesinanexam.
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EcosystemLoss

EcosystemLoss: Causes

= Thetermecosystemisusedto describe all of the living organisms inanarea, along with their
interactions witheachother and the non-living environment

= Humanactivities are responsible fordamaging and destroying many ecosystems around the
world

= E.g.thedestructionofhabitatduringdeforestation

Anthropogenic ecosystemloss case study: mixed dipterocarp forestin
Southeast Asia

= Dipterocarps are afamilyof trees that occurinthe tropics,and thatonce formed acrucial part of
acomplexrainforestecosystemthatdominated Southeast Asia

= Theserainforests are being graduallylost, withsome parts of Southeast Asia havinglost more
than50 % of theirforests

= Forestisoftenlostdue to apractice knownas clear-cutting, where allof the treesinanareaare
cutdownand removed

= This provides timberand clears land foragriculture, e.g. palm oil plantations
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K.Yoganand, CC BY-SA 4.0, via Wikimedia Commons

Dipterocarp forests used to dominate Southeast Asia, but are being lost to deforestation

Anthropogenic ecosystemloss case study: student choice

= Asecond case study should be chosenand researched
= Considerthe followingfactors

= Theecosystemchosenshould be fromalocal orfamiliarregion

= Theecosystemloss mustbe due to humanactivities

= The case studies above give anindication of the level of detail required
= Examples of ecosystemloss fromdifferent parts of the world include:

= GreatBarrierReef, Australia

= Northern Great Plains, North America

= Mangrove forests,various locations

O Exam Tip

Youneed to be able to discuss anthropogenic ecosystemlossinthe context of two case
studies:

= Mixed dipterocarpforestsinSoutheastAsia
= Asecond case studyofyourchoice

Page 8 of 19
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

Loss of Biodiversity

Biodiversity Loss: Evidence
The evidence for biodiversity loss

= To fullyunderstand the nature and extent of the biodiversitycrisis, solid evidence onthe world's
changing biodiversityis required
= Forsuchevidence to be trustworthy,it needs to containsufficientdataanditneedsto come
fromreliable sources:
= Many reliable biodiversity surveys need to have beencarried outinawide range of
habitats
= Repeat surveydatais needed overaperiod of time
= Bothspeciesrichness and species evenness need to be assessed
= To maximise the volume of data, 'citizenscientists' can help with surveywork
= Citizenscientists are members of the public who help to gatherdata
= Dataneed to be expertlyanalysed
= Drawingtogethertheselarge bodies of evidenceis ahuge task,and suchworkis oftencarried
outbyorganisations that work across multiple governments, e.g.

= |IPBES
= Intergovernmental Science-PolicyPlatformonBiodiversityand Ecosystem Services
= |[UCN

= |nternationalUnionforthe Conservationof Nature
IPBES

= |PBESis anorganisationthat works to gatherinformation,recommend policies, and
communicate findings relating to global biodiversityand ecosystems
= The 2019 IPBESreport contained acomprehensive summaryof findings fromresearchas well as
policyrecommendations forgovernments
= Datais gathered byscientists,governmentbodies,and localindividuals
= Studies are carried outinarange of habitats where regularsamples are taken

IUCN

= ThelUCNis anetwork of organisations and individual experts that seeks to gatherknowledge of
the naturalworld and to propose helpful environmental policies

= ThelUCNredlistisalistofthe world's most threatened species;ithas assessed more than150
000 species,and has listed more than42000 as threatened

= ThelUCNred listhas beencompiled byscientists and scientific organisations all around the
world,and is used bymanygroups to informconservationefforts

= Species thathave beenassessed are categorised bythe IUCN as:
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= |C=leastconcern
= NT =nearthreatened
= VU=vulnerable
= EN=endangered
= CR=criticallyendangered
= EW=extinctinthe wild
= E=extinct
= Speciescanalso beclassed as DD (datadeficient) whenthereis notenoughdataonwhichto
base acategorychoice,oras NE(notevaluated)

The lUCN categorises species on the basis of theirrisk of extinction; this data can be represented visually
to give animmediate picture of the level of risk being faced by many species

Note that this graphic is from 2016, so does not match the numbers givenin the text above

NOS: To be verifiable, evidence usually has to come from a published source,
which has been peer-reviewed and allows methodology to be checked

= Collectingdataonglobalbiodiversityis a huge task,and while qualified scientists cancollecta
greatdeal of data, this maynotbe enoughto gainanoverall picture of changes occurringata
national orinternational level

= To solve this problem, organisations willsometimes ask the public to help withdata collection;
suchmembers of the public are described as 'citizenscientists'

= Citizenscientists are oftenuntrained, and maynot always collectvalid dataas aresult,so there
willbe acertainamount of trade-off betweenthe quality and the quantity of the data

= Good experimentaldesignand high-quality dataanalysis canhelp to mitigate the effects of
usingcitizenscientists.
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Biodiversity Loss: Causes

The causes of biodiversity loss

= |tiswidelyagreed amongscientists that there is abiodiversity crisis underwaydue to the rate at
which extinctions are occurring
= The growthof the globalhumanpopulationis likelyto be the main cause of this crisis
= There are currentlymore than 8 billion people on Earth
= The global populationcontinues to increase
= Eventhoughbirthrates are now decreasing, people are livinglongerso births are occurring at
ahigherrate thandeaths and the population continues to grow

= Humanpopulationgrowthhasled to abiodiversitycrisis formultiple reasons, e.g.
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= Overexploitationofresources
= Overfishingofthe oceans are causingadecline infishpopulations
= Huntingofanimals forresources suchasivoryfromtusks, oilfromwhales, orfurfrom
beavers
= Urbanisation,orthe buildingoftowns
= Directloss of habitat forbuildings
= Fragmentationofhabitatinto smallerpieces by,e.g.roads
= Lesslandis available foragriculture, so this expands elsewhere
= Deforestationand habitat loss
= landis cleared foragriculture, timber, mining, orquarries
= Agriculture may/ookgood forlivingorganisms, butit ofteninvolves the planting of
monocultures withverylow biodiversity,and itleads to loss of soil micro-organisms
= Pollution
= Microplastics have beenfound inremote environments
= Fertilisers and organic waste canbe washed off farmland into bodies of water
= [ncreaseinnumbers of pests
= Biodiversityloss hasled to anincrease inpestspecies thatdamage crops, e.g.the
cottonbollworm (Helicoverpa armigera)
= Higherbiodiversityincreases the numberof pest predators
= Pests willgatherinlargernumbers inareas of monoculture
= |nvasive species
= Whenhumans travelaround the world they oftenbring species withthem, eitherby
accidentoronpurpose;these 'alien'species canhave damaging effects onthe habitats
to which theyareintroduced
= Examplesinclude
= Greysquirrels and signal crayfishin the UK
= CanetoadsinAustralia
= Ratsinthe GalapagosIslands
= Disease
= Diseases canwipe outlarge numbers of species, e.g.the chytrid fungus is thought to
have wiped out 90 species of amphibianso far
= Human-caused climate change canincrease theranges of some diseases
= Humans living closelywithanimal species canresultinnew diseases as pathogens
transferbetweenhosts
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How to Preserve Biodiversity

Conserving Biodiversity

= As human activities continue to cause adecline inbiodiversity, the need forsolutions to this
problemincreases
= The problemis complex,and there is no one simple solution, so amixture of different
approachesis needed
= The complexities are oftendue to conflicts betweenthe needs of the naturalworld and the
needs of humans;these conflicts are not always easyto resolve
= Examples of differentapproaches to dealingwith the biodiversity crisis include
= |nsituconservation,e.g.
= Protected areas
= Rewilding
= Reclamation
= Exsituconservation, e.g.
= Z00s
= Botanic gardens
= Seedbanks
= Tissue banks

In situ conservation
Protected areas

= Aprotected areais adefined geographicalspace,suchas anational park ornature reserve, that
is managed and protected forthe purposes of conservation
= National parks are government-controlled areas within countries where the wildlife and
environment are protected
= Naturereserves are smallerregions than national parks,and canbe on privately or publicly
owned land
= Restrictionsinside protected areas could include
= Humans access is strictlycontrolled
= |ndustrial activities such as agriculture and building are tightlyregulated
= Huntingis limited orcompletely prohibited
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CCBY-SA 3.0, via Wikimedia Commons
Kruger National park is the largest national park in South Africa
Rewilding

= Thisistherestorationof ecosystemsto apointatwhichtheycansustainthemselves;such
sustainable ecosystems are bytheirnature biodiverse habitats
= Rewildingcanbe allowed to occuron private orpubliclyowned land
= Rewildingcanbe active or passive
= Active rewildinginvolves humanintervention, e.g.removing humanfeatures suchasroads,
and reintroducinglocallyextinct species
= Passive meansleavinganareaalone to allow ecological processes to graduallyrestore
themselves, e.g.stopping the management of land to allow natural successionto occur
= Note that passive rewildingwillnotwork forthe restoration of some habitat types, e.g.
grassland habitats oftenrequire grazing to prevent the dominance of tree species
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CCBY-SA 2.0, via Wikimedia Commons

Longhorn cattle at the Knepp estate in the UK mimic the action of extinct ancient grazing species,
creating a diverse grassland habitat

Reclamation

= Reclamationrefers to the reclaiming and restorationof areas that have beendamaged by
human activities, e.g.abandoned quarries orareas where deforestationhas takenplace
= Suchprojectsaimtorestore previously existingecosystems

Ex situ conservation
Zoos

= Captive breedingprogrammesinzoos canincrease the numberofindividuals of aspecies
= This canbe carried out byartificialinsemination, allowing the flow of genes between
individuals that maybe livingindifferentzoos
= This prevents problems that canarise fromlow genetic diversity
= This canavoid difficulties with captive breeding
= Captive breedingcanlead to therelease of individuals backinto the wild
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= Zoos are aninvaluable resource forscientificresearch
= Scientists are able to closelystudyanimal genetics, behaviours and habitat requirements

Botanic gardens

= Botanic gardens are the plant equivalentofzoos
= Theyuse cuttings and seeds collected fromthe wild to establishapopulationof the
endangered species in captivity
= Methods of tissue culturingand cloningcanalso be used to obtainlarge numbers of plants
fromasmallsample size
= The captive populationcanbe used inthe future forreintroductioninto habitats where they

have become rare
= Researchis amajorrole of botanic gardens
= Scientists caninvestigate reproductionand growthindifferent plant species so that they
canbe grownin captivity
= Habitatrequirements canbe assessed so that new habitats canbe found if necessary

CCBY 2.0, via Wikimedia Commons
Botanic gardens, such as this one in Rio de Janeiro, Brazil, can increase the populations of threatened
plant species and carry out scientific research and education
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Seed banks

= Aseedbankis afacilitythat conserves plantdiversitybydryingand storingseedsina
temperature-controlled environment
= Cool,dry conditions generallyincrease the length of time forwhich seeds remainviable
= Seedscanonlybestoredforsolong;afteracertainperiod of time the stored seeds are
growninto plants and freshseeds forstorage are takenfromthose plants
= |fthe plantspecies goes extinctthenthe seeds canbe used to grow them again
= Usually,seeds of the same species are collected from different sites to maintain genetic

diversity
= The Svalbard Global Seed Vaultin Norway contains seeds fromalmost Imillion plant species
= |tislocatedinthe Arctic Circle withideal environmental conditions
= Manyorganisations send seeds fromcrop plants to be stored there forsafekeeping

CCBY-SA 4.0, via Wikimedia Commons

The Svalbard Global Seed Vaultin Norway contains seeds from almost 1 million plant species
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Tissue banks

= Tissue banks,orfrozenzoos,store genetic material fromanimals at verylow temperatures
= |tis thought that properlyfrozentissue samples canlastindefinitely
= |deally,samples are collected fromdifferentindividuals of the same species to maintaingenetic
diversity
= Two differenttypes of tissue canbe stored intissue banks
= Germplasm
= Thisincludesreproductive tissue,suchas spermcells,eggcells,and embryos
= This materialcanbe used byzoosincaptive breeding programmes
= Intheory,IVFcould be carried out with a suitable surrogate species to bringback an
extinct species fromthis tissue
= Somatic tissue
= Thisis non-reproductive tissue,orbody cells
= This type of tissue contains the fullgenome of the species,and canbe used for DNA
research
= |tis thought that suchtissue could be used forcloning extinct species inthe future

Conserving Biodiversity: Selecting Species
Prioritising species for conservation

= There are so manyspecies thatneed protectionthatit canseemlike animpossible task to
decide where to allocate the limited resources available
= The Evolutionarily Distinct and Globally Endangered (EDGE) programme works togetherwith
the Zoological Society of London (ZSL),to carryoutresearchand to highlight the needs of
certainspecies
= Priorityis decided onthe basis of aspecies being
= Evolutionarily distinct
= Species have few close evolutionary relatives
= Species are unusualinappearance, behaviour,and DNA
= Speciesrepresentapartof Earth's evolutionarytree thatis notrepresented anywhere
else
= Globally endangered
= ThelUCNredlistis usedto provide information about the threat level of an evolutionarily
distinctspecies
= Aspecies mustbe globallythreatened,notjustthreatened onalocallevel
= Aspecies mustbe bothevolutionarily distinct and globally endangered to be prioritised by the
EDGEprogramme
= Examples of priority EDGE species include
= largetoothsawfish
= Chinese giant salamander
= Purple frog
= The EDGEof existence programme highlights the needs of EDGE species to local,government,
and international conservation organisations to ensure that such species are notlostbefore
theirplightis evenrecognised
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CCBY-SA 4.0, via Wikimedia Commons

The Chinese giant salamander is both evolutionarily distinct and globally endangered, and is a focal
species forthe EDGE programme

NOS: Issues such as which species should be prioritised for conservation
efforts are complexand need to be debated

= Theconsiderations of the EDGE programme are important, but there are complex ethical,
environmental, political, social, culturaland economic issues whenit comes to making
decisions about priorityspecies forconservation, e.g.
= Some species maynotbe ataveryhighthreatlevel globally, but theymaybe importantforthe
maintenance of anecosystemthat supports other,more threatened species
= Aspecies maybe culturallyimportant fora particularnation
= There maybe politicalreasons why conserving particularhabitats is very difficult, e.g. being
locatedinawarzone
= Forthisreason,EDGEdo not make decisions about conservation, but theycanpass onimportant
informationto stakeholders, allowing arange of people to be involved withthe debate
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