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Overview
InthislabyouwilltestthepredictionsofSpeciesAreaRelationshiptheory(SAR)and

Equilibrium TheoryofIslandBiogeography(ETIB).

SAR
SARstatesthatincreasinghabitatarea(islandsize)willincreasespeciesnumberatadeclining

rate.Thispatternhasbeenrobustlysupportedthroughresearchonoceanicislandsofdifferent

size(Figure1).Somecausesoflowerspeciesnumberwithsmallerareaareasfollows:

 Manyspeciesrequirelargeareaswhichhaveabundanthabitat

 Speciesencounterandcolonizelargerpatchesmorefrequently

 Somespeciescannottolerateedgeconditionsandedge:coreratiosarehigherin

smallerislands

 Smallerpopulationsarepronetoextinction

 Extinctionscandisruptcommunityinteractionsreducingotherspeciespopulations

Figure1

InourlabwewillbesimulatingaSARfordifferentcommunitieslivingonislandsusingthe

followingwebsimulator:



http://virtualbiologylab.org/ModelsHTML5/IslandBiogeography/IslandBiogeography.html

Equilibrium theoryofislandbiogeography(ETIB)
SARtheorybroadlyexplainspatternsofspeciesabundancewithislandsize,whichcanbe

consideredacorrelateofpatchquality,butitdoesnotexplainwhyanislandendsupwitha

stableabundanceofspeciesovertime?Norcanitexplainhowvariationinisolation,whichcan

beconsideredacorrelateofmatrixquality,affectsspeciescolonization.

Whenseekingtoexplainwhyislands/patcheshaveaparticularnumberofspecies,itissensible

tothinkaboutthebalancebetweentheextinctionrateandthecolonizationrate.The

interactionsbetweencolonizationandextinctionisimportant,becausespecieson

island/patcheswherepopulationsaresmallcanoftengoextinctbychance.Unlessnewspecies

colonize,islands/patcheswilldecreaseinspeciesrichness,untiltherateofspecieslossis

matchedbytherateofnewspeciescolonizingtheisland.Intheory,speciesnumbersbecome

stablewhencolonizationrate=extinctionrate.Extinctionislargelyaffectedbysize(seeSAR),

whilecolonizationislargelyaffectedbyisolationandthesizeoftheisland(likelihoodof

encounter).

Thekeyinformationtoknowisasfollows:

 Smallerislands/patcheshaveahigherextinctionrate

 Smallerislands/patcheshavealowercolonizationrate

 Moreisolatedislands/patcheshavealowercolonizationrate.

Thistheoryhasbeentermedtheequilibrium theoryofislandbiogeography(ETIB).Thisis

illustratedinthefigurebelow,consideringwhenextinctionandcolonizationareinbalancefor

islandsofdifferentsize(smallversuslarge)anddistancefrom thenearestcolonizationsource

(nearversusfar),suchasacontinentallandmass.



Duringyourlabtoday,youwillexploretheETIBusingthesamesimulatorwithwhichwe’ll

explorethespeciesarearelationship(SAR).

HabitatFragmentation
Notably,SARtheoryandETIBtheoryarenowinformingourunderstandingofhabitat

fragmentation.Althoughhabitatfragmentsarenotstrictlyspeaking‘islands’,wecanseethat

thebroaderconceptofISARrelatestotheareaofahabitatpatch,itsisolationfrom other

patches(matrixanddistance),andthecharacteristicsoftheotherpatches(howmanyspecies

theycontain).

Wemaypredictthatspeciesnumberswilldeclineashumanland-useboth,(i)decreaseshabitat

patchsize,(ii)decreasespatchquality,(iii)decreasesconnectivitybetweenhabitatpatches

and(iv)decreasesmatrixquality(colonization).Consequently,habitatfragmentationposesa

significantthreattobiodiversityandisamajorconservationconcern.Measurestopromote

increasedhabitatpatchsizeandconnectivitythroughcreationofhabitatcorridorsand

ecologicalrestorationoflargehabitatpatcheshavethereforebeenpromoted.

Principlesofspeciesdiversity
Sofarwehaveexploredmodelsthatpredictspeciesdiversityintheenvironment.Wemeasure

factorssuchasisland/patchsizeandisolation/matrix.However,thesearesimplycorrelatesof

theunderlyingcausesofspeciesextinctions(habitatquality)anddispersalcapacity(matrix

quality).Trytothinkaboutwhatmechanismsaredrivingthesepatterns?



Whydoesislandsizecorrelatewithspeciesdiversity?

Whydoesisolationcorrelatewithspeciesdiversity?

Whatotherfactorsmightaffectspeciesdiversityonislands?

Timeline

 (15mins)Introductionandreading

 (60mins)ModelsinVirtualBiologyLab–IslandBiogeography

 (30mins)QuestionsandAnalyses

Pre-lab

 Readchapter22‘LandscapeEcology,BiogeographyandGlobalBiodiversity’,in

thecoursetextbook.AlsoreadthefollowingmanuscriptonMoodleifdesired:

Whittaker,R.J.,Fernández-Palacios,J.M.,Matthews,T.J.,Borregaard,M.K.andTriantis,K.A.,

2017.Islandbiogeography:Takingthelongviewofnature’slaboratories. Science, 357(6354)

LearningOutcomes

 Runmodelsimulationstotesttheory

 Collectdatatotestspecies-arearelationshiponislandsofdifferentsizes

 Explainhowsizeandisolationofhabitatpatchesaffectspeciesdiversity

 Runmodelstoinvestigatepredictionsofequilibrium theoryofisland

biogeography

 Compareexperimentaltreatmentsusingsimplestatistics

Activity1–VirtualBiologyLab–IslandBiogeography
Openthewebsitelabsimulator:

http://virtualbiologylab.org/ModelsHTML5/IslandBiogeography/IslandBiogeography.html



Readthesimpleinstructionsandthenfollowthedirectionsbelowasyouexperiment.

 Startwiththebasicsettingswithbothislands,don’tchangethesizeorthedistance.

Beginyoursimulationatnormalspeed,watchthespeciesestablishandreacha

relativelystableaverageintheDatawindow.

o Speeduptherunningaverageto8xandrunforaround1000generations,thisisa

goodspeedforeachofyoursimulationsasyouexperiment,but2000isbetter

foraccurateresults.

o ChangetheMigrationrateto1andthemortalityrateto0.1,thenresetyour

islands(clearislands).Thisyieldsclearerresults.

 Nowtryafewofyourowncombinationsofsettingsforsizeanddistancetoisland,

habitattypeandtaxa.Hint,trychangingdistanceorsizeandthenmovebetweentaxaor

habitats.Changingonethingatatimemakesthisclearer.

Thesearesomeexamplesettingstotryshowing:(i)theexperimentaldesignwindowand(ii)the

matchingdatacollectionwindow.



Activity2–Species-AreaRelationship(SAR)
We’llnowcollectdataontheSpecies-AreaRelationshipforasequenceofIslands.Recall,that

SARtheorypredictsincreasingspeciesrichnessasareaincreases,buttherateofincrease

slows(logarithmicgrowth).

Asaclasswe’llworkoutasimpleexperimentalprotocoltotestthistheory.Notethatifyoupick

themostproductivehabitatwiththebestdispersingtaxayouwillseethesmallestdifference!

Thesimulationsrunbytheprogram varyeachtime,evenwhenparametersarethesame,

sometimestheresultforoneislandchainisunexpected.Wecanreplicateourdatabyeach

doingtheexperimenttoironoutsuchvariationbysimulatingmultiple‘island’chainsaroundthe

world.

Questions:

1.Writeyourexperimentalmethodshere:

2.Enteryourdataintheexcelspreadsheet,thenenteryourdataintheonlinespreadsheet

fortheclass.Thenentertheclassdatabelowtoo.



Copyandpasteyourexceldatahere,replacingthetablebelow

Island
Size πD

Logarea
(πD)

Species
#

LogSpecies
#

Species#
classdata

LogSpecies
#Classdata

64.00 201.06 2.30

96.00 301.59 2.48

128.00 402.12 2.60

160.00 502.65 2.70

192.00 603.19 2.78

224.00 703.72 2.85

256.00 804.25 2.91

3.PlotFigurestoshowyourowndataandtheclassdataandpastethesebelow

Insertfigureshere

4.Whatrelationshipdoestheclassdatashow?

5.Howandwhydoyourdataandtheclassdatadiffer?

6.Whydoesspeciesrichnessincreasewithislandsize?Trytothinkofatleastthree

causes.

7.Doestheclassdatashowlogarithmicgrowth?Whymighttherateofincreaseslowas

speciesrichnessincreases?

Activity3–Equilibrium TheoryofIslandBiogeography(ETIB)–Part1
We’llnowexploretheEquilibrium TheoryofIslandBiogeography.Thistheoryrecognisesthat

speciesrichnessisaconsequenceofislandsizeandisolation.Togetherthesedeterminethe

ratesofspeciescolonizationandspeciesextinction,theoutcomeofthesetwoprocesseswill

bethespeciesrichnessofanisland.ETIBmakesseveralassumptionsabouthowislandarea

anddistancefrom mainlandwillaffectcolonizationandextinction.Considertheseinthe

followingquestions:



8.Whymightextinctionratesbehigheronsmallerislands?

9.Whymightcolonizationratesbeloweronsmallerislands?

10.Whymightcolonizationratesbelowerthefurtherislandsarefrom acolonizationsource?

 NowrunmodelsimulationswhereyoupracticetestingtheETIB.Feelfreetotrya

differenttaxaorhabitat.Fillinthetablebelowforyourowndatawhereyoudothe

following:

o varyislanddistancewhilekeepingsizethesame.

o varyislandsizewhilekeepingdistancethesame.

Near Far

Small

Large

Questions:

11.Howdoesislanddistancetothemainlandaffectspeciesrichness?

12.Howdoesislandsizeaffectspeciesrichness?

13.Whydoestheactualnumberofspeciesonanislandfluctuateovertime?



14.Whatequilibrium pointdoestheaveragespeciesrichnessrepresent?

 Nowrunyourownmodelsimulationstocomparehowtaxaandislanddistanceinteract

foramedium island(128)

Near(10) Medium

(190)

Far(410)

Arthropods

Mammals

15.Whatrelationshipdoarthropodsshowwithislanddistancefrom themainlandcompared

tomammalsandwhymightthisbe?

 Nowrunyourownmodelsimulationstocomparehowarthropodsvarywithislandsize

atasetdistance(410)

Small(64) Medium

(128)

Large(256)

Arthropods

16.Forarthropods,Istherelationshipbetweenislandsizeandspeciesrichnessthesameas

forislanddistanceandspeciesrichness?Whymightthesediffer?

Activity3–Equilibrium TheoryofIslandBiogeography(ETIB)–Part2
InthissectionwewilltestthemainpredictionsofETIB:

Speciesdiversityresolveswhencolonizationevents=extinctionevents

TotesttheEquilibrium theoryofIslandBiogeography(ETIB),wewilleachrunthefollowingtwo

simulationsandaveragetheclassresults.

Simulation1:Copytheparametersintheimagebelowandrunthesimulation.Pausebetween

500–550andenterthedatainthetablesbelow:



Simulation2:DothissimulationafterSimulation1

OwnData Near Far

Small

Large



Enteryourdataintotheclassresultsintheonlinespreadsheet

Classdata Near Far

Small

Large

ConsiderthepatternsobservedinrelationtothefigurebelowillustratingtheETIB.

17.Dotheclassdataforaveragespeciesrichnesscorrespondtotheblackcirclepointsin

thefigure?

Activity3–Equilibrium TheoryofIslandBiogeography(ETIB)–Part3
Sofar,wehaveexploredthepredictionsofETIBbyexaminingspeciesrichness,butwehavenot

testedwhetherthespeciesrichnessvaluesobservedareaconsequenceofextinctionand

colonizationrates.

18.Howmightwetestthis?

Methods:

 Compareislandswiththefollowing4setsofcharacteristicsandwithstandardized

habitatandtaxaasforpart2.Setupislandswiththefollowingcharacteristics.



o Bigandnear

o Bigandfar

o Smallandnear

o Smallandfarsmall

Note:youwillworkononlyoneislandatatimeeventhoughtherearetwoonthescreen

 Runthesimulatorfor500runsat8x

 Slowtherunspeedto1x,andthencountcolonizationononeislandfor1000-1250runs

asexactlyaspossible(ignoretheotherisland)

o Colonization=everytimethespeciesnumberincreasesontheisland;ignore

whenthenumbergoesdown.

 Thencountextinctionfrom 1250-1500runs(ignoretheotherisland)

o Extinction=everytimethespeciesnumbergoesdown;ignorewhenthespecies

numbergoesup.

 Examplewherecolonization=boldandextinctionwouldequalitalic

 0,1,3,2,3,4,3,2,1,0,1,2,1,

o Ifthispatternoccurredfrom 1000-1250thenyouwouldrecord7/250=

colonization

o Ifthispatternoccurredfrom 1250-1500thenyouwouldrecord6/250=extinction

 Wedon’tcountcolonizationandextinctionatthesametimebecauseitwouldget

confusingtotallybothsimultaneously.

 Repeatthesestepsforeachofthefourislandtypes

 NowuseyourmethodstotestthepredictionsoftheETIB.Youwillhavetomakeadata

tableandinsertithere,checktheexceldocumentforpossibleoptions.

Pastedatatablehere

19.Plottheoutcomeofcolonizationandextinctionrateforislandsizeandislandproximity



Pastefigurehere

20.Didcolonizationrateincreasewith:

a.Proximity:

b.IslandSize:

21.Didextinctionrateincreasewith:

a.Proximity(wouldweexpectthis):

b.IslandSize:

22.Didtheseresultsconfirm ornegatetheequilibrium theoryofislandbiogeography.Why

orwhynot?

Whencomplete,pleaseuploadyourlabtotheeLearnfolder


