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Populationsin Ecosystems

Populations

= Apopulationcanbe defined as:
A group of organisms of the same species livinginanareaat one time

= Members of apopulationinteract witheachotherand canbreed together

= Apopulationcanbeisolated fromotherpopulations of the same species due to livingina
differentarea

= Thisisolationmeans that members of separate populations cannot breed togetherand gene
exchange cannottake place betweenthem

—
o

"N E
CCBY 2.0, via Wikimedia Commons

Gannets are sea birds. Populations gatheron sea cliffs to breed during nesting season.

O ExamTip

The specificationuses the phrase 'reproductive isolation'to describe two populations of the
same species that are separate fromeachother,i.e.isolated,and that are notinterbreeding,i.e.
reproducing. While this does make senseinthis context,itis worthnotingthat 'reproductive
isolation'is more frequentlyused amongbiologists to describe the pointinthe speciation
process at whichtwo populations have diverged to become two different species.
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Estimating Population Size

Random Sampling

= Findingoutaboutthe abundance and distribution of populations canbe achieved by countingall
of the organisms present in a habitat

= Thisis possible forareas that are verysmall orwhere the species involved is verylarge

= Forlargerand more complexhabitatsitis notpossible to find,identify,and count everyorganism
thatis present

= Whenthisis the case,samplingcanbe used to make anestimate forthe total species numbers

= Samplinginvolves measuring small samples of apopulationthatactto represent the whole
population

Sampling

= Samplingis amethod of investigating the abundance and distributionof populations
= There are two different types of sampling
= Random
= Systematic
= |Inrandomsampling the positions of the sampling points are selected at random
= This method avoids bias bythe personthatis carrying out the sampling
= Bias canaffect theresults,e.g.
= Astudentmightchooseto carryoutsamplesinaparticularlocationbecauseitlooks
interesting, and this might give the impressionthat the habitat contains more species
thanitreallydoes
= |nsystematic sampling the positions of the sampling points are located at fixed intervals
throughout the sampling site
= This avoids accidentallymissingout sections of habitat due to chance
= Systematic samplingallows researchers to investigate the effect of the presence of
certainenvironmental features onspecies distribution, e.g. by taking samples along aline
that extends awayfroman environmental feature such as ariver
= Aline of this typeis knownas atransect
= Whenasamplingareais reasonably uniformthenrandomsamplingis the best choice
= Randomsample sites canbe selected by
= layingoutagrid overthe areato be studied
= Generatingrandomnumber co-ordinates
= Placingsample sitesinthe grid squares that matchthe randomnumberco-ordinates

Random & systematic sampling diagram
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Random sampling involves selecting sample sites at random while systematic sampling involves placing

sample sites at regularintervals

NOS: Students should be aware that random sampling, instead of measuring an
entire population, inevitably results in sampling error

Apopulationestimate thatis based onsampling makes the assumption thatindividuals are
distributed evenly across the sample site, e.g.
= Randomsamplingmayhappento miss anareaofasite inwhichno individuals are present;this
willresultinanoverestimate of populationsize
= Randomsampling mayhappento miss anareaof asite where manyindividuals are present;
this willresultinanunderestimate of populationsize
There are many factors thatinfluence the distribution of apopulation,so anevendistributionis
very unlikely,and so the chance of sampling error occurringwhen calculatingsuch an estimate is
very high
= Asamplingerroris the difference betweenanestimated populationsize and atrue
populationsize
= Thisoccurs whenasampleis not truly representative of awhole population
Sampling errorcanbe minimised bygood investigationdesign, e.g.carryingout theright type of
sampling and taking alarge enoughsample size
Whenscientists write about theirfindings theymustinclude details of any experimental methods
used;this allows theirreaders to evaluate any errorthat may be presentinthe results
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Random Quadrat Sampling
Sampling using frame quadrats

= Aframe quadratis asquare frame thatis placed within the areato be studied to provide
asample
= Quadrats are used to studythe distributionof sessile organisms
= Quadrats canbe different sizes dependingonthe species beingstudied
= Alm2quadrat canbe used to studysmallorganisms suchas herbaceous plantsina
grassland orlimpets onarockyshore
= A400m2quadratcanbeusedto studylarge organisms suchas trees
= Quadrats like this willusually be marked out with string ratherthan a frame!
= Frame quadrats canbe placed inahabitatrandomly, e.g.usingrandomco-ordinates,or
systematically, e.g.alongatransect

Frame quadrat diagram

A frame quadrat can be used to measure abundance and distribution

= Scientists canrecord different types of datafromaframe quadratdependingonthe aimofa
studyand the speciesinvolved
= Presenceorabsenceofaspecies

Page 4 of 38
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

= Species frequency;how manyindividuals are in the quadrat
= Speciesabundance;measured onascale called the ACFORscale onwhichspecies are
recorded as beingabundant,common, frequent,occasional,rare,ornone
= Percentage cover;the percentage of the quadrat covered byaspecies
= Quadrats canbe divided upinto smallersquares to allow percentage coverto be
assessed more easily

Analysing results

= Quantitative investigations of variation caninvolve the interpretation of meanvalues and their
standard deviations
= Ameanvalue describes the average value of adataset
= Standard deviationis ameasure of the spread ordispersionof dataaround the mean
= Asmallstandard deviationindicates that the results lie close to the mean, so thereis
little variation

= Alarge standard deviationindicates that the results are more spread out around the
mean, so thereisalotofvariation
= Inthe quadratstudydescribed here,ameancould be calculated forthe numberofindividuals of
aspecies foundineach quadrat,and thenthe standard deviationcould be calculated to find out
how spread out the data points are around the mean
= Thiswould give anindicationof how evenly distributed the populationis across the habitat

Smallvslarge standard deviation graph

A small standard deviation shows that data are closely grouped around the mean while a large standard
deviation shows that data are spread widely around the mean
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Estimating Population Size: Motile Organisms

Capture-mark-release-recapture

= The samplingmethods described above are onlyusefulfornon-motile (sessile) organisms
= Differentmethods are required forestimating the numberofindividuals inapopulation of motile
organisms
= The mark-release-recapture method canbe used
= The mark-release-recapture method is carried out as follows:
= The first large sample is taken;as manyindividuals as possible are caught,counted and
marked inawaythatwon’t affect theirsurvival
= e.g.if studyingaspecies of beetle,asmallamount of brightlycoloured non-toxic paint
canbe applied to theirwingcases
= The marked individuals are returned to their habitat and allowed to randomly mix with the
rest of the population
= Whenasufficient time period has passed anotherlarge sample is captured
= The numberofmarked and unmarked individuals within the sample are counted
= The proportionofmarked to unmarked individuals is used to calculate anestimate of the
populationsize usingastatistical measure known as the Lincolnindex

N
Populationsize =M x —

R

= Where:

= M=numberofmarkedindividuals inthe first sample
= N=totalnumberofindividualsinthe second sample (marked and unmarked)
= R=numberofmarked individuals recapturedinthe second sample
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@ Worked example
Scientists wanted to investigate the abundance of leafhoppersinasmall grassymeadow.

Theyused nets to catchalarge sample of leafhoppers.Eachinsect was marked onits underside
withnon-toxic,waterproof paintand thenreleased backinto the meadow.

The followingweek anotherlarge sample was caught using sweep nets.
Use the figures below to estimate the size of the leafhopperpopulationin this meadow.

= No.caught and marked infirstsample (M) =236

= No.caughtinsecond sample (N) =244

= No.ofmarked individuals recaptured inthe second sample (R) =71
Answer:

Step One:Write out the Lincolnindex equationand substitute inthe knownvalues
N
N=Mx —
R

244
71

N =236 x

Step Two:Calculate the populationsize estimate (N)
N=236x3.44
N=811.84

=812 (to the nearest whole organism)

The Lincolnindexmakes some assumptions about the populationand the capture-mark-
release-recapture method:
= The marked individuals disperse and mix backin fullywith the mainpopulation
= The markingdoesn'taffect the survivalrates of the marked individuals,e.g.doesn't make
themmore visible and therefore more likely to be predated
= The markingremains visible throughout the samplingand doesn't rub off
= The populationstays the same size during the studyperiod,i.e.
= There are no significant changes inpopulationsize due to births and deaths
= There are no migrations into orout of the main population
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Limiting Population Size

Carrying Capacity

= The maximumnumber of individuals of aspecies that anecosystemcansupportis knownas
its carrying capacity
= Carryingcapacityis represented bythe letterK
= While everyindividual withina species populationhas the theoretical potentialto reproduce
and have offspring that will contribute to populationgrowth,inreality there are manyfactors that
prevent everyindividualina population from surviving and reproducing
= This means that the populationsize of eachspeciesislimited,i.e.the ecosystemhas acarrying
capacityforthatspecies
= The graphbelow shows the population growth of apopulation of lions
= The pointatwhichthe graphstarts to flatten outis the carrying capacity of this population
= Atthis point the environmental factors that stop allindividuals from surviving and reproducing
mean that the populationcanno longerincrease

Carrying capacitygraph

Carrying capacity is reached when the growth of a population starts to level off

Factors affecting carrying capacity

= Abiotic factorsinvolve the non-living parts of anecosystem, e.g.
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= Light availability
= Alackoflightwillreduce the carrying capacityforaplant population as it will limit
photosynthesis
= Temperature
= loworhightemperatures willinfluence carrying capacity as this will affect the rate at
whichthe reactions of metabolismcanoccur
= Soilmineral availability
= Low mineral availabilitywillreduce carrying capacity as it will affect the ability of plant
populations to build biologicalmolecules such as proteins and chlorophyll
= Biotic factorsinvolve the living parts of anecosystem, e.g.
= Competitionforresources
= Alackofresources willlimit the carrying capacityofanecosystem
= Energythatanindividual puts towards competing forresources willnot be available for
growthand reproduction, so this willreduce carrying capacity
= Predation
= Energythatanindividual puts towards avoiding predators willnot be available forgrowth
and reproduction, so this willreduce carrying capacity
= Disease
= Energythatanindividual puts towards fighting off disease willnot be available forgrowth
and reproduction, so this willreduce carrying capacity
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Density Dependent Factors

= Populationdensitycanbe defined as follows:
The number of individuals present per unit areaof habitat

= Factors thatinfluence the size of apopulationcanbe density-dependent ordensity-
independent
= Density-dependent factors have adifferent effect at different populationdensities, e.g.
= Pathogens and pests will spread fasterthroughadense population,and so willhave a
greatereffectonthe populationsize
= Dense populations willbe inincreased competitionforresources,so competition will
have anincreased effect at highdensities
= Predators willbe attracted to dense populations of preyorganisms, so predation will
have anincreased effect at highdensities
= Density-independent factors have the same effect onapopulationat any population
density,e.g.
= Anaturaldisaster,suchas aflood,is equallylikelyto affect populations of different
densities
= Density-dependent factors tend to actto keep apopulationat orbelow its carrying capacity;
thisis anegative feedback effect
= Anegative feedback systemacts to keep conditions within narrow limits;if conditions stray
too farfromanideal value then negative feedback causes areturnto thatvalue, e.g.
= |fapopulationincreases above its carrying capacitythendensity-dependent factors,such
as spread of disease,orcompetitionforfood,cause areductioninsurvival and
reproduction,resultinginadecrease inthe populationsize
= |fapopulationdrops belowits carrying capacity thenthe same density-dependent factors
willlead to increased survival and reproduction, and there will be anincrease inpopulation
size
= Whenpopulationsizeis controlled bynegative feedback it will fluctuate around its carrying
capacity

Density-dependent factors & population size graph
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Density-dependent factors tend to act to keep a population at orbelow its carrying capacity; thisis a
negative feedback effect

= Apopulationthatis controlled by positive feedbackwillrespond to achange inpopulationsize
by continuing to change inthe same direction, e.g.
= Anincreaseinpopulationsize means that more individuals are present,leading to increased
reproduction,and afurtherincrease in populationsize;this can continue untila density-
dependent factor,suchas competitionforresources, starts to limit population growth

Limiting Population Size: Examples

Predator-Prey Relationships

= Consumers thatkilland eat otheranimals are known as predators, and the animals that are eaten
are knownas prey
= |nastable communitythe predatorand preypopulationsizesrise and fallinapredator-prey
cycle thatlimits the populationsizes of bothpredators and prey
= The graphbelow demonstrates some of the keypatterns inpredator-preycycles:
= The numberofpredatorsincreases whenthereis more preyavailable
= The numberofpreydecreasesinresponse to anincreaseinthe numberof predators
= The numberofpredators decreasesinresponse to adecreaseinthe numberof prey
= The numberofpreyincreasesinresponse to adecreaseinthe numberof predators
= Thecyclerepeats
= Therelationship betweenthe Canadalynxand the snowshoe hare is afamous example of the
predator-preyinteraction
= |tis worthnotingthatrelationships of this kind, with a single predatorspecies and asingle
preyspecies, are unlikely to exist inthis simple forminnature;there willbe other predator
and prey species, as well as additional factors that will affect the sizes of therespective
populations
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Control of Populations in Communities

Top-down & bottom-up populationcontrol

Populations inacommunity canbe controlled byeithertop-downorbottom-up control
factors
Apopulationthatis limited by predators, e.g.the snowshoe hare inthe example above, is
controlled byatop-downcontrol
= Plantpopulations beinglimited by herbivoryis anotherexample of top-down control
Apopulationthatis limited bythe availability of resources, e.g. the lynxinthe example above,is
controlled byabottom-up control
= Plant populations beinglimited bylightintensityis also abottom-up control
E.g.inthe food web shownbelow,achangeinthe foxpopulationcould lead to atop-down
cascade of effects as follows:
= Adecreaseinthe foxpopulationcouldlead to anincrease inthe rabbit population,which
couldlead to adecreaseinthe growthof grass
= Note thatthe grass —rabbit - foxfood webdoes notexistinisolation, so this top-down
effectwillinfluence otherparts of the food web as well

Food webdiagram

The effects of a top-down control factoron a food web can be complex, as every food chainis
connected to several others
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While itis possible forbothtop-downand bottom-up controlfactorsto actonanecosystemat
the same time, the realityis that anyone part of anecosystemis likelyto have one controltype
that is dominant at any giventime, e.g.
= Acoastalseagrass ecosystemis likelyto be mainlycontrolled by bottom-up nutrient
availability
= Overfishingbyhumans mayreduce the numberof marine predators, temporarilyleadingto a
switchto top-downcontroldominance
Note that top-downcontrol mayshape anecosystemdue to bothlethaland non-lethal effects
= Predatorskill prey,influencing theirnumbers,and so theireffectontherestof the
ecosystem
= The presence of predators mayaffect the behaviour of prey organisms, affecting their
choice of dietand where theychoose to spend time;this canalso alterthe structure of an
ecosystem
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Allelopathy & Antibiotic Secretion

= Speciescompete witheachotherforresources;thisisinterspecific competition
= Some species have strategies whichincrease their ability to outcompete otherspecies

= Suchstrategies canwork byeitherincreasing the survival chances of aspecies,orbydecreasing

the survivalchances of acompetingspecies, e.g.
= Camouflageincreases aspecies'survival chances
= Secretionof harmfulchemicals into the environment decreases the survival chances ofa
competitor
= Suchharmful chemicals are known as secondary metabolites,as opposed to primary
metabolites which are molecules that are essential forsurvival

= Allelopathyis anexample of a strategy thatinvolves damaging the survival of acompeting species

= Antibiotic secretioninsome bacteriais awell-known example of allelopathy

Allelopathy

= Organisms thatcarryout allelopathy secrete secondary metabolites that harmother
organisms into theirsurroundings, e.g.in plants:
= Secretingharmful chemicals viaroots into the soil
= Releasingharmful gases viathe stomatainto the air
= Storingharmfulchemicals inthe leaves which are released when the leaves fall and break
down
= Examples of plant species that carryout allelopathyinclude:
= Garlic mustard produces achemical called sinigrinwhichreduces seed germinationand
rootgrowthinotherplant species
= Brackenferns are thought to release toxins into the surroundingsoil, as well as containing
toxic chemicals intheirfronds which are released when theydecay
= Himalayanbalsamis thought to secrete allelochemicals into the surrounding soil that limit
the growth of otherplants
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Himalayan balsam shows allelopathy, a strategy that is thought to contribute to its success; itis a known
invasive species in the UK, where it is often found along waterways

Antibiotic secretion

= Thesecretionof antibioticsis aformof allelopathy found insome microorganisms, e.g.the
antibiotic penicillinwas discovered in Penicilliumfungus
= Antibiotics are also secreted bysome bacteriaspecies
= Antibiotics killbacteria by, e.g.preventing cellwall formation orinhibiting protein synthesis; this
reduces interspecific competition,and so increases survivaland reproductioninthe species
that produces the antibiotic
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Population Growth Curves: Skills

Population Growth Curves

= Populations of livingorganisms tend to follow aset growth pattern overtime;this growth pattern
givesrise to apopulationgrowthcurve that canbe plotted onagraph
= Populationgrowth curves cangenerallybe seeninanynewlyestablished orrecovering
population,e.g.
= Antarctic furseals were hunted extensively during the 1800s, and underwent a population
recoveryfollowingthe end of this practice
= Therecoveryofthe sealpopulationinsomelocations follows aclassic growthcurve,e.g.in
the graphbelow forseals on Cape Shirreff, Antarctica
= Pupcountisusedtorepresentthe size of the seal population
= Note thatthisrecoveryhas notcontinued throughout the early 21st century, with climate
change having since caused severe declines inmanyseal populations

Antarctic fursealgrowth curve graph

The Antarctic fur seal population in Cape Shirreff, Antarctica, followed a classic growth curve between
1960 and the early 2000s
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= The populationgrowth curve shownabove is anexample of asigmoid, ors-shaped, growth curve
= Suchcurves containthree phases:
= Exponentialphase

Also known as the logarithmic phase

Here there are no factors thatlimit population growth, so the populationincreases
exponentially

The numberofindividualsincreases,and so does therate of growth

= Transitionphase

Limiting factors startto act onthe population,e.g.competitionincreases and predators
are attracted to large preypopulations
Therate of growthslows, though the populationis stillincreasing

= Plateau phase

Also known as the stationary phase

Limitingfactors cause the deathrate to equal the birthrate and population growth stops
This plateauoccurs at the carrying capacity

The populationsize often fluctuates slightlyaround the carrying capacity

Populationgrowth curve graph

Sigmoidal population growth curves show an exponential growth phase, a transitional phase and a

plateau phase
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NOS: The curverepresents anidealised graphical model

= Scientists use models to representrealworld ideas,organisms, processes and systems that
cannotbe easilyinvestigated

= Models are usefulforthe purposes of experimentationand testing predictions, but theyare not
perfectrepresentations of biological systems

= Here, the populationgrowthmodelis useful forconceptualising the different stagesinthe
growth of apopulation, but scientists must always be aware thatrealecosystems are complex
and that there are many factors at playin determining populationsize

= There are fewreal-world situations where populations follow perfect sigmoid growth curves,
and the seal population example given above soonshowed populationdecline ratherthan
remaining at a plataeu

Exponential Population Growth

Testing for exponential growth with alogarithmic scale

= Populationgrowthis exponentialwhenthe speed of growthis proportionalto the numberof
individuals,i.e.apopulationof 20 individuals will reproduce at twice the rate of apopulationof 10
individuals
= |tispossibleto assess whetherornotexponential growthis occurring by plotting populationsize
(y) against time (x) on a graph with alogarithmic scale onthe y axis and a non-logarithmic scale
onthe x axis
= Logarithmic scales canbe veryusefulwheninvestigating factors that vary over several
orders of magnitude, e.g.populationsize
= 'Orders of magnitude'refers to whethervalues are measured in, e.g.tens, hundreds,
thousands etc.;usingalogscale allows tens and millions to be represented onthe same
easilyvisible scale
= The numbersinalogarithmic scale represents logarithms,orpowers,of abase number
= |fusingalogip scale,inwhichthe base numberis 10, the numbers on the y-axis represent a
powerofl10,e.g.1=10'(10), 2=102 (100), 3=103(1000) etc.
= Logarithmic scales allow forawide range of values to be displayed on asingle graph
= Anexponentiallygrowing populationplotted withalogscale onthe yaxis willappearas a straight
line:

Exponential population growthonalogarithmic scale graph
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An exponentially growing population plotted with a log scale on the y axis will appear as a straight line

Modelling the Sigmoid Growth Curve

= Organisms that grow and reproduce underlaboratory conditions canbe used to modelthe
sigmoid populationgrowthcurve
= Suitable organismsinclude:
= Yeast
= Duckweed

Modelling population growth curves using yeast

= The populationgrowthrate of microorganisms, such as bacteriaoryeast,canbe investigated by
growing the microorganisms inabroth culture

= The turbidity of the suspensioncanthenbe used as awayof estimating the numberofcells,i.e.
the populationsize, of the microorganisms inthe broth culture

= Turbidityis ameasure of the cloudiness of asuspension,i.e.howmuchlight canpass
throughit

= Asthe microorganisms inthe broth culture reproduce and theirpopulation grows, the suspension
becomes progressively more turbid

= This changing turbiditycanbe monitored bymeasuringhow muchlight canpass throughthe
suspension at fixed time intervals afterthe initialinoculation of the nutrient broth with the
microorganisms

= Aturbidity meteroracolorimeter,connected to adatalogger,canbe used to take these
measurements

= Theresults canthenbe used to plot apopulationgrowthcurve to showhow the populationof
microorganism changes overtime

Yeast populationgrowth on alogarithmic scale graph
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Turbidity measurements can be used to gain a measure of yeast population size over time; the resuiting
data can be plotted using alog scale to show exponential population growth

Modelling population growth curves using duckweed

= Duckweedis atype of pond weed that grows onthe surface of stillbodies of freshwater
= |tisidealformodellingpopulationgrowthbecauseitreproduces quickly and asexually, and
newly produced fronds, also known as thalli (singular thallus), remain attached to the parent
frondsinclusters,allowing foreasy counting
= Populationgrowthcanbe modelled usingduckweed as follows:
1.Place asmallnumberof duckweed fronds into apetridishthat contains distilled water mixed
with liquid fertiliser
2.Place the petridishesinabrightlylitlocation,but out of direct sunlight
3.Record the numberofduckweed fronds present afterlweek
4.Repeatthe countingprocess once aweek foratotal of sixweeks,toppingup the dishwith
distilled wateras needed
5.Plottheresults onagraphto show apopulationgrowth curve
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Duckweed grows on the surface of fresh water, and its easily distinguishable thalli can be easily counted
inalaboratory setting
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Populations: Intraspecific Relationships

Competition & Cooperation
Intraspecific relationships

= [ntraspecific relationshipsinvolve interactions betweenindividuals of the same species
= 'Intra’' =within
= |ntraspecific relationships caninvolve
= Cooperation
= Bothmembers of the relationship benefit fromthe interaction
= Competition
= Onememberofarelationshipoutcompetes the otherandis more successful

Intraspecific cooperation

= |nthis type of relationship,members of aspecies worktogetherto aid survivalof agroup, e.g.
= Orcas show cooperative huntingbehaviour, workingtogetherto catch specific types of prey
and thensharing the food that theycatch
= Meerkats divide therolesintheirgroups between multiple individuals, so some willwatchfor
predators while others watchyoungorhuntforfood

= Manyspecies of ants work togetherinlarge groups to build nests and provide food for
developingyoung

P

CCBY 4.0, via Wikimedia Commons

Orca can cooperate with each other during hunting to create a wave that can wash seals into the water.
This particular seal eventually escaped on this occasion, but working togetherincreases the chances of
hunting success forthe orca.
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Intraspecific competition

= |ndividuals of the same species have the same needs,and so theyare frequentlyincompetition
witheachotherforthe sameresources,e.g.
= Plants willcompete withmembers of the same species for:
= |ight
= Minerals
= Water
= Space
= Animals willcompete withmembers of the same species for:
= Food
= Mates
= Territory(whichwillincrease access to food and mates)
= Examples of intraspecific competitioninclude
= Malereddeerfightwitheachotherforaccessto females, and the dominant male will mate
with all of the females inthe group
= Robins are aggressive towards otherrobins inorderto defend theirterritory;theyare so
fiercelyterritorial against otherrobins that theywilleven attack bunches of red feathers
= Oaktrees growingcloseto eachotherinawoodland willbe competingforlight,water,and
minerals
= Note thatnotallexamples of intraspecific competitioninvolve visible conflict;individuals with
overlapping territories will be consuming the same resources, so the food that is eatenby one
individual willno longer be available foranother; these individuals are incompetitionwitheach
other
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Red deermales bellow to show theirdominance as part of theircompetition for females
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Community: Interspecific Relationships

CommunityinanEcosystem

= Speciesdo notexistbythemselvesintheirownisolated environment;theyinteract withother
species,forming communities
= Acommunitycanbe defined as:
Multiple populations of different species living and interactinginthe same area

= Forexample,agardenpond community is made up of populations of fish, frogs, newts,
pond snails,damselflies and dragonflies and theirlarvae, pondweed, waterlilies,and all other
populations livinginthe pond
= Communities include populations from all groups of living organisms, e.g. plants, animals, fungi,
and bacteria
= Livingcommunities interact with theirabiotic environmentto formanecosystem

Levelsof organisation withinecosystemsdiagram

A community is all of the populations of living organisms interacting in an area. Communities interact with
theirnon-living environment to form an ecosystem.
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Interspecific Relationships within Communities

= Interspecificrelationships are the interactions betweendifferent species that occurwithina

community
= 'Inter'=between
= There are severaltypes ofinteractionthatcanoccurbetweendifferent species:
Typesof interactionsbetween speciestable

Type of interaction Description Example
Cattle graze ongrass

Seaturtles feed onseagrass

Herbivory Anorganismfeedingonaplant
Honeybees consume nectarand
pollen
An organism Catching and Dolphins catchand eat fish

consumingananimal,or
consumingarecentlydead
animal Red kites eating roadkill

Predation Lions hunt and eatzebra

Oak and beechtrees compete for

light and minerals
Organisms of different species

compete forthe same Lions and hyenas compete forprey
resources

Interspecific

competition

Red and greysquirrels compete for
food and territory

Pistolshrimp share theirburrows with
gobyfish,which provide awarning

Organisms of different species when predators are near
Mutualism work togetherforthe benefit of
both Oxpeckerbirds remove parasites

fromlarge mammals, providing the
birds withfood

Mistletoe plants growinthe branches
of trees, takingwaterand nutrients
fromtheirhosts

Aparasite organismlivesinoron

Parasitism ahostorganism, causingits host
harm Fleas live onthe bodies of mammals,
feedingontheirblood
Pathogenicity Aninfectious microorganism | Mycobacterium tuberculosisbacteria
(pathogen)livesinside ahost cause the disease tuberculosisin
organism,causingdisease humanhosts

Dutchelmdiseaseis caused bya

fungal pathogenthat causes elm

trees to lose theirleaves and die
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Mutualism

= Mutualismoccurs betweenmembers of different species,andis anexample of cooperation;
bothmembers of amutualistic relationship benefit fromthe interaction
= Examples of mutualisminclude
= Bacterialivingintherootnodules of plants
= Mycorrhizalrelationships between fungiand plants
= Coralpolyps and algae

Root nodulesin Fabaceae

= The Fabaceae,orlegume,familyof plantsincludes species of peas,beans,and clover
= Manylegumes have asymbiotic relationship with bacteria, whichlive innodules attached to the
plantroots
= Nodules are small, sphere-like structures
= The bacteriaconvert nitrogengas inthe airinto ammonia (NHz) which can thenbe converted
againinto nitrates
= Theconversionofnitrogengasinto aformthatis usefulto plants is knownas nitrogen
fixation
= Rhizobiumis an example of agenus thatlivesinrootnodules and fixes nitrogen
= Nitrates canbe used byplants to build essential biologicalmolecules such as proteins and
nucleic acids
= The bacteriaalso benefit fromthis relationship, as they gaincarbohydrates that are produced
bythe plantinphotosynthesis

Mycorrhizaein Orchidaceae

= Manyplants have evolved symbiotic relationships with fungi

= The fungiformlong, thinfilaments known as hyphae, whichinteract withthe roots of the plants

= These hyphae greatlyincrease the surface areaoftherootsystems of the plants,increasing the
amount of water and mineralions that canbe absorbed by the plantroots

= |nreturnthe fungireceive organic compounds, e.g.glucose, fromthe plant

= Theserelationships betweenplantroots and fungi are known as mycorrhizae (singular
mycorrhiza)

Mycorrhizaediagram
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Mycorrhizae are interactions between fungal hyphae and the roots of plants

= The orchidaceae,ororchid family, are known to form many mycorrhizal relationships, e.g.
= Orchid seeds maygainthe nutrients needed forgerminationfrommycorrhizae
= Some unusual orchids are unable to photosynthesis, relyingontheirmycorrhizal fungito
break downdead matterinthe soiland provide themwith all of theirnutrients
= The orchidinthisrelationshipis aheterotrophand notanautotroph
= Theorchid does notbenefit from this relationship until the orchid dies, at which point it
canaccess the biologicalmolecules inthe orchid's tissues bydecomposition

Zooxanthellae in hard corals

= The coralreefs associated with the hard corals are produced by tiny animals known as coral
polyps,whichlive in asymbiotic relationship withzooxanthellae algae
= Polyps areinthe phylumcnidaria,alongwithjellyfishand seaanemones
= Theirsoftbodies have tentacles whichcontainstingingcells called nematocysts,and which
also containthe zooxanthellae cells
= The polyps secrete calcium carbonate which forms the hard structure of the coral skeleton
= The polyp's bodyprovides shelterand protectionforthe algae
= The algae carryout photosynthesis and produce carboncompounds, suchas carbohydrates,
whichcanbe used bythe polyp

Coral polypdiagram
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The tentacles of coral polyps contain algae cells with which they have a mutualistic relationship

Q Exam Tip

Note that Latinnames, e.g. Fabaceae, are not essential when answering exam questions;you will
be credited foreitherLatinorcommonnames of organisms.
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Resource Competition: Endemic & Invasive Species

Aspecies thathas movedinto anecosystemwhere it was previously unknownis aninvasive
species
= |nvasive species are sometimes referred to as alienspecies
Aninvasive species canoccurnaturallyas aresult of aspecies migrating orexpanding their
habitat,but mostrecorded incidents of invasive species have beencaused by humans, e.g.
humans have:
= Knowinglycollected and traded species between countries
= E.g.bringing attractive plant species into gardens,oranimalsinto zoos oras pets, which
thenescape into the wild
= Unknowinglyprovided transport forinvasive species to anew ecosystem,e.g.ratsonboard
ships
= Introduced alienspecies deliberatelyas biologicalcontrolforpests
Inanewecosysteminvasive species willhave little ornone of the naturalpopulationcontrols
that existed intheirprevious ecosystem:
= Theywillhave no naturalpredators orcompetitors
As aresulttheyare able to increaseinnumber at arapid rate
This canaffectthe processes withinanecosystem
= Competitionmayoccurbetweeninvasive species and native species that occupya similar
niche, with the native species gettingdisplaced orpushed to extinction
= Manyinvasive species canbe successful predators,causing a massive decline intheir prey
species
= |nvasive species canintroduce new diseases, to which the native species have no natural
immunity

Red and greysquirrel populationdiagram
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Grey squirrels were introduced into the UK from North America in the 1800s. They have been highly
successful and have largely outcompeted the native UK red squirrels in interspecific competition. Note
that red squirrel populations in the UK are not at zero, and are currently recovering in some locations.

Invasive species & endemic species

= Endemic species are found inaparticularplace and inno otherlocationinthe world, e.g. the
Scottishcrossbillis found inthe coniferforests of Scotland and nowhere else,so is said to be

endemic to Scotland
= Endemic species are especially vulnerable to the effects of invasive species, aslocal

extinction willmean that the species has gone entirelyextinct
= E.g.Australiais home to manyendemic species that have evolved over many years of isolation

fromothercontinents
= Theintroductionofinvasive predators,suchas the Europeanred foxand the domestic cat,

has caused huge declines innative Australianspecies

= Theredfoxwasintroduced inthe 1800s by Europeansettlers forthe purposes of fox
hunting
= Cats arelikelyto have travelled onships and beenintroduced byaccident
= Evidence suggests thatmore than10 % of Australia's endemic mammalspecies have
already gone extinct since the arrival of Europeansettlers
= Smallmammals are at the highestrisk due to being the bestfood source forthe invasive

predators
= Some species now onlysurvive ontheislands around mainland Australiawhere foxes and

cats have notyet arrived
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Interspecific Competition

Tests forInterspecific Competition

= |ftwo species occupyverysimilarniches,thencompetitioncanexist betweenthemfor
resources;thisis interspecific competition
= Onespecies maybe slightlybetteradapted to compete thanthe other,so the second species
may be outcompeted
= Theresultoftheinterspecific competitioncould be thatthe second speciesis forced to alter
its distributionwithina habitat so thatit no longerdirectly competes with the first species
= [fthisis notpossible thenthe second species could become locally extinct
= Thesecond species has beenforced outofits nicheinto analternative niche due to
competition;thisis known as competitive exclusion
= Theidealnicheis known as the fundamental niche while the new niche is known as the
realised niche

Testing for interspecific competition

= This competitive exclusioneffectcanbe used to test forthe presence of interspecific
competition
= |ftheremovalof acompetitorspeciesresultsinachange inspecies distributionthen
interspecific competitionis likelyto have beentaking place, butif the removalofa
competitorhas no effectthendistributionis likelyto be theresult of anotherfactor
= Note thatthis effect does not provethe presence of interspecific competition, but
doesindicate thatit couldbe occurring
= There are differentways of carryingout suchatestforthe presence of interspecific competition,
e.g.
= Inthelab
= E.g.byculturingbacteriaspecies ontheirownortogetherand measuringhow this affects
populationsize orcolonydistribution
= Inthe field withrandom sampling and then with manipulation, e.g.
= Byfirstcarryingoutrandom quadrat samples and recording the presence/absence of
one orbothspecies atdifferentlocations around a habitat
= Bythenremovingone species fromasmallareaand measuring the effect that this has on
distributionofthe second species

NOS: Students should recognize that hypotheses canbe tested by both
experiments and observations and should understand the difference between
them

= Ahypothesis (pluralhypotheses)is aproposed explanationforanobservation,thatcanbe
tested by scientificinvestigation
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= There are differentways of carryingout suchtests,e.g.as described above, hypotheses canbe
tested either
= [nalaboratory
= |nthe field
= |aboratoryinvestigations are carried outundercontrolled conditions and onasmallscale, e.g.
growing bacteriainalab,orplantsinagreenhouse
= Laboratorytests allow ahighlevelof control,so onlythe independent variable is changed
while othervariables are carefullycontrolled
= |aboratoryexperiments are designed to representreallife, but the results canneverbe
directly applied to areallife situation
= QOrganisms maynotalways behave inthe same wayinalab as theydo intheirnatural
environment
= Field tests are carried outin areal-life setting,and canbe carried outonalarge scale e.g.
observingthe growth of plantsinanareaof forest, orthe distributionof speciesonarockyshore
= |tisnotpossibleto controlfactors beyond the independentvariable,so field experiments
maynotprovide aperfectlyvalid set ofresults,and are veryhard to replicate exactly
= Field experiments mayprovide a more realistic representationof the realworld

Chi-Squared Test: Skills

Chi-squared Test

Looking for associations between species

= Thedistribution of species inahabitatis rarely random;it usuallydepends onfactors such as soil
type, wateravailability,and competition
= |tissometimes possible to observe anassociationbetweenthe distributions of different
species withinahabitat, e.g.
= Speciesthatareinasymbiotic relationship are likelyto be found next to eachother;we
would saythat there is apositive associationbetweenthe distributions of these two
species
= Speciesthatareindirect competitionforthe sameresources willexclude eachotherfrom
theirimmediate surroundings, and so are likelyto be found indifferent parts of ahabitat;
there might be anegative associationbetweenthe distributions of these two species
= [fspecies have nointeractionwitheachother,thenthere willbe no associationbetweentheir
distributions,and anythat appears to occurwillbe due to chance
= Wewould saythatsuchspecies have distributions that areindependent of each other
= Randomsamplingwith quadrats,alongwithastatisticaltest called the chi-squared test,canbe
usedto testforanassociationbetweentwo species

Using aquadrat diagram
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Random sampling with quadrats can be used to study the distribution of organisms
The chi-squared test

= Astatisticaltestcalled the chi-squared test determines whetherornot there is a significant
difference betweenthe observed and expected results in an experiment
= |ts purposeisto assess whetheranydifference intheseresultsis due to chance,ordueto
anassociationbetween the variables being tested
= Achi-squaredtestcanbe used to analyse datafrom quadrat samplingto determine whetheror
notthereis astatistically significant associationbetween the distributions of two species
= To the eye there mayappearto be anassociationbetweenthe two species, butifitis not
statistically significant thenresearchers canconclude that species distributions are
independent of eachother,and anyappearance of associationis due to chance
= |fanassociationis statistically significant thenit mustbe due to animportant factor,such
as asymbiotic relationship
= Achi-squared testenables scientists to testhypotheses
= Ahypothesisis atestable statement about the expected outcome of anexperiment
= There are two types of hypothesis:
= Anullhypothesis states that there is no significant difference, or association, between
datasets e.g.thatthereis no associationbetweenthe distributions of two species
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= Analternative hypothesis states that there is asignificant difference, orassociation,
betweendatasets e.g.thatthereis anassociation(eitherpositive ornegative) between
the distributions of two species
= Theresultofachi-squared testenables scientists to eitheraccept orreject anullhypothesis

Using the chi-squared test to test for association

= Stepl:Constructacontingency table foryourresults
= This allows the numberof quadrats that containone,both, orneitherspecies to berecorded
= Step2:Calculate therow,column,and overall totals foryourcontingencytable
= Step 3:Calculate the expected values (E) foryourtable
= Theresultsrecordedinthe contingencytable are the observed values (O);to calculate the
chi-squared value we need to calculate the expected values foreach data point.
= The expected values are what we would expect to see if the nullhypothesis were correct
= Note thatthisis the first step towards calculating the chi-squared value, the equationfor

whichis:
Z (0-E)?
E

Z=sumof O=observedvalue E=expectedvalue

= Step4:Calculate the difference between the observed and expected values
= Subtractthe expected values fromthe observed values (O - E);some of the resulting values
will be negative
= Step5:Square eachdifference
= This eliminates negative values
= Step6:Divide eachsquared difference bythe expected value
= Step7:Addalloftheresults fromstep 6 together
= This gives the chi-squared value
= Step8:Calculate the degrees of freedom
= Step 9:Establishaprobability levelorp-value
= Asbiologists,we work witha probabilitylevelof 0.05,0r5%
= This means thatwe canbe 95 % certainthat anysignificant difference orassociationis not
due to chance
= Some studiesrequire ahigherlevel of certaintythanthis,e.g.medicalresearchers mayuse a
smallerp-value
= Stepl10:Use acritical values table and the results of steps 8-9 to find the critical value
= |norderto understand what the chi-squared value says about the data, a table relating chi-
squared values to probabilityis needed;this critical values table displays the probabilities
that the differences betweenexpected and observed values are due to chance
= Step1l: Compare the chi-squared value with the critical value to assess the significance
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@ Worked example

Aresearcherdecided to testforanassociationbetweenthe distribution of two types of
mollusc onarockyshore;limpets and dogwhelks.

Theirnullhypothesis was that there was no association between the distributions of limpets and
dog whelks.

Theycarried out 50 randomly placed quadrat samples onthe rocky shore,recording eitherthe
presence orthe absence of bothlimpets and dogwhelks ineach quadrat. Theyobtained the
followingresults:

= Quadrats containinglimpets only:14

= Quadrats containingdogwhelks only: 21

= Quadrats containingbothlimpets and dogwhelks:7

= Quadrats containingneitherlimpets nordogwhelks:8

Use the chi-squared testto determine whetherornot there is a statistically significant
associationbetweenthe distributions of limpets and dogwhelks.

Answer:
Step 1: Construct acontingency table

Contingency table

Limpets present Limpets absent

Dogwhelks present

Dogwhelks absent

Step 2:Calculate therow, column, and overalltotals for your contingency table

Limpets present Limpets absent Row Total

Dogwhelks present

Dog whelks absent

ColumnTotal
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Step 3:Calculate the expected values

The equationforworking out the expected valuesis:

row total X column total
overall total

E.g.to calculate the expected value forthe categoryinwhichboth dogwhelks and limpets are
present:

28 x 21 176
50

Step 4:Calculate the difference betweenthe observed and expected values
0=7
E=11.76

7-N76=-4.76
Step 5:Square eachdifference

-4.762=22.66
Step 6:Divide eachsquared difference by the expected value

22.66 +11.76 =1.93

Repeatsteps 3-6 forall of the results inthe contingencytable:

(O-Ey? (O-E)*/E

Limpets only

Dogwhelks only

Bothdog whelks
and limpets

Neitherdog
whelks nor
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Step 7:Add allof theresults fromstep 6 togetherto obtainthe chi-squared value

2.45+14+1.93+178 =7.56 (thisis the chi-squared value)
Step 8:Calculate the degrees of freedom
Degrees of freedomcanbe calculated using the following equation:
Degrees of freedom=(number of columns -1)x (numberof rows -1)
Columns and rows refer to the original contingency table
In this example, there are 2 columns and 2rows in the contingencytable
Degrees offreedom=(2-T)x(2-1)
=1x1
=1
Step 9:Determine the probability level
As biologists,we work at aprobability of 0.05,0r5%

Step 10:Use acritical values table and the results of steps 8-9 to find the critical value

Probability that the difference between O and E is due to
Degrees of chance

freedom

1 271 3.84 6.64 10.83
2 4.6 599 9.21 13.82
3 6.25 7.82 1.34 16.27
4 7.78 9.49 13.28 18.46

Withdegrees of freedomas 1,and aprobability levelof 0.05, the critical value canbe read
fromthe table as 3.84
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Step 11: Compare the chi-squared value withthe critical value to assess significance
The chi-squared value of 7.56 is larger than the critical value of 3.84

This means that there is a significant associationbetween the two species (see sectionbelow
onstatistical significance)

Statistical significance

= The chi-squared value,once calculated,canbe compared to acritical value;this allows
statistical significance to be assessed
= |fthe chi-squared value is larger than the critical value, there is a statistically significant
difference betweenobserved and expected values, orastatistically significant association
betweentwo sets of results
= |nthis case,the nullhypothesis canberejected
= |fthe chi-squared value is equal to or smaller than the critical value, there is no statistically
significant difference betweenobserved and expected values,orno statistically significant
associationbetweentwo sets of results
= [nthis case,the nullhypothesis canbe accepted
= To determine the critical value biologists generallyuse a probabilitylevel, orp-value,of 0.05,0r5
%
= This means thatif adifference orassociationis shownto be statistically significant at this
level,thereis onlya5 % probability(i.e. probability = 0.05) that this result might be due to
chance

O ExamTip

When calculating a chi-squared value itis very helpful to create a table like the one seeninthe
worked example. This will help youwithyourcalculations and make sure youdon’t get muddled

up!
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