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4.1.1Species & Population

Species

= Aspeciescanbe defined as:
A group of organisms that caninterbreed to produce fertile offspring

= The abilityto breed and produce fertile offspringis ausefulmethod of distinguishing species for
organisms that reproduce sexuallybut canbe difficult to apply in some situations
= QOrganisms thatreproduce byasexualreproduction, such as bacteria,cannotbe classified
using this method
= Onrare occasions,animals of different species breed together and produce fertile
offspring, such as the so-called 'wholphin';the fertile offspring fromacross betweena
melon-headed whale and acommonbottlenose dolphin
= Accordingto the species rule above the wholphinwould be anew species, but while
scientists do believe that hybridisation canlead to new species it needs to be afrequent
event forthis to occur,and wholphins are rare
= Note that the melon-headed whale is actuallyaspecies of dolphin,so the name
‘wholphin'is abitinaccurate!
= Theimperfectnature of this method of classifying species means that othercharacteristics are
oftenused atthe same time
= Organisms of the same species share similar morphology
= DNAsequences canbe compared,withacertainlevel of similarityindicating that organisms
are the same species
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Populations

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

= Apopulationcanbeisolated fromotherpopulations of the same species due to livingina
differentarea

= Thisisolationmeans thatmembers of the separate populations cannot breed together and
gene exchange orgene flow cannot take place betweenthem

= Aslongastheseisolated populations could,intheory,interbreed to produce fertile offspring,
theyare the same species

= |f the environmental conditions affectingeach population are different, thennatural selection
could act differently oneach populationand eventuallylead to speciation

= Geneticdriftcanalso lead to speciation

= Once speciationhas takenplace, the two species canno longerproduce fertile offspring; they

arereproductively isolated
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Reproductive isolation of two populations of trees can occur when the populations are separated fora
long period of time

Q Exam Tip

Make sure thatyoucanstate the definitionforaspecies - organisms belong to the same species
if theycaninterbreed to produce fertile offspring
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4.1.2 Methods of Nutrition

AutotrophvsHeterotroph

= Organisms need energy inthe formof ATP to survive

= The energystoredin ATP comes from otherorganic molecules, suchas carbohydrates, and is
transferred duringthe process ofrespiration

= The method bywhichanorganism gains organic molecules to fuelrespirationis known as its
mode of nutrition

= There are two mainmodes of nutrition;autotrophy and heterotrophy

Autotrophs

= Anautotrophsynthesises,orproduces,its ownorganic molecules fromsimple inorganic
substances inits environment
= Photosynthetic organisms use light energy to convert carbondioxide fromthe airinto
organic molecules such as carbohydrates
= Some autotrophs use energyfromthe oxidationofinorganic compounds instead of light
energy
= Autotrophs that uselight energyare knownas photoautotrophs, while those thatuse energy
fromoxidationof chemicals are known as chemoautotrophs

= Because autotrophs make theirown organic molecules without relyingon otherorganisms, they
are known as producers

= Mostgreenplants are autotrophs, alongwith algae such as seaweeds, and photosynthetic
bacteriasuchas cyanobacteria

Heterotrophs

= Heterotrophic organisms gaintheirorganic molecules byingesting the tissues of other
organisms
= There are severaltypes of heterotroph,includingconsumers, detritivores,and saprotrophs

Mixing modes of nutrition

= Some organisms are able to make use of more thanone mode of nutrition,suchas auto-and
heterotrophy
= These organisms are referred to as mixotrophs

= Euglenais asingle-celled eukaryotic organismthat makes use of bothautotrophyand
heterotrophy
= Fuglenacells cantake inbacterial cells byendocytosis,and thendigestthemusing
digestive enzymes storedinlysosomes

= Euglenacellsalso containalight-sensitive spot that enables themto positionthemselves
so that maximumlight reaches their chloroplasts
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Euglena is a single-celled eukaryote that makes use of autotrophic and heterotrophic nutrition
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Plant & Algal Nutrition

NOS: Looking for patterns,trendsand discrepancies; plantsand algae are mostly
autotrophic but some are not

= The majorityof plants and algae are photosynthetic, meaning that theyare autotrophs thatrely
onenergyfromthe sunto convert carbondioxide inthe airinto organic molecules intheirtissues
= Theirphotosynthetic cells contain pigments whichabsorb light energy
= The mainpigmentingreenplantsis chlorophyll, which primarily absorbs light at the red and
blue ends of the visible spectrum,reflecting greenlight
= Greenplants also have carotenoid pigments,knownas accessorypigments, which extend
therange of light wavelengths that can be absorbed;these pigments appearto bered,
yellow, orpurple and remainin mature leaves afterchlorophylldegrades
= Brownalgae,suchas the seaweed kelp, containabrown pigment called fucoxanthin
= Red algae and green algae have pigments called phycobilins

= There are some unusual exceptions to the autotrophic mode of nutritionused bymost plants
and algae

= Some plants parasitise theroots of otherplants, tappinginto the roots of these plants to
gaintheirorganic molecules
= E.g.groundcone plants looklike upright pine cones sittingon the ground, but are infact
parasitic plants, having no photosynthetic pigments of theirown, and gaining their
organic molecules fromtheroots of surrounding trees

= Some plants parasitise fungi,afeedingmode known as mycoheterotrophy, gaining their
organic molecules fromthe network of fungal cells inthe soil
= Therare plant Epipogium aphyllum, also known as the ghost orchid, has no leaves and no

chlorophyll, gainingits organic molecules fromthe fungi that formassociations with tree
roots

= \Whenexceptions to accepted trends are observed inthe naturalworld, it cansometimes mean
thatestablished modes of thinkingare incorrect,soitisimportantto considerdiscrepancies
carefully
= Inthe case of non-photosynthetic plants and algae:
= Theyarerare
= Theyappearto have evolved onmultiple occasions from autotrophic ancestors

= Thereisnotenoughevidence to disprove the mode of thinking that says that plants and
algae are autotrophs, but we cansaythat there are afew exceptions to this rule
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Types of Heterotrophic Nutrition
= There are severalways in which heterotrophs gain organic molecules fromotherorganisms
Consumers

= Consumers gaintheirorganic molecules byingesting the tissues of other living organisms or
recently dead organisms

= The consumers that eat plants are known as herbivores, and the consumers that eat other
animals are known as carnivores

Detritivores

= Detritivores gainorganic molecules byingesting the tissues of dead organisms oringesting
animal waste

= Detritivores carryoutinternal digestion, meaning that theydigesttheirfood inside theirbodies

= Examples of detritivoresinclude earthworms, woodlice and dungbeetles

Saprotrophs

= Saprotrophs alsoingest the tissues of dead organisms and waste material, but theysecrete
enzymes onto theirfood, and digest it externally

= The products of this externaldigestionare thenabsorbed

= Examples of saprotrophsinclude fungiand bacteria

= Saprotrophs secrete awide range of digestive enzymes that allow them to hydrolyse (break
down) alarge variety of biologicalmolecules, releasing alarge range of products as aresult

= Examples of these productsinclude mineralions,suchas ammoniumions and phosphate
ions

= |mportantly,not all of the products of external digestiongetabsorbed bysaprotrophs
= |nstead,some of the products remaininthe surrounding soiland become available to other
organisms such as plants
= Thisis whysaprotrophs are suchanessentialcomponent of ecosystems and food webs
= Without them, the nutrients locked up indead and waste matterwould neverbe made
available againand producers such as plants would nothave access to sufficient nutrients

4.1.3 Community

Community

= Speciesdo notexistbythemselvesintheirownisolated environment;theyinteract withother
species,formingcommunities
= 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
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Ecosystems

= Communities interact with the non-living components of the environment theylive in, forming
ecosystems
= Anecosystemcanbe defined as:
A community and its interactions withthe non-living parts of its environment

= Ecosystems are mostlyself-contained
= Thereis aflowof energy withinanecosystemand the nutrients withinitarerecycled (e.g.the
carbon, nitrogenand phosphorus cycles)
= There are bothbiotic components and abiotic components withinanecosystem
= Ecosystems vary greatly insize and scale
= Bothasmallpondinabackgardenandthe openoceancould be described as ecosystems
= Ahumanbeingcould also be described as anecosystem (there are thousands of species of
bacterialivingonandineveryperson)
= Ecosystems varyincomplexity:
= Adesertis arelativelysimple ecosystem
= Atropicalrainforestis averycomplexecosystem
= No ecosystemis completely self-contained, as organisms fromone ecosystemare often
linked withanotherecosystemsomehow
= Forexample, manybirds species are able to migrate longdistances to find food sources or
breedinglocations from multiple ecosystems
Exampleof anecosystem

= Aforestisanexample of acomplexecosystem

= Thereis alarge communityof organismsincludingtrees, birds, smalland large mammals,insects
and fungi

= The abiotic components of the ecosysteminclude the soiltype,dead leaves, waterfromthe
rainand streams, the rocks, and anyotherphysicalorchemical factors

= The abiotic components of the ecosysteminfluence the community of organisms (e.g. by
providing habitat, nutrients and otherresources organisms need inorderto survive and
reproduce)
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Levels of organisation in an ecosystem
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4.1.4 Nutrient Cycling

Obtaining Inorganic Nutrients

= Theindividualorganismsinanecosystemneed organic molecules to build theircells and tissues
= These molecules containcarbon,hydrogen, oxygen, nitrogen,and phosphorus, as well as
otherelements
= Because these elements are presentinthe abiotic environment (such as the air and soil) inthe
formofinorganic compounds ornutrients,ecosystems depend onproducers to transferthem
into the food chain
= Producers are autotrophs, producing organic molecules frominorganic carbonvia
photosynthesis
= |nterrestrial (land-based)ecosystems, plants use CO; fromthe air
= |naquatic (water-based)ecosystems, plants use CO; dissolved inthe water

= Plants are also able to absorb inorganic nutrients such as nitrates and phosphates fromthe
soil,incorporating theminto organic molecules intheirtissues as theygrow

= The organic moleculesinthe tissues of producers canthenbe accessed byotherorganisms
withinthe communityviafood chains

= Primary consumers feed onproducers, digesting theirtissues and absorbing the organic
molecules viatheirdigestive system

= Secondary consumers feed onprimaryconsumers,and so on

The inorganic nutrients originally obtained by the producer from the abiotic environment are transferred
to otherorganisms in the community via food chains

Page 10 of 32
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Nutrient Cycling

= Wheninorganic nutrients enterthe food chain,theyare converted into organic molecules and are
locked up inside the tissues of living plants and animals
= Because the supply of inorganic nutrients is finite, itis essential that when these organisms die
the nutrients locked up intheir tissues are released
= The organic molecules need to be converted backinto inorganic nutrients that canbe used
byproducers

= Theprocess of breakingdownthe bodies of dead organisms and the waste products of living
organisms is known as decomposition,and it enables the cycling of nutrients
= Detritivores oftenbeginthe process of decomposition by breaking apart tissues
= Saprotrophsrelease enzymes that break down the organic molecules inthe tissues,
releasinginorganic nutrients
= While saprotrophs absorbsome of these nutrients themselves, whatis leftinthe soil
becomes available forproducers

The cycling of nutrients in an ecosystem

O ExamTip

Rememberthat while anecosystem's supply ofinorganic nutrients is finite, the supply of energy
fromsunlight, although it may vary depending on weather conditions, is usually

continuous.The concept of nutrient cyclingdiscussed hereis separate to the concept of
energyflow covered elsewhere;the two ideas should notbe confused witheach other.
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Sustainability of Ecosystems

= |nafunctioningecosystem, the elements thatlivingorganisms need are constantly recycled
= Producers accessinorganic nutrients fromthe abiotic environment and convert theminto
organic molecules
= Consumers gainorganic nutrients fromingesting the tissues of producers and other
consumers
= Detritivores and saprotrophs break downthe organic molecules indead tissues and
waste matter,making them available againto producers

= Provided thatthe conditions are right and this cyclingprocess continues,ecosystems canbe
sustainable overlongperiods of time
= |f nutrientcyclingstops thenanecosystemcanonlybe productive until the finite supply of
inorganic nutrients runs out
= Without the process of decomposition, nutrients remainlocked up indead tissues and
cannotre-enterthe food chain

= Nutrient cycling might stopif environmental conditions become unsuitable for decomposition
= Climate change might cause anecosystemto become too dryforsaprotrophs to survive
= Harvestingordeforestationremoves organic matterfromthe environment and leaves
nothingforsaprotrophs to digest, meaning that the nutrients contained within this organic
matterare notrecycled backinto the ecosystemand are instead completelyremoved from
the ecosystem

4.1.5EnergyFlow

Initial Source of Energy

= The sunis theinitial (first)source of energy formost food chains
= Light energy fromthe sunis converted by producersinto chemical energy stored inthe
tissues of plants during the process of photosynthesis
= Chemicalenergystoredinthe tissues of plants passes to primary consumers when they
ingestplants,and onto secondary consumers when the primaryconsumers are themselves
ingested

= There are afewunusual exceptions,suchas food chainslocated indeep seavolcanic vents that
relyonbacteriagainingenergy fromchemical processes;these are chemoautotrophic bacteria

Light Energy Conversion

= Photosynthesisis the process of convertinglight energyinto chemical energy
= The photosynthetic pigment chlorophyllabsorbs light energy when sunlightlands on
photosynthesising parts of a plant
= Thislightenergyis used to powerseveral processes whichresultinthe productionof organic
molecules,orcarboncompounds,including:
= Glucose,whichisusedinrespirationorstoredinplantcellsinthe formofstarch
= Lipids
= Amino acids

= Hydrolysingthese carboncompounds releases energy, so theycanbe said to containstored
chemicalenergy

= These carboncompounds are used by the plant to build plant tissues, meaning that the energy
stored inthemis stored withinthe tlssu<|=:%8g weo% nt
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Energy Flow Through Food Chains

= Chemicalenergy,storedincarboncompoundsinplanttissues,is passed to the primary
consumer whenthe plantisingested
= The primaryconsumerdigests the plant tissues and absorbs the carboncompounds
containing stored chemical energy
= These carboncompounds caneitherbe used to fuelrespirationorto build up animal tissue,
meaning that the stored chemical energy is transferred to the tissues of the primary
consumer

= Whenthe primaryconsumerisingested,the carboncompounds inits tissues, alongwith their
stored chemicalenergy, pass to the secondary consumer,and so onup the food chain

= Whenanorganismdies, the chemical energystored incarboncompoundsinits tissues passes
to detritivores and saprotrophs

= |nafood chain,the arrows represent the transfer of energy,inthe formof stored chemical
energyincarboncompounds,fromone trophic level to the next,bythe process of feeding

A simple food chain - the blue arrows show how the chemical energy originally stored by the produceris
transferred to otherorganisms in the food chain

O ExamTip

Don'tforgetthatthe arrowsinafood chainorfood webrepresent the transferof chemical
energyfromone trophic level to the next through feeding.
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Energy Lost by Respiration

= The chemicalenergystorediningested carboncompounds canbereleased by the process of
respiration
= The carboncompound glucose s the fuel forrespiration
= Othercarboncompounds suchaslipids canbe converted into glucose before being
respired

= Theenergyreleased duringrespirationcanbe used byorganisms to carryout the functions of
life
= Metabolism-the enzyme-catalysed reactions taking place inside cells
= Reproduction-the sexualorasexual productionof offspring
= Homeostasis - the maintenance of internal conditions within tolerable limits
= Growth-increasinginsize
= Note thatduringgrowthsome of the chemical energyinthe carbon
compoundsingested byanorganismisincorporated into the tissues of the organism
as it grows;this stored chemicalenergy canbe passed to the next trophic levelinthe
food chain

= Response-sensingand respondingto the environment
= Excretion-disposalof metabolic waste
= Nutrition - gaining energy and nutrients

= Theprocess ofrespirationalso releases heat as aby-product

Energy Conversions

= The process ofrespirationinliving organisms releases heat as aby-product
= This appliesinproducers,consumers,detritivores,and saprotrophs

= Livingorganisms cannot convert the heat energy thatisreleased asaby-product of
respirationinto any other formof energy

= This means thatheat energy islost fromfood chains at everytrophic level,as well as during
decomposition

= This heat energy is ultimatelylost to the environment

= Ecosystems have enoughenergyto be sustainable because energyis always enteringfood
chains viaproducers as they capture light energy fromthe sun

O Exam Tip

Be careful withyourlanguage whendiscussing energy. You should always describe energy as
beingreleased,stored,converted (fromone formto another),ortransferred (e.g.lost to the
environment), neveras beingproduced,made,ordestroyed.
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4.1.6 EnergylLosses

Wasted Energy - Heat

= Theprocess ofrespirationinlivingorganisms releases heat as aby-product
= This appliesinproducers,consumers,detritivores,and saprotrophs

= Thisheat energyislost fromecosystems to the environment at everytrophic level,and during
decomposition

Heat energy released during respiration is lost to the environment at every stage of the food chain
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EnergyLossesbetweenTrophic Levels

= Whenaconsumeringests anotherorganismnot allthe chemical energy inthe consumer’s food
is transferred to the consumer's tissues
= Only around 10% of the energyis available to the consumerto storeintheirtissues
= Thisis because around 90% of the energyis lost to the environment
= Around 90% of the energyis lostto the environmentbecause
= Noteverypartofthe foodorganismis eaten,e.g.theroots and woodyparts of plants or
the bones of animals, meaning that the chemical energythese uneatentissues containis lost
to the environment
= Consumers are not able to digest all of the food theyingest,e.g.cellulose inplants,orthe
furof animals,so someis egested as faeces;the chemical energyinthis undigested food is
also lostto the environment
= Energyislostto the environmentinthe formof heat whenconsumers respire
= Energyislostto the environment whenorganisms excrete the waste products of
metabolisme.g.ureainurine
= The energythatisleft afterthese lossesis available to the consumer to fuel theirlife
functions, includingbeingstored incarboncompounds intheir tissues during growth
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Energy is lost from the food chain as heat during respiration, due to incomplete digestion, and through
excretion of the waste products of metabolism. Remaining energy fuels the organism’s life processes or
is stored in carbon compounds in the tissues.

NOS: Usetheoriestoexplain naturalphenomena; the concept of energy flow
explainsthelimitedlength of food chains

= Scientists cangatherinformationabout the world byobserving events, orphenomena, before
formulating theories that seek to explainthose events
= |Inthecaseoffood chains:
= Scientists observe that food chains are short and have a pyramid structure
= Theories of energyflow and energylosses canprovide anexplanationforthese phenomena

= Food chains are limited inlength
= Food chainsrarelyhave more thanaround fourorfive trophic levels;this is because with
energylosses ateachtrophic level,thereis less and less energy available to the consumer
asyougo upthe food chain
= Whenafood chaingetslongerthanfourorfive trophiclevels itbecomes too difficultfora
predatorto hunt enough preyto gainthe energyto survive

= Biomass decreases witheachtrophiclevel

= Becauseonlyaround 10% of the energystored inaproducer's tissues is available to a primary
consumer, primary consumers heeds to consume alarge amount of plant biomass to gain
enoughenergy to survive

= Again,onlyaround 10% of the energystored inaprimaryconsumer's tissues is available to a
secondaryconsumer, meaning that secondary consumers need to consume alarge
amount of prey biomass to gainenoughenergy to survive

= Thisleads to alargereductioninbiomass at each trophic level and means that when
represented interms of biomass,food chains have apyramid structure
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The biomass at each trophic level of a food chain can be represented as a pyramid of biomass. The
pyramid shape results from the energy losses at each trophic level.

O Exam Tip

Make sure that youknow the different ways that energycanbe lostfromafood chainand that
you canexplainthe effects that these losses have onfood chainstructure.Be carefulnot to mix
up pyramids of biomass with pyramids of energy.
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4.1.7 Skills: Species, Communities, Ecosystems & Energy Flow

Identification of Trophic Level
Classifying speciesasautotrophs, consumers, detritivores, or saprotrophs

= Aspecies canbe classified as anautotroph,consumer,detritivore,orsaprotroph onthe basis of
its mode of nutrition

Autotrophs

= Anautotrophsynthesises,orproduces,its ownorganic molecules fromsimple inorganic
substances inits environment

= Photosynthetic organisms use light energy to convert carbondioxide fromthe airinto
organic molecules suchas carbohydrates

= Some autotrophs use energyfromthe oxidation ofinorganic compoundsinstead of light
energy

= Autotrophs thatuselightenergyare knownas photoautotrophs, while those that use energy
fromoxidationof chemicals are known as chemoautotrophs

= Because autotrophs make theirown organic molecules without relyingon otherorganisms, they
are known as producers
= Mostgreenplants are autotrophs, withfew exceptions
= Some unusual plants are parasitic, gaining theirnutrients fromtheroots of host plants,orvia
networks of fungiinthe soil

Heterotrophs

= Heterotrophic organisms gaintheirorganic molecules from other organisms
= There are several types of heterotroph,includingconsumers, detritivores, and saprotrophs

Consumers

= Consumers gaintheirorganic molecules byingestingthe tissues of otherlivingorrecentlydead
organisms

= The consumers that eat plants are known as herbivores, and are the primary consumersinafood
chain

= The consumers that eat otheranimals are carnivores, and those that eat the primaryconsumers
are secondary consumers

= Carnivores thateatsecondaryconsumers are tertiary consumers

Detritivores
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= Detritivores gainorganic molecules byingesting the tissues of dead organisms oringesting
animalwaste

= Detritivores digest theirfoodinside theirbodies
= Examples of detritivoresinclude earthworms,woodlice and dung beetles

Saprotrophs

= Saprotrophs also gaintheirorganic molecules fromdead matter, but theydigest theirfood
externally

= Saprotrophic organisms secrete enzymes onto dead matter,and these enzymes breakdown
the food before nutrients are absorbed

= Saprotrophsinclude fungiand bacteria

Classifying Species as Autotrophs, Consumers, Detritivores,or SaprotrophTable

Q Exam Tip

The two mainmodes of nutrition are autotrophism and heterotrophism, and withinthose modes
are differenttypes e.g.aheterotrophcanbe aconsumer,adetritivore,orasaprotroph
dependingonits food source and its method of digestion
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Practical 5: Mesocosm - Sustainable Ecosystem
Reasonsforbuilding mesocosms

= Amesocosmis anexperimental containerin which anaturally occurringecosystemis simulated
= Mesocosms canbeusedtostudy theresponse of anecosystemto changesinspecific
factors suchas nutrientand lightlevels
= Unlike arealecosystem,itis possibleinamesocosmto controlallof the factors otherthanthe
variable being studied
= Mesocosms canbe setupinmanydifferent ways formanypurposes
= Watertanks canbe setuponland to studythe effect of sewage pollutiononponds orlakes
= Underwaterenclosures canbe builtincoastalwaters orlakes to studythe effect of
temperature change ordissolved carbondioxide onoceanecosystems
= Trees canbe plantedinlarge greenhouse-like buildings to replicate arainforest to
investigate the passage of carbon throughthis ecosystem

= Mesocosmexperiments canbe considered unrealistic due to theirenclosed nature and the
levelof controlthat canbe achieved
= Realismcanbeimproved bydesigninglarge mesocosms that share more of the features of
arealecosysteme.g.enabling mixing of layers of waterinalarge oceanmesocosm

Building a mesocosminthelab

= |tis possible to build smallmesocosmsinthelaboratory
= Factorsto consider:
= The containershould be transparent to enable sunlight to reachproducersinside the
mesocosm
= Autotrophs should beincluded so thatlight energy canbe converted into chemical energy
inside the mesocosm
= Small primaryconsumers suchas zooplanktonorothersmallinvertebrates could be
included, butitisimportantto considerwhetherthe mesocosmis likelyto be large enough
to supportthem
= Donotinclude secondaryconsumersinamesocosmbecause there willnotbe enough
energyinthe food chainto sustainthemforlong,anditcould be considered unethical to
allow the primary consumers to be eatenin this way

= Mesocosms canbesetupasopensystems,i.e.withoutalid,butsealed systems are more
controlled, and therefore more useful forexperimental purposes
= Sealed systems prevent organisms and substances fromentering orleaving

= [nthelab,amesocosmcanbe setupandthenaknownfactorcanbe altered to assessits effect
= E.g.differentlight levels,differenttemperatures etc.
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Inorderto assess the impactof changingone factor,acontrolmesocosmmustbe setupatthe
same time
= Acontrolmesocosmwillbe exactly the same as the experimentalmesocosm,but the
altered variable willnot be changed
= The purpose of thisis to demonstrate that anychange inthe mesocosmis due to the
altered factorand not anotherfactor

Terrestrialmesocosm

Place drainage material such as gravelinthe bottomofaclearcontainer

Add alayerofcharcoalontop of the drainage layer; this canhelp to prevent the growthof mould

Place alayerof sphagnummoss orfilterpaperontop of the charcoalto provide separation

betweenthe base layers and the organic matterabove

Add alayerofsoilorcompostabove the separation layer;this provides organic material and

micro-organisms to aid with nutrient cycling

Plant slow-growing producers such as healthymosses and ferns inthe growth medium

Waterthe growthmedium before sealing the containerwith alid

= The mesocosmmayneed wateringwhile it establishes, but avoid excessive watering;once

the mesocosmhas stabilised, the plants should release enough watervapourduring
respirationto maintain moisture levels

Place the containerinalight location,and ensure that the temperature is stable

Aquatic mesocosm

The base layerofthe mesocosmshould consist of organic substrate fromthe bottomof alake
orpond;this will provide naturally occurring nutrients and microorganisms

Add lake or pond water;this ensures that it contains the required microscopic organisms and
avoids chemicals fromtap water

Add healthy aquatic plants to produce carbohydrates and oxygenate the water

Smallaquatic organisms such as waterfleas orwatersnails canbe added, butnot more
organisms than the size of mesocosmcansupport

Place the containerin aliaht location.and ensure that the temperature is stable

Building a terrestrial oraquatic mesocosm

Page 22 of 32
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

4.1.8 Skills: Chi-squared test & Statistical Significance

Chi-squared Test for Association
Looking for associationsbetween species

= The distributionof speciesinahabitatis rarely random;it usuallydepends onfactors suchas 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 saythatthere 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

= |f species have nointeractionwitheachother,thenthere willbe no associationbetweentheir
distributions,and anythat appears to occurwillbe due to chance
= We would saythat such species have distributions that are independent of each other

= Randomsampling with quadrats, alongwith a statisticaltest called the chi-squared test,canbe
used to testforanassociationbetweentwo species

Using quadratstostudythedistribution of species

= Aquadratis asquare frame thatis placed within the areato be studied to provide a sample
= Quadrats are used to studythe distribution of sessile organisms
= Quadrats canbe different sizes dependingonthe species beingstudied
= Alm2quadrat canbe used to studysmallorganisms such as herbaceous plantsina
grassland orlimpets onarockyshore
= A400m2quadratcanbe used to studylarge organisms such as trees (quadrats like this
willusuallybe marked out with stringratherthan a frame!)

= Scientists canrecord different types of datafromaquadratdependingonthe aimofa
studyand the speciesinvolved
= Presenceorabsenceofaspecies
= Species frequency;how manyindividuals are inthe 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
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= Quadrats canbe divided upinto smallersquares to allow percentage coverto be assessed
more easily

= Theuse of quadrats enablesresearchers to obtaindatathatis arepresentative sample forthe
habitat being studied

= Oftenanareabeingstudiedisverylarge anditisimpracticaltorecord dataacross anentire
habitat,so quadrats provide small samples thatrepresent the whole habitat

= Forasampleto berepresentative,it needs to be:
= Large enough;the largerand more diverse a habitat, the more quadrats need to be used
= Random;this avoids bias e.g.whenastudentdecides to place theirquadrats inaparticular
place becauseitlooks moreinteresting

= Randomness canbe achieved bydividing a habitat upinto grid squares and thenusingarandom
number generatorto decide where to place each quadrat

Random sampling with quadrats can be used to study the distribution of organisms

The chi-squaredtest

= Astatisticaltestcalled the chi-squared test determines whetherthere is a significant
difference betweenthe observed and expected results inanexperiment
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= |ts purposeisto assess whetheranydifferenceintheseresultsis due to chance,ordue to
anassociationbetween the variables being tested

= Achi-squared testcanbe 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
= Analternative hypothesis states that there is a significant difference, or association,

betweendatasets e.g.thatthereis anassociation(eitherpositive ornegative) between
the distributions of two species

= Theresultofachi-squaredtestenables scientists to eitheraccept orreject anullhypothesis
Using the chi-squared test totest forassociation

= Stepl:Constructacontingency table foryourresults
= This allows the numberof quadrats that containone,both,orneitherspecies to berecorded

= Step2:Calculate therow,column,and overalltotals foryourcontingencytable
= Step 3:Calculate the expected values (E) foryourtable
= Theresultsrecorded inthe contingencytable are the observed values (O);to calculate the
chi-squared value we need to calculate the expected values foreach datapoint.
= The expected values are what we would expectto see if the nullhypothesis were correct

= Note thatthisis the first step towards calculating the chi-squared value, the equationfor
whichis:

=Y
Z (O EE)

Y=sumof O=observedvalue E=expected value

= Step4:Calculate the difference betweenthe observed and expected values

= Subtractthe expected values fromthe observed values (O - E);some of the resulting values
will be negative
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= 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 with a probabilitylevelof 0.05,0r5%
= This means thatwe canbe 95% certain that 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

StepTl: Compare the chi-squared value with the critical value to assess the significance

@ Worked example

Aresearcherdecided to testforanassociationbetweenthe distributionof two types of
mollusc onarockyshore;limpets and dogwhelks. Theirnullhypothesis was that there was no
associationbetweenthe distributions of limpets and dogwhelks.Theycarried out 50 randomly
placed quadrat samples ontherockyshore,recording eitherthe presence orthe absence of
bothlimpets and dogwhelks ineach quadrat.They obtained the followingresults:

= Quadrats containinglimpets only: 14

= Quadrats containingdogwhelks only: 21

= Quadrats containingbothlimpets and dogwhelks:7

= Quadrats containing neitherlimpets nordogwhelks: 8
Use the chi-squared testto determine whetherornotthere is a statistically significant
associationbetweenthe distributions of limpets and dogwhelks.

Step 1: Construct acontingency table

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

Contingency Table

Step 3:Calculate the expected values

The equationforworking out the expected values is:

row total x column total
overall total

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

28x 21

50 - 11.76

Step 4:Calculate the difference betweenthe observed and expected values
Oo=7

E=1.76
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7-N76=-4.76
Step 5:Square eachdifference
-4.762=22.66
Step 6:Divide eachsquared difference by the expected value
2266 +11.76 =193
Repeatsteps 3-6 foralloftheresultsinthe contingencytable

Chi-squared Working Out Table

Step 7:Add allof theresults fromstep 6 together to obtainthe chi-squared value
245 +1.4+193+1.78 =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 =(numberof columns - 1) x(numberofrows -1)

Columns and rows referto the original contingencytable.
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Inthis example, there are 2columns and 2rows inthe contingencytable
Degrees offreedom=(2-10)x(2-7)
=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

Chi-squared Critical Values Table

Withdegrees of freedomas 1,and aprobability levelof 0.05,the critical value canbe read fromthe
table as 3.84

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
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This means that there is a significant associationbetween the two species (see sectionbelowon
statistical significance)

O Exam Tip

When calculating a chi-squared value itis very helpful to create atable like the one seeninthe
worked example. This will help youwith your calculations and make sure youdon’t get muddled
up!

Statistical Significance

= The chi-squared value,once calculated,canbe compared to acritical value; this allows
statistical significance to be assessed
= |f the 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
= Inthis case,the nullhypothesis canberejected

= [fthe chi-squared value is equalto 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 probability level, or p—value, of
0.05,0r5%

= This means thatif adifference orassociationis shownto be statisticallysignificant at this
level, thereis onlya’5% probability (i.e.probability =0.05) that this result might be due to
chance
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4.1.9 Skills: Pyramids of Energy

Pyramids of Energy

= Pyramids of energyillustrate the amount of energy contained withinthe biomass of organisms
ateachtrophic level
= Thelengthofeachbox,orbar, represents the quantityof energypresent
= Pyramids of energyshould be drawnto scale so thateachbaris proportionalinsize to the
amount of energythatitrepresents
= |nsome situations,however, apyramid of energy maybe anapproximate sketchwhere each
baris aroughrepresentationof the energycontained

= These pyramids are always widest at the base and decrease insize as theygo up
= Thebaseiswide due to the large amount of energy contained within the biomass of
producers

= Pyramids of energyshow astepped decrease inthe energycontained ateachlevelof the food
chainratherthan appearing as pyramid withsmoothsides
= Thelevels of apyramid of energyshould be labelled producer, first consumer,second
consumer,and so on
= Theunits used should be the amount of energy, per unit area,peryear e.g. k) m2year’!
= Asyoumove up the pyramid to highertrophic levels, the quantityof energydecreases as not all
energy is transferred to the biomass of the next trophic level (roughly 10 % of the energyis
passed on)
= Energyislostateachtrophicleveldue to
= |[ncomplete consumption
= |ncomplete digestion
= |lossofheatenergyto the environment duringrespiration
= Excretionofthe waste products of metabolisme.g.carbondioxide, water,and urea

= Asaresult of this,the biomass at each trophic level willalso decrease as energy availability
decreases
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The energy stored in the biomass of organisms can be represented by a pyramid of energy

Q Exam Tip

Rememberthat pyramids of energy should be drawnto scale and the units used should be the
amount of energy, perunit area, peryeare.g. k) m? year™
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