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Ecological Niches

EcologicalNiches

= The place where aspecies lives is known as its habitat
= Species willoccupyaspecific niche within a habitat
= Thetermniche canbe defined as
Therole of aspecies withinits habitat

= Theroleofaspeciesincludes
= Whatiteats
= Whichotherspecies dependonitforfood
= Whattime of dayaspeciesis active
= Exactlywhereinahabitataspecieslives
= Exactlywhereinahabitataspecies feeds
= No two species canfillthe same niche withinahabitat;if this everhappens the two species will
beindirect competitionwitheach otherforresources,and one of the two species willout-
compete the other,causingitto die outinthat particularhabitat
= |tcansometimes seemas thoughspecies are occupying the same niche, but there will still be
subtle differencesintheirrole;e.g.theymight feed at different times of day, orhave
different food sources

Feeding nichesdiagram

Feeding location is an example of a feature that may differ between niches
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Adaptationto ecological niche

= Species canonlysurvive in habitats inwhichtheyare welladapted to their niche;theymust be
adapted to ahabitat's:
= Abiotic factors,e.g.
= Plants musthave enoughlight forphotosynthesisinorderto produce carbohydrates
= Aquatic organisms must be able to absorb enough oxygen fromthe surroundingwaterfor
respiration
= Biotic factors,e.g.
= Apreyorganismbeingcamouflaged to avoid predation
= Aplantgrowingfastenoughto outcompete nearbyplants forsunlight

Anaerobes & Aerobes

= Alllivingorganisms carryout some formofrespiration
= Aerobicrespirationrequires oxygen:

= Anaerobic respirationdoes not require oxygen:

= Some organisms can survive using either aerobic or anaerobic respiration, while some canonly
survive usingone type or the other; organisms are said to be either
= Obligate anaerobes
= Facultative anaerobes
s Obligate aerobes
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Obligate anaerobes

= These aresingle-celled organisms that canonly carry out anaerobicrespiration
= Theycannot tolerate oxygen

= FEarlybacteriawere obligate anaerobes;theywere able to survive inthe atmosphere of early Earth

duetoitslackof oxygen
= Photosynthesis has sinceintroduced oxygento the Earth's atmosphere, meaning that obligate

anaerobes cannowonly be found inoxygen-free environments,e.g.lowerlayers of soil,deep
water,and inside the bodies of othergroups of organisms

Facultative anaerobes

= These organisms mainly respire aerobically, but have the abilityto switchfully to anaerobic
respirationinthe absence of oxygen
= The switchto anaerobic respiration has no negative effects forfacultative anaerobes
= Examples of facultative anaerobesinclude
= Brewers yeast, saccharomyces cerevisiae
= [Escherichia coli,aspecies of bacteria

Obligate aerobes

= These organisms cannot survive inthe absence of oxygen;theyrelyonaerobic respirationto
release energyfromfood
= Theymaybe able to carryout anaerobic respirationinsome cells forshort periods, but the
damagingeffects aretoo greatto do this forlongerthanafew seconds
= Examples of obligate aerobes include
= Mostanimals
= Mostfungi(notyeast)
= Some bacteria, e.g. Mycobacterium tuberculosis
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Methods of Nutrition

Photosynthesis

Methods of nutrition

= Organisms need energyinthe formof ATP to survive
= TheenergystoredinATP comes fromotherorganic molecules,suchas carbohydrates,and is
transferred duringthe process of respiration
= The waybywhich an organism gains organic molecules to fuelrespirationis knownas its
method,ormode, of nutrition
= There are two mainmodes of nutrition;autotrophy and heterotrophy
= Anautotrophsynthesises,orproduces,its ownorganic molecules fromsimple inorganic
substancesinits environment
= E.g.autotrophs thatuselight energyare known as photoautotrophs, while those thatuse
energyfromoxidation of chemicals are known as chemoautotrophs
= Aheterotrophgains organic molecules fromthe tissues of otherorganisms

Photosynthesis

= Photosynthetic organisms are autotrophs that use light energy to convert carbondioxide from
the airinto organic molecules such as carbohydrates
= Photosynthetic pigments suchas chlorophyllabsorb light energy, enabling this process

= Because photosynthetic organisms make their ownorganic molecules withoutrelyingonother
organisms, theyare known as producers
= Photosynthesisisacrucialprocess becauseittransferslight energy into achemicalform
that canbe used byliving organisms
= Producers canthenbe eatenby otherliving organisms, continuing the process of energy
transfer
= |nadditionto providing the crucial bridge between non-living matterand living organisms,
photosynthesisis also responsible forthe release of oxygeninto Earth's atmosphere, enabling
aerobic respiration
= Photosynthetic organismsinclude
= Plants,bothterrestrialand aquatic
= Algae,includingsingle-celled algae and multicellularseaweeds

= Photosynthetic bacteriasuchas cyanobacteria
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O Exam Tip

Be careful withyourlanguage whendiscussing energy;youshould NEVER say that energyis
produced orcreated,onlythatitis transferred fromone formto another. Photoautotrophs do
not produceenergy,theyproduce theirownfood bytransferringlight energyto chemical
energy.

Holozoic Nutrition

Heterotrophs are organisms that gain organic molecules fromthe tissues of other organisms
= E.g.animals are allheterotrophs
Organisms thatuse holozoic nutrition are heterotrophs that gain organic molecules byingesting,
digesting, absorbing, and assimilating molecules fromthe tissues of other organisms
= |ngestion=eating
= Digesting =breakingdownlargermoleculesinto smallermolecules
= Absorbing=the transportof molecules fromthe digestive tractinto the cells
= Assimilation=usingmolecules to build cells and tissues
The crucial point to rememberhere is that holozoic nutritioninvolves internal digestion
= There are afew examples of animals, e.g.house flies, that secrete enzymes onto theirfood
before absorbingthe products;animals like this are heterotrophs, but theydo notuse
holozoic nutritionas digestion takes place externally

Mixotrophs

Some organisms are able to make use of more thanone method of nutrition, such as auto-and
heterotrophy;these organisms are referred to as mixotrophs
Obligate mixotrophs must constantlyhave access to bothmethods of nutrition
Facultative mixotrophs cansurvive usingone method of nutrition, whichis supplemented by the
other
E.g.euglenais asingle-celled eukaryotic organismfound infreshwaterthat makes use of both
autotrophy and heterotrophy
= Euglenacells cantake inbacterial cells byendocytosis,and thendigest themusing digestive
enzymes storedinlysosomes
= FEuglenacells also containalight-sensitive spotthat enables themto positionthemselves so
that maximum lightreaches theirchloroplasts
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Euglenadiagram

Euglena is a mixotroph that makes use of autotrophic and heterotrophic nutrition

= Otherexamples of mixotrophsinclude
= Carnivorous plants
= These plants build organic molecules usingbothphotosynthesis and usingmolecules
fromthe tissues of digestedinsects
= Corals

= Coralpolyps gainorganic molecules fromtheirsymbiotic photosynthetic algae, and by
filter feeding fromthe surrounding water
= Marine plankton,e.g.dinoflagellates
= These are microscopic organisms that floatinthe waterofthe ocean
= Manyare mixotrophs, e.g.feedingonbacteriawhile also carryingout photosynthesis

Saprotrophs

= Saprotrophs are heterotrophs thatingest the tissues of dead organisms and waste material by
secretingenzymes onto their food and digestingit externally before absorbingthe products
of this digestion
= Note that thisis differentto holozoic nutrition as here the digestiontakes place externally
= Examples of saprotrophsinclude fungiand bacteria
= These organisms canbe described as decomposers
= Saprotrophs secrete awiderange of digestive enzymes that allow themto hydrolyse alarge
varietyof biologicalmolecules,and so to release alarge range of products
= Examples of these productsinclude mineralions, suchas ammoniumions and phosphateions
= |mportantly,notallof the products of external digestion getabsorbed by saprotrophs, leaving
some minerals inthe surrounding soil forabsorptionbyotherorganisms, such as plants
= Without saprotrophs the nutrients locked upindead and waste matterwould neverbe released
and plants would not have access to sufficient minerals
= Thisis whysaprotrophs are suchanessentialcomponent of ecosystems and food webs
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O ExamTip

Note thatdecomposers,suchas fungi,do NOT use the same method of nutrition as
detritivores suchas earthworms.Bothdecomposers and detritivores feed ondead organisms
and waste material,butdecomposers are saprotrophs and use external digestion, while
detritivores digest theirfood internallyusingholozoic nutrition

Nutritionin Archaea

= The archaeaare adiverse group of single-celled organisms that make up one of the three
domains
1 Differentgroups of archaeavarymetabolically, e.g.
= Phototrophic archaea
= Chemotrophic archaea
= Thisincludes chemoautotrophs and chemoheterotrophs
= Heterotrophic archaea

Phototrophic archaea

= Phototrophic archaeause energy fromlight to generate ATP

= E.g.Halobacteriause apigment called bacteriorhodopsinto absorblight energyand to pump H*
ions across amembrane;the resultingiongradientleads to the production of ATP by the enzyme
ATP synthase inasimilarwayto oxidative phosphorylationand photophosphorylation

= Notethatthisis notthe same as oxygen-releasing photosynthesis,and Halobacteriaare not
considered to be autotrophic,but could instead be described as photoheterotrophs

= While theyuse light energyto produce ATP, Halobacteriagain carbon compounds to build
theircell structure fromotherorganisms

Chemotrophic archaea

= Some archaeacanproduce theirowncarboncompounds usingchemosynthesis
= These archaeaare chemoautotrophs
= Theyuse energyreleased fromchemicals in the environment
= Theyproduce theirowncarboncompounds
= Chemosynthesisreleases energy fromchemicals whichis transferred to carboncompounds
= Thesecarboncompounds canthenbe used forATP production
= Chemicals thatcanactas energysources forchemosynthetic archaeainclude
= Hydrogengas
= Ammonia
= Methane
= Hydrogensulfide
= Some chemotrophic archaeause energyfromchemicals to directly drive ATP productionina
similarwayto the phototrophic archaeadescribed above
= These archaeaare chemoheterotrophs;theyuse chemicals to produce ATP but theygain
theircarboncompounds from otherorganisms

Heterotrophic archaea

= Heterotrophic archaeagaintheircarboncompounds fromother organisms,and thenuse these
carboncompounds to generate ATP
= E.g.archaeathatbreak downand absorbcarboncompoundsindead plant material
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O ExamTip

Note thatyouare not expected to give examples of archaea at the species level.

Nutritionin Hominidae: Skills

Nutritionin Hominidae

= Humans are part of the Hominidae family, along with chimps, gorillas, orangutans, and gibbons
= The evolutionarytree below shows the Primate order,which contains the Hominidae family
onthelefthand side

The Primate order (above) contains the Hominidae family

= Mostexistinghominids are omnivores, meaning that theirnutritioncomes fromacombinationof
animal and plant material, e.g.
= Chimps are mainly frugivores, meaning that theirmain diet consists of fruit,though theydo eat
otherplant matterand some small mammals
= Gorillas are mainly herbivores, feeding primarily on leafyvegetation, thoughtheydo
sometimes eatinsects
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= The study of the skulls of existinghominid species shows that the jaw and dentition, or teeth,
of eachspecies are specialised for their particular diet, e.g.
= Chimps have relatively smalljaw muscles which are only strongenough to chew softerfruit
and animal tissue, while gorillas have very strong jaw muscles forbiting and grinding tough
vegetation
= Chimps have smallincisorteethand long canine teeth, enablingthemto bite and tearmeat,
while gorillas have large molarand premolarteeth forgrinding vegetation
= |ncisorteethare chisel shaped forcutting and biting
= Canineteethare pointed forholding and tearing
= Premolars and molars are flat and ridged forgrinding

Typesof teethdiagram

Species will often have different combinations of teeth types and sizes to enable them to better chew
and digest their diet

= Weknow thatthereis arelationship betweendiet and the dentitionin currently existinghominid
species,and itis possible to applythis principle to extinct hominid species
= The skulls and jaws of extinct species are oftenwellpreserved and can be studied
= This allows scientists to find out about the diets of these extinct species,as wellas the
ecosystemstructuresinwhichtheylived
= |tisworthnotingthat while dentitioncansometimes be clearlylinked to diet,teethdon't
always give aperfectindicationof what aspecies eats, e.g.
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= Existinghumans eat quite alot of meat, but have teeththat are more similarto plant-
eaters
= QOrangutans and gorillas have pointed canines but do not eat meat
= Male chimps have longercanines thanfemales despite not having adifferentdiet
= Teethmayplay aroleinotherprocesses,e.g.defendingterritory,orcompetingfor
mates,so are not always aperfectindicatorofdiet,and otherfactors would have to be
considered whendrawing conclusions about the diets of humanancestors
= E.g.scientists canstudyfossilteethunderamicroscopetolookforpatterns of
abrasionwhichmayindicate diet more clearly

Examples of extinct hominids include

Australopithecus africanus
Paranthropus robustus
Homo floresiensis

Homo neanderthalensis

E.g.fossilevidence from Paranthrapus robustussuggests that theyhad adiet of tough plant
material

Theirskull shape was similarto that of modern gorillas;robust in shape, and with attachment
points forlarge jaw muscles forchewingtoughvegetation

Large molars and premolars forgrinding vegetation

Thicktoothenamel to protect the toothfrombeingdamaged bytough plant matter

E.g.fossilevidence from Homo floresiensissuggests that they were primarily plant eaters, but that
theymayhave eatensome meat

Theyhad large premolar teethand small canines

Theirjaws were square and robust;afeature thatis similarto plant-eating gorillas
Toothabrasionsuggests afibrous, plant-based diet

Theirskulls are more similarinshape to humans that to otherhumanancestors, suggestinga
reductioninthe bitingforces used

Evidence of hunting/cuttingtools provides additional evidence of meat eating behaviour

Some fossils are available to view as part of digital collections, e.g.fromthe Smithsonian
Institution,the Paleontological ResearchInstitution,and the North Carolina Schoolof Science
and Mathematics

Considerexamining 3D specimens of Homo sapiens, Homo floresiensis, and Paranthrapus
robustusto inferdiet fromanatomical features
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CCBY-SA 4.0, via Wikimedia Commons CCO, via Wikimedia Commons

Paranthropus robustus (left) had a skull ridge for the attachment of large jaw muscles and a robust skull
shape similar to modern gorillas, while Homo floresiensis (right) had small canine teeth and a skull similar
in shape to modern humans

NOS: Deductions canbe made from theories

= Scientists begintheirwork by makingobservations,e.g.observinghow the teeth of existing
Hominids relates to theirdiet

= Observations canthenbe used to develop theories, e.g.that the diet of extinct Hominids canbe
deduced bylooking at theirdentition

= While suchtheories and deductions are avaluable part of the scientific process,itis important
that new evidence is takeninto account as it arises, e.g.discrepancies between the dentition
and diets of modernhominids tell scientists that theirdeductions about extinct species maybe
flawed, and that additional sources of evidence maybe needed
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Nutrition: Adaptations of Organisms

Adaptations of Herbivores & Plants

Adaptations for herbivory

= Herbivores are heterotrophs thatfeed onplants
= Different groups of organisms have different adaptations that allow themto survive onplant
tissues
= Adaptations are characteristics that aid anorganism's survivalinits environment
= Examples of adaptations forherbivoryinclude:
= Herbivoryininsects
= Aphids have specialised mouthparts known as stylets that are able to pierce plant
tissues to reachthe sugarysapinside the phloem
= |nsects suchas caterpillars, grasshoppers and beetles have mouthparts called
mandibles which allow themto cut throughleaves
= Herbivory inmammals
= Grazinganimals such as sheep and horses have flat teethforgrinding plant matter
= Ruminant mammals such as cattle and deerhave digestive systems adapted to improve
theirdigestion of tough plant material; they have stomachs withseveral compartments
fromwhichtheycanregurgitate and re-chew their food, breakingdown plant matter
into smallerpieces to aid digestion
= Ruminants have specialised communities of bacteriathatlive intheirdigestive tracts
which aid the breakdown of cellulose
= The bacteriahave the enzymes needed to break down cellulose, while the herbivores
donot
= Some mammals have the ability to neutralise toxins produced byplants,e.g.
= Somedeerproduce proteinsintheirsalivathat bind to toxins called tannins
= Proboscis monkeys have gut bacteriathat canneutralise certain toxins found in
leaves
= Mammals mayuse 'cautious sampling' when theyfirst encounteranew plant, meaning
that anytoxic chemicals willnotbe consumed inlarge enough quantities to be
dangerous
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CCBY-SA 3.0, via Wikimedia Commons Public domain, via pxfuel

Aphids (left) feed by inserting their stylets into the phloem of plant stems, while caterpillars (right) cut

through leaves with their sharp mandibles

Plant adaptations against herbivory

= Herbivorycauses damage to plants,reducing theirleaf surface area available forphotosynthesis
and theirability to transport substances
= Plants are unable to move away from herbivores, so theyhave othermethods of deterring animals
that might attempt to eat them:
= Mechanicaldeterrents,e.g.

Cactihave sharp spines to deterherbivores that might attempt to eat theirsucculent
stems

Nettles have tiny hairs that contain toxins whichirritate the skin

Thickbark prevents insects such as aphids from piercing plant stems

Many tiny hairs onleaves maymake it more difficult forinsects to bite into/pierce plant
tissues

= Toxic secondary compounds, e.g.

Foxgloves produce atoxic compound known as digitalis which can affect the heartbeat
of humans and animals

Deadlynightshade canproduce atoxinknown as atropine which can cause muscle
paralysis by blocking the binding of neurotransmitters

Many plants produce chemicals called tannins which can deterherbivores by theirbitter
taste,as wellas having anegative impact onthe efficiencyof digestive processes
Alkaloid chemicals, such as caffeine and nicotine,candeterinsect herbivory, having
toxic effects ongrowthand onnerve impulse transmission
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CCBY-SA 3.0, via Wikimedia Commons CCBY-SA 2.0, viageograph

Nettles have tiny hairs (left) which contain skin irritant chemicals, and foxgloves (right) produce toxic
secondary compounds
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Adaptations of Predators & Prey

= Predators are animals that hunt and eat otheranimals, orthat consume the tissues ofrecently
dead animals
= Prey are animals that are hunted and consumed by predators
= The features of predators and preyare different, allowingthemto adapt to theirdifferentroles
= The adaptations of predators assistthemincatchingprey
= The adaptations of preyassisttheminavoiding predation
= The adaptations of predators and preycanbe either
= Chemical
= Chemicalcompounds that assistinthe catchingofpreyorthe avoidance of predation
= Physical
= Physicalfeatures,suchas speciallyadapted sense organs, that assistinthe catchingof
preyorthe avoidance of predation
= Behavioural
= Behaviours that aid the catchingof preyorthe avoidance of predation

Predator adaptations

Chemical adaptations of predators

= Some predators produce venomwhich can make preyeasierto subdue and catch, e.g.
= Snakes canproducevenoms thatactindifferentways to kill prey, e.g.
= Snakes suchas adders and rattlesnakes produce haemotoxic venoms that damage the
circulatorysystem, e.g.byinterferingwithblood clottihg
= Snakes suchas mambas and cobras produce neurotoxic venoms whichinterfere with
the passage of nerve impulses
= Scorpions canproduce neurotoxic venomwhichtheycanuse to subdue largerpreyanimals
= Spidervenomcancontainvarious types of toxins,whichtheymayalso use to subdue their
prey
= Some predators mayuse astrategy known as chemical mimicry to attract preyanimals, e.g.bolas
spiders release chemical pheromones normallyused by female moths to attract mates, enabling
themto catchmale moths as prey
= Astrategyknownas 'chemical crypsis',orscent camouflage, allows ambush predators to lie in
wait forpreywithout beingdetected, e.g.the preyof pirate perchfishseemto be unable to
detecttheirpresence;scientists think that this could be due to the productionofachemical
whichacts as camouflage

Physical adaptations of predators

= Predators have sense organs that help themto detectthe presence of prey,e.g.
= Birds of preyhave excellent visionthat allow themto detect small prey animal movement
fromadistance
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= Theeyesofpredators are oftenlocated inthe fronts of theirskulls, givinggood distance
perception

= Snakes have anorganintheroof of the mouthknownas the Jacobson's organthat allows
themto use theirtongues to detect chemicals that may be released by prey animals

= Batscandetectand processinformation generated by sound waves bouncing off prey
organisms, allowingthemto find preyusing echolocation

= Predators have body structures thatallow themto catchand kill preyeffectively, e.g.

= Cheetahs canrunathighspeeds as aresult of theirlonglimbs and flexible spines

= Swordfishcanswimat 60 mphdue to theirstreamlined body shape

= Mantis shrimps canmove theirmodified front limbs at 50 mph to catch theirprey

= Carnivorous mammals have large canine teethwhich allow themto catchand hold onto prey

Behavioural adaptations of predators

= Ambushpredatorslie in wait without moving forextended periods, e.g.
= Puff adders canremain motionless forweeks at a time while theywait forpreyto come near
= Mantis shrimps (also mentioned above) hide incracks betweenrocks before theyreachout
and grab preyat highspeeds
= Crocodiles canapproachtheirpreyfromunderwaterbefore burstingout of the waterat high
speed
= Packpredators cooperate witheachotherto increase theirchance of success,e.g.orcas,
wolves and lions
= Pursuit predators chase aftertheirprey, eitherusingaburst of speed,e.g.cheetahs,or
persistence huntingoverlongdistances, e.g.wolves and painted dogs

CCBY-SA 4.0, via Wikimedia CCBY-SA 3.0, via Wikimedia
Commons Commons

CCBY 2.0, via Wikimedia Commons

Predators may use chemical, physical, and behavioural adaptations to assist them as they hunt and
consume prey organisms. Adders (left) produce toxic venom, mantis shrimps (centre) have front limbs
specially adapted forspeed, and lions (right) co-operate with each other during pack hunting.

Prey adaptations

Chemical adaptations of prey
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= Some preyanimals produce toxins that deter predators by tastingbad, orbycausingharmwhen
consumed,e.g.

Poisondartfrogs produce toxins intheirskinthat cankill predators
Skunks canproduce chemicals that smellunpleasant to deterpredators
Tigermoths containchemicals that cause themto taste unpleasant to theirbat predators

= The scent camouflage mechanismdescribed above canalso be used bypreyanimals, e.g.

Puff adders (described above as ambush predators) are also preyforanimals such as
mongooses;theyproduce chemicals which prevent theirpredators fromdetecting them
while theylie inwait forprey

Harlequin filefish take onthe scent of the corals onwhichtheyfeed, meaning that predators
are unable to detect theirpresence

Physical adaptations of prey

= Aswithpredators, preyhave sense organs that are adapted to detect predators,e.g.preytend
to have eyes positioned onthe sides of theirskulls, givingawide field of vision
Preyanimals have body features which allow themto avoid ordeterpredators, e.g.

Preyanimals mayuse camouflage;someinsects have bodies that allow themto appearto be
aleaforastick

Mimicry allows preyanimals to look like predators;owlbutterflies have wing patterns that
resemble the eyes of owls, causing potential predators to avoid them

Astrategyknownas 'aposematism'involves the development of bright warning colours,
sending predators amessage about chemicaldefences, suchas the brightlycoloured skin
of poisondart frogs

Certaintypes of mimicryallow preyanimals to resemble species withchemicaldefences,
without needingto investinthe production of toxins, e.g. king snakes mimic the striping
colourand pattern of venomous coral snakes

Preyanimals mayuse mechanicaldefences, such as toughexoskeletonsininsects and
crustaceans,toughshellsinturtles,and spinesinporcupines and hedgehogs

Behavioural adaptations of prey

Preyanimals willsometimes have innate preferences fordark, sheltered places,e.g.insects
suchas woodlice that willmove around constantlyuntil theyencounteradark hiding place
Preywilloftenmove away whentheydetect the presence of predators, e.g.rabbits will runinto
theirburrows whentheysee birds with the wing shape of predators

Preymayavoid locations or times of day where predators are present,e.g.desertrodents may
spend the daytime inanunderground burrow and only emerge at night

Preyanimals willoftengroup togetherinlarge groups;this willreduce theirchance of being
caught, as well as potentiallyconfusing predators, e.g.

Shoals of fishand large groups of birds move togetherin ways that make individual animals
difficult to pickout
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= Some preyanimals will mob apredator, e.g.gulls maygrouptogetherto attackapredator
and drive it away

= Someindividuals maybe able to warnothersinagroup of the presence of apredator,e.g.by
using awarning call orbyrunning away

= Bluffing techniques mayallow preyanimals to convince predators that theyare not what they
seem,e.g.

= Opossums,some species of snake,and some species of shark maypretend to be dead;it
is thought that this behaviourcauses predators to loseinterest

= Frill-necked lizards mayuse theirlarge neck frillto pretend to be larger thanthey really are

CCBY-SA 3.0, via Wikimedia CCBY-SA 2.0, via Wikimedia CCBY-SA 2.0, via Wikimedia
Commons Commons Commons

Prey animals can use chemical, physical, orbehavioural defences against predation. Poison dart frogs
(left) produce toxins in their skin, owl butterfiies (centre) physically resemble a predator, and grass
snakes (right) can use apparent death behaviour.
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Plant Adaptations for Harvesting Light

= Plantsrelyonthe process of photosynthesis to produce carbon-compounds, and theirleaves
are welladapted to carryout this process
= Plants also have adaptations at the level of the whole organism that maximise their ability to
absorb light energy forphotosynthesis
= These whole organismadaptations canbe described as adaptations of 'form’
= Formadaptationsinaforestecosystemallow plants to compete effectively with otherplants
forlight

Trees

= Treesinaforestmake upthe uppermostlayerof plants,knownas the canopy
= Some trees maygrow above the main canopy;these trees are described as beingemergent
trees
= Some treesformalayerbeneaththe maincanopy, known as the understory
= The strategyof maximising height allows the tallest trees to gainthe most sunlight, as there are
no otherplants betweenthem and the sunlight
= Treescancarryout photosynthesis at ahighrate, providing themwith the molecules that they
need to grow quicklyand compete effectivelywith otherplants

Lianas

= lianas are woodyvines thatuse the trunks of trees as their mainsupporting structure to gain
height, allowing theirleaves to reach the forest canopywhere theycanabsorb light for
photosynthesis

= lianas germinate onthe forest floor, growing toward the base of tree trunks before growing
upwards

= Theroots oflianas areinthe soil, allowing them to gain their nutrients and moisture fromthe soil

= _lianascompete withtrees forlight,and fornutrients and moisture

Epiphytes

= Epiphytes use the height of trees to increase theirabsorption of sunlight by growing highup in
tree branches, but theydo notbegintheirlives onthe forestfloor,and often gaintheir nutrients
fromhighinthe canopy,e.g.
= Moss gains waterand nutrients fromrainwaterthat runs across the tree bark onwhichit grows
= Bromeliads collectrainwaterinamongst theirleaves
= Some species of orchid have aerialroots which absorb moisture directly from the air
= Epiphytes have the advantage of height for gaining light energy,butdo notneed to expend their
energyonupward growth

Strangler epiphytes
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= Some epiphytes growroots downward to the forest floor, allowingthemto gainnutrients and
waterfromthe soil, while still takingadvantage of height fromtrees to absorb sunlight
= Note thatthisis differentto lianas as stranglerepiphytes begin theirlivesinthe canopyand
notonthe forestfloor
= Anexampleis the stranglerfig,whichbegins its life inthe canopy, and is able to grow both
upwards and downwards to maximise its access to resources
= Stranglerfigs cankill theirtree hosts bytakingall of theirresources

Shade tolerant shrubs & herbaceous plants

= Shade tolerant plants growonthe forestfloor,and are adapted to absorb the limited range of
light wavelengths thatreach the ground through the leaves of the canopyand understory
= Shade tolerant plants maycontaindifferent photosynthetic pigments, allowingthemto
absorbdifferent wavelengths of light
= Plants that grow onthe ground often have especiallylarge leaves, maximising the surface area
available forlight absorption
= Flowers produced bythese ground-living plants are oftenverybrightly coloured orstrongly
scented to attract pollinatorsinlow light levels
= Note thatthe terms 'shrub'and 'herbaceous plant'refers to the structure of the plant tissues
= Shrubs are nottalllike trees, buttheydo have woody stems
= Herbaceousplants,or'herbs’ lackthe woody stems of shrubs and trees,and relyonsoft
tissues with turgid cells forsupport

CCBY-SA 2.0, via Wikimedia Commons Public domain, via pixabay
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Trees (top left) use height to maximise theirlight absorption, epiphytes (top right) grow in the branches

of tall trees to gain light, strangler epiphytes (bottom left) grow in the branches of trees but grow their

roots downinto the soil to allow absormption of light and nutrients, and shade-tolerant herbs have large
leaves to maximise surface area forlight absormption
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CompetitionBetween Species

Fundamental & Realised Niches
Niche

= Theniche ofaspecies canbe defined as follows:
Therole of aspecies withinits habitat

= Aspecies'role takesinto account
= The bioticinteractions of the species, e.g.the organisms it feeds onand the organisms that
feed onit
= The abiotic interactions,e.g.how much oxygenand carbondioxide the species exchanges
with the atmosphere

Fundamental vs realised niche

= The fundamentalniche of aspeciesis:
The fullrange of conditions and resources inwhichaspecies could survive and reproduce,based
onits adaptations and tolerance limits

= Therealised nicheis:
The actual conditions and resources inwhichaspecies exists,due to biotic interactions

= Anexample of afundamentalniche compared to arealised niche canbe seeninthe case of the
barnacle species Chthamalus dalli

= |ts fundamental nicheincludes awide range of rockyintertidal areas in the Pacific Northwest,
whereitcanattachto avarietyof substrates and tolerate awide range of temperature and
salinityconditions

= However,inreality, the realised niche of this speciesis much smallerdue to competitionwith
otherbarnacle species,suchas Balanus glandula,forspace and resources

= As aresultthe actualrange of Chthamalus dalliis restricted to areas where Balanus glandulais
absentorscarce,suchas higheruponthe shore,whereitis exposed to airforlongerperiods
of time and canavoid competitionwith Balanus glandulaforspace and resources

= Therefore,therealised niche of Chthamalus dalliais smallerthanits fundamental niche due to
the biotic interactions withotherspecies

Fundamental niche vsrealised niche table

Fundamental Niche Realised Niche
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The niche aspecies would occupyif there were
no limiting factors inthe environment or
resources the species could use

The niche that aspecies actuallyoccupies,inthe
presence of competitorspecies

The potentialdistributionofaspecies

The actual distributionof aspecies

No competitionforresources,no predation

Competitionforresources and predationoccurs

Largeinsize

Smallinsize

E.g.forChthalamus:

E.g.forChthalamus:
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Competitive Exclusion

Aniche canonlybe occupied byone species, meaningthat everyindividual species has its own
unique niche
If two species tryto occupythe same niche, theywillcompete witheachother forthe same
resources
The eventual result of this competition will be that:
= One of the species willbe more successfuland out-compete the otheruntil the second
speciesis either:
= Forcedto occupyanew,slightly different niche
= Madelocally extinct
= Bothspeciesareforcedinto asmaller part of their fundamentalniches
The eliminationof acompeting species fromits niche is known as competitive exclusion

A possible consequence of different species of warbler competing forthe same resources is that the

most successful competitor will exclude other species from their niche, pushing them into slightly
different niches, e.g. the location in which they feed may change

Competitive exclusion example
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= Aclassic example of competitive exclusionis betweentwo species of single-celled free-living
protozoans
= Paramecium aurelia
= Paramecium caudatum
= Wheneachspeciesis grownseparately fromeachotherbothspecies will thrive
= Whenthe two species are growninthe same habitat theycompete forresources and eventually
P. aureliaoutcompetes P.caudatumforthese resources,whichleads to P. caudatum's
elimination
= |tisworthnotingthat this example involves both species beinggrownunderlaboratory
conditions;itis rare innature that two species willoccupyexactlythe same niche

Page 25 of 25
For more help visit our website www.exampaperspractice.co.uk



