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Habitats

Habitats

= Ahabitatcanbe defined as follows
The place where anorganismlives

= Anyone habitat willcontain many species whichtogetherformacommunity
= Habitats canbe describedinterms of
= Geographicallocation,e.g.polarhabitatis located at the Northand South Poles
= Typeofecosystem,e.g.grassland habitat occursinmanylocations,including prairies in
North America and Savannahs in Africa

CCBY-SA 2.5, via Wikimedia Commons

CCBY-SA 2.0, via Wikimedia Commons

Habitats can be described in term of location and ecosystem type, e.g. North American grassland (top
left), Arctic polar habitat (top right), Sahara desert (bottom left) and UK wetland (bottom right)
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Abiotic Factors & Species Distribution

Adaptations to Abiotic Factors

Abiotic factors

= Abiotic factors are non-living factors that affect organisms within theirhabitat e.g.
= lightintensityand wavelength
= Temperature
= Turbidity,orcloudiness,of water
= Humidity
= SoilorwaterpH
= Soilorwatersalinity
= Soilcomposition
= Oxygenorcarbondioxide concentration

Adaptions to abiotic factors: sand dune grass species

= Marramgrassis commonlyfound onsand dunes, a habitat where abiotic factorsinclude:
= Low wateravailability
= Highsalinity
= Lownutrientlevels
= Marramis anexample of axerophyte,agroup of plants that are adapted to survive indry
conditions;xerophytes need to dealwith the following challenges
= Dryairmeans thatthereis asteep concentrationgradient betweentheinside of leaves and
the surrounding air; this means that water evaporates quickly from the surface of cells in the
leaf andis lostto the surrounding environment
= Soilwateravailabilityis low, meaningthat anywaterlost by evaporationmay not be easily
replaced
= Some marram grass leaf adaptations raise the humidity of the airsurrounding the leaf,reducing
the steep concentrationgradient and so reducingwaterloss byevaporation
= Leavesarerolled uptoreduce the exposure of surfaces to the wind;this traps watervapour
inside therolled leaf
= The stomataare sunkeninpits to trap watervapour
= Theinnersurface of the leafis covered intiny hairs which trap watervapour
= Marramgrass leaves also have athick waxy cuticle ontheiroutersurface to reduce evaporation

Marramgrassadaptationdiagram
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Marram grass is an example of a xerophyte, and has adaptations that reduce waterloss by evaporation

Adaptions to abiotic factors: mangrove tree species

Mangrove swamps are tropical,coastal habitats that are frequently submerged inseawater, so
abiotic factorsinclude:
= Highsalinity
= |low freshwateravailability
= | ow oxygen availability (due to beingunderwater)
Mangrove trees grow with theirroots submerged inseawater,so theyface challenges suchas:
= Thecellsoftheroots thatare underwaterare unable to takeinoxygenforrespiration
= Thesurroundingsaltywatermeans that the availability of freshwateris low
= Thesurroundingseawaterhas ahighersolute concentrationthanthe contents of the
mangroverootcells,so thereis ariskof the mangroverootslosingwater fromits
submergedroots byosmosis
Mangroves are adapted to deal withlow oxygenlevels byhavingsome form of aerialroot
system;the parts of theroots that are above the watertake inoxygenforrespiration
= Red mangroves have proproots
= Theserootsalso provide stabilityinunstable soil
= Proproots are partiallyunderthe water,and these underwaternetworks of roots provide
crucial shelterformarine animals
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= Blackmangroves have structures known as pneumatophores that grow verticallyupwards
out of the water-logged soil
= Mangrove trees also have different methods of dealingwith low freshwaterand high salinity
levels
= Red mangroves have cells thatdo not allow the entry of salt into theirwater-transport
systems,allowingthe trees to take up freshwater
= These cells also prevent the outward movement of water, so prevent waterloss by
osmosis
= Blackmangroves take salt waterinto their cells and excrete excess salt through salt glands
intheirleaves

Mangrove adaptationsdiagram

Mangroves have adaptations that allow them to survive in environments with low oxygen levels and high
salinity
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Abiotic Factors & Species Distribution

= The abiotic,ornon-living,factors inthe environment caninfluence the distributionof species
= Abiotic factors affectlivingorganisms inavariety of ways:
Effect of abiotic factorstable

Abiotic factor Effect of factoronliving organisms

Lightintensity Lightis required by plants forphotosynthesis
Temperature affects therate of enzyme-controlled
Temperature .
reactions
Wateravailability Wateris required by all living organisms for survival

Different plant species require different pHlevels

SoilpHand mineral content . )
and nutrient concentrations

Highwind speeds canincrease waterloss by

Wind speed .
evaporationfromthe leaves of plants

Carbondioxideis needed byplants for
photosynthesis

Carbondioxide concentration

Oxygenis needed byall organisms that carryout

Oxygenconcentration . o
aerobic respiration

Abiotic factors & species distribution

= Abiotic factorsinahabitat canact as limitingfactors forspecies distribution
= Species existwitharange of tolerance, meaningthat certainconditions are ideal, oroptimum,
but some amount of variationfromthese ideallevels canbe tolerated
= This range within which the environmental conditions are tolerable is known as the range of
tolerance
= E.g.mangrove trees grow bestinasalinityrange between 3-27 parts perthousand (ppt), but
theycansurvive infreshwater,and insalt concentrations of up to 75 ppt
= Specieswillnotbe foundinareas with abiotic conditions that are outside theirrange of
tolerance
= Species whichare adapted to live in extreme conditions mayhave an especially wide range of
tolerance, allowingthemto live inareas where otherspecies cannot survive
= Suchspecies willoften have an environmentaloptimumthat is higher orlower thanaverage,
e.g.marramgrass has aloweroptimum level forwateravailability than otherplant species
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= These extreme species willdo wellinthese extreme environments where competitionfrom
otherspeciesislow

= Suchextreme species maydo less wellinmore moderate environments due to competition
fromspecies withan average environmental optimum
= Species willhave arange of tolerance forall abiotic factors, and while some factors mayhave a

more significant effectthanothers, the abiotic factorsinteract to determine the distribution
of aspecies

Range of tolerance and population size graph

The cricket population shown here will be largest when they live within the optimum range for the abiotic
factorin question, e.g. wateravailability. If the abiotic factor goes below the critical minimum (e.g. not
enough water) orabove the critical maximum (e.g. too much water) then the crickets will not survive and
the population size will be zero

Page 6 of 26
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

Species Distribution: Skills

Species Distribution: Limiting Factors

Limiting factors and range of tolerance

= Thetermdistributionrefersto

Where aspeciesis found withinanecosystem

The distributionof aspeciesisinfluenced bylimiting factors, whichinthis context means
Any biotic orabiotic factorthat restricts the growthof organisms

Limiting factors will determine the range of tolerance, and therefore distribution,of aspecies,

e.g.if soilwaterlevels become severelylimiting, then a plant species will be outside its range of
tolerance and willno longerbe able to survive inanarea

Investigating the effect of limiting factors on species distribution

Itis possible to investigate the effect of alimiting abiotic factoronthe distributionof aspecies
usingtransect sampling

= Atransectis usedto measure the changeinspecies abundance along an environmental
gradient

= This gives anestimate of distributionat different levels of the abiotic factorin
question

E.g.ifinvestigatingthe effect of soil wateravailabilityonthe distribution of aplant
species,the transectwould be setup alongahighto low soilwatergradient, and plant
abundance would be measured at different soil waterlevels
= Samplingis atechnique thatinvolves takingmeasurements fromasmallareato represent
the measurements that might be gained across alarge area
= Sampling saves time;itis not possible to countall of the individual organisms in a habitat

= Samples mustbe representative of the whole;so alarge enoughsample size must be
taken

Transects

Transects arelines laid outacross asite that canbe used to measure abundance and distribution
across ahabitat
= Transects are usefulfordetermininghow species abundance and distributionmight

change along anenvironmental gradient e.g. at increasing distances from the water's edge
onarockyshore

= Tocarryoutatransect,atape measureis laid outalong the gradient of interest,and samples are
takenalongtheline

= There are different ways of carryingout transect studies:
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= Continuousline transect
= Every speciestouchingthe tape measureisrecorded
= Interruptedline transect
= Speciestouchingtheline at regularintervals, e.g.everymetre, are recorded
= Continuousbelt transect
= Quadrats are placed end-to-end alongthe line
= Interruptedbelt transect
= Quadrats are placed at regularintervals, e.g.everymetre,along the line

Interrupted line and belt transects can be used to measure the distribution of species at different levels of
an abiotic factoracross a habitat

Measuring abiotic factors

= Wheninvestigatingthe impact of anabiotic factoronspecies distributionitisimportantto
measure the relevant abiotic factorateachsample site alongthe transect
= |tisonlynecessarytorecord relevant abiotic factors
= Astudymayonlybeinterestedinone particularabiotic factor
= Some abiotic factors maynotberelevantincertain habitats, e.g. waterturbidity
(cloudiness)willnotbe relevantinawoodland habitat
= Abiotic factors canbe measured using specialised equipment and techniques

Measuring abiotic factorstable

Abiotic factor Method of measurement
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Airtemperature Thermometer

Rain gauge;afunnelcollects waterinameasuring

Rainfall .
cylinder
o Hydrometer;anelectronic device that measures
Humidity i
watervapourcontent of air
Dissolved oxygen Electronic oxygensensor

Aturbidity metermeasures light scattered by
particles inthe water,oraSecchidiscis lowered

Waterturbidity (cloudiness ) s -
v ) into the wateruntilitis no longervisible and the

depthrecorded
Lightintensity Electronic light meter
Landscape relief (height of land) ContourlinesonamaporaGPS
Site aspect(directionthat site
Compass

faces)

Clinometer;aspecialised protractorthat allows

Slopeincline . .
angle to be calculated using trigonometry

SoilorwaterpH Indicatorsolution

Difference inmass betweenasoilsample and the

Soilwatercontent ) ) )
same soil sample afterithas beendried

Representing results

= Theresults of aninvestigationinto the distribution of organisms inresponse to an environmental
gradient canbe represented visuallyusing a type of graphknown as a kite diagram
= Kite diagrams canshow bothdistributionand abundance
= Thedistributionofaspecies alongatransectcanbe shownbyits positionalongacentral
horizontalline ineachsectionof akite diagram
= Eachsectionrepresents adifferent species
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= Thedistance alongthe transect is givenonthe x-axis, to which the horizontalline is

parallel
= The abundance of aspecies canbe shownbythe widthof the 'kite' around the central
horizontalline

= The shapeisreferred to as akite becauseitextends anequaldistance oneachside of

the centralhorizontallline
= Additionalsections canbe added to akite diagramto show the changesinabiotic factors at
differentpoints alongatransect, e.g.the height above sealevelorthe pHofsoil

Q ExamTip

Youshould be able to designand carry out astudythatinvestigates the effect of aspecific
abiotic factoronthe distributionof aspecies

This canbe carried outina:

= Natural habitat
= Semi-natural habitat,i.e.anareathat has beeninfluenced by human activity but still contains
wild species
Youshould use sensors to measure abiotic factors
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Abiotic Factors: Marine & Terrestrial

CoralReef Formation

= Corals are theresult of asymbiotic relationship betweenan animalknown as acoral polyp,and a
zooxanthellae algae
= The polyp provides shelterand protection
= The algae carryout photosynthesis and produce carboncompounds suchas carbohydrates
= Some species of coral polyps secrete calciumcarbonate which builds upinlayers to formahard
outerstructure;overtime these deposits fromthousands of individuals canformacoralreef

CCBY 2.0, via Wikimedia Commons
Some coral species secrete layers of calcium carbonate that forms the hard structure of coral reefs

Distribution of coral reefs

= Thedistributionofreef-buildingcoralsis limited to the topics and subtropics
= Nonreef-buildingspecies canbe foundinotherregions
= Theformationofcoralreefsislimited byabiotic factors,including:
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= Waterdepth
= pH
= Salinity(salt concentration)
= Waterclarity
= Temperature
= Coralhas anarrowrange of tolerance forall of these abiotic factors, resultinginits limited
distribution

Coralreef distribution map

The distribution of reef building corals is limited by abiotic factors

Abiotic factorsaffecting coralreef formationtable

Abiotic factor Effect on reef formation
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Corals canonlygrow at shallow depths where light can penetrate
the waterathighenoughlevels forthe zooxanthellae to
photosynthesise.

pH

The hard outerlayersecreted bycoral polypsis made from
calciumcarbonate,whichdissolves whenthe pHistoo low.

Corals need carbonateions to build calcium carbonate. The H*
ions that are present atlowerpHlevels combine with carbonate
ions to formhydrogen carbonateions, reducing the availability of
carbonateions forreef-building.

Increased carbondioxide released fromthe burning of fossil
fuels dissolvesinthe oceans and lowers the pH pf the water,
reducing coral growth.

Salinity

Since corals are marine animals theyneed saltywater, withina 32—
42 % range, to survive.

Freshwaterrun-off fromland canreduce salt concentrations and
limit coral growth.

Waterclarity

Waterclaritymustbe good forlight to penetrate through the
water.

Sediment fromland run-off, and waterpollution,canreduce
waterclarityand limit coral growth.

Temperature

Corals have arange of tolerance of roughly20-28 °C, though
theygrow bestinwatertemperatures above 23 °C.

While they canwithstand short periods of highertemperatures,
rising seatemperatures causes the polyps to expel theiralgae
symbionts,leadingto coral bleaching.
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Terrestrial Biome Distribution

= Thetermbiome canbe defined as follows:
Alarge community of plants and animals that has occurred as aresult of environmentalfactors

= Biomesoccuroverlarge geographicalareas, and are usuallynamed after their dominant
vegetationtype,e.g.ageographical areadominated bytropicalrainforest will be a tropical
rainforest biome
= Examples of biomesinclude:
= Temperaterainforest
= Tropicalrainforest
= Temperate deciduous forest
= Boreal,orconiferous forest,sometimes known as taiga
= Grassland,e.g.temperate orsavanna
= Tundra
= Desert,e.g.hotdesertorcold desert
= Biome distributionis affected byabiotic factors in the environment

Biome distribution map
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The distribution of biomes is affected by abiotic factors

= Average temperatures and rainfall patterns are significant factors indetermining the
developmentofabiome

= Foranygivencombinationofthese two factors,aspecific biome willresult

Biome development canbe plotted onagraphknown as a climograph, with mean annual rainfall
and temperature onits axes
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Biome development graph

Forany given temperature and rainfall pattern, a particular biome will develop

The likely biome at any givenrainfall and temperature can be determined fromthe climograph,
e.g.
= Atameanaverage rainfallof 200 cmand mean average temperature of 25 °C, tropical
seasonalforestwilldevelop
= Atameanaverage rainfallof 300 cmand mean average temperatures of 15 °C, temperate
rainforest willdevelop
= Atameanaverage rainfallof 100 cmmand mean average temperatures of O °C, taiga,orboreal
forest,willdevelop
Bearthe following points about climographs in mind when drawing conclusions:
= Climographs shows adistinctboundarybetweenbiome types, but the realityis that there will
be agradual shift fromone biome type to another
= Rainfalland temperature are not the only factors that influence biome development;the
dottedlinesinthe graphabove show situations where othervariables, such as soil type and
animal grazing, may play animportantrole

= Because neitherrainfallortemperature canbe described as beinganindependent variable or
adependentyvariable,the allocationof temperature and rainfall to the graph axes may vary
= The graph above has rainfall on the x axis and temperature on the y axis, but this could just
as correctlybe plotted the otherwayaround
= The graph above has temperature plotted fromhighto low onthe yaxis, but this could be
plotted fromlow to high
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Be sure to read the axis labels and values carefully before drawingconclusions from
climographs.

Biomes

Biomes

Biomes

= Thetermbiome canbe defined as follows:
Alarge community of plants and animals that has developed as aresult of environmental factors

= Abiotic environmentalfactors, suchas rainfall and temperature patterns determine which biome
developsinaparticularlocation

= Regions of the world that experience similar abiotic factors will contain the same biome, e.g.
desertoccursinparts of Africa, Northand South America, and Australia

Biomesmap

Regions of the world that experience similar abiotic factors will contain the same biome
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Biomes containmanyecosystems
The ecosystems found inequivalent biomes in different parts of the world contain similar
communities, evenif the species are not exactlythe same
= E.g.theecosystemsinthe deserts of South America will contain similarcommunities to
thoseinthe deserts of Africa
These similarities exist due to shared abiotic factors and resultant convergent evolution
= Species face similarselectionpressures,so similarfeatures provide a survivaladvantage
= These advantageous features become more commoninthe populationdue to natural
selection
This means that these communities are similarnot because they have allevolved fromarecent
commonancestor,but because theyhave independently adapted to have similar features

= Speciesthatare adapted to survive inthe deserts of South Americawillnotbe close genetic
relatives of those found inthe deserts of Africa, though they mayhave similarmorphology

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

The cactiof the South American deserts (left) and the euphorbias of the African deserts (right) share
spines and succulent stems as adaptations to their desert biome environments, but the two plant groups
are not closely related
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Climate conditionsof major biomestable

Climate conditions Community features

Tropicalforest  |Annualrainfall2000-10 000 mm| Layers of vegetation,e.g.

. canopyand undercanopy
Temperatures consistently

between20-25°C

Nutrientpoorsoildue tolackof| Highlyproductive,i.e.high
seasonalleaf fall levels of photosynthesis

Veryhighlevels of biodiversity

Annualrainfall 750 -1500 mm ) )
Dominant deciduous trees

Seasonal,but no extremes
Temperate forest temperatures

Productive during part of the
year

Fertile soildue to leaf falleach
autumn

Annualrainfall 300 - 200 mm but
highsnow fall

Highlevels of biodiversity

Dominant coniferous
(evergreen)trees

Very short summergrowing

period Low productivity

Taiga(coniferforest)

Asmallnumberofwell-

Temperatures between -40 - 20 i
adapted species

°C

Annual rainfall 500-950 mm Dominant grasses

Notenoughwaterfor
significant tree growth;low

Dryand wetseasons

Grassland Temperatures between-20-30 productivity
°C (differs dependingon
region) Grazing animals and a small
numberoftop predators
Annualrainfall 150-250 mm Not enoughwater, light, or

warmthfortree growth;low

Dark winterperiods and frozen
productivity

Tundra solil

Hibernating ormigrating animal

Temperatures between-50-18
species

°C

Productivityverylow due to

Annualrainfallless than 250 mm
lack of water

Hotdesert Hot days (upto 49 °C)and cold
nights (downto 0 °C)

Asmallnumberofwell-
adapted species
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CCBY-SA 4.0, via Wikimedia Commons CCBY 2.0, via Wikimedia Commons

Public domain, via Pix4free CCBY-SA 3.0, via Wikimedia Commons

CCBY-SA 2.5, via Wikimedia Commons CCBY-SA 2.5, via Wikimedia Commons

Tropical forest (top left), temperate forest (top right), taiga (middle left), grassiand (middle right),
tundra (bottom left) and hot desert (bottom right) are all examples of biomes
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Adaptationsto biomes

Adaptations

= Adaptations are traits,orcharacteristics, thatincrease survival chances inaspecific
environment
= Adaptations come aboutbythe process of natural selection
= Species are adapted to the abiotic and biotic features of the biome inwhichtheylive, e.g.
= Specieslivinginhotdesert biomes have adaptations to hot,dryconditions
= Species livingintropic rainforests are adapted to deal withcompetitionand predation

Hot desert adaptations
Saguarocactus

= The saguaro cactus (Carnegia gigantea) is native to the hot deserts of North America,and is
adapted forsurvivalindry conditions

= |ts stemhas athick waxy cuticle to reduce waterloss byevaporation

= |thas spinesinstead of leaves;thisreduces the surface areafromwhichwatercanbe lost by
adaptation,and reduces grazing

= Cellsinthe stemcanexpand to take onand store water

= Adeeptaprootenablesaccesstowaterdeepunderthe ground,and shallow surface
roots allowfastabsorptionof anywaterfromrainfall
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CCBY-SA 3.0, via Wikimedia Commons

Kangaroo rat

= Kangaroo rats (Dipodomyssp.) are smallrodents found inthe hot deserts of North America
= Theyspend daylighthoursinunderground burrows, abehavioural adaptationthat allows themto
avoid the high daytime temperatures
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= Kangaroo rats are able to extract enoughwater to survive fromtheirdiet,and canproduce
highly concentrated urine,so can go without drinkingwaterforextended periods

CCBY-SA 2.0, via Wikimedia Commons

Tropicalrainforest adaptations

Kapok tree

= Kapoktrees (Ceibapentandra) form parts of the uppercanopyinthe tropicalrainforests of
Centraland South America

= Rapid growthallows Kapok trees to outcompete otherspecies by growing tall very quickly;
this height allows themto absorb enoughsunlight inadenselyforested habitat

= Widebuttressroots provide asturdybase to support the trees during theirrapid growth
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CCBY-SA 4.0, via Wikimedia Commons
Kapok trees have wide buttress roots to provide stability
Orchid mantis

= The orchid mantis (Hymenopus coronatus) is aninsect found inthe tropical rainforests of
southeastAsia

= The adult female mantis looks very similar to anorchid flower, enablingit to attractinsect
pollinators whichthenbecome its prey;this is an example of mimicry

= Scientists believe that orchid mantis are 'aggressive mimics', meaning that theyare more
attractive to insects than the surrounding orchid flowers

= The male orchid mantis is much smallerand plainerin appearance, allowingit to camouflage in

amongstthe stems and branches of plants
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CCBY-SA 3.0, via Wikimedia Commons

The orchid mantis is camouflaged on the surface of the orchid
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