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4.1.1 Species & Population

Species

A species can be de�ned as:

A gro up o f  o rganisms that can interbreed to  pro duce f ertile o �spring

The ability to  breed and pro duce fertile o �spring is a useful metho d o f distinguishing species fo r

o rganisms that repro duce sexually but can be di�cult to  apply in so me situatio ns

Organisms that repro duce by asexual repro ductio n, such as bacteria, canno t be classi�ed

using this metho d

On rare o ccasio ns, animals o f  di�erent species breed to gether and pro duce f ertile

o �spring, such as the so -called 'who lphin'; the fertile o �spring fro m a cro ss between a

melo n-headed whale and a co mmo n bo ttleno se do lphin

Acco rding to  the species rule abo ve the who lphin wo uld be a new species, but while

scientists do  believe that hybridisatio n can lead to  new species it needs to  be a frequent

event fo r this to  o ccur, and who lphins are rare

No te that the melo n-headed whale is actually a species o f do lphin, so  the name

'who lphin' is a bit inaccurate!

The imperfect nature o f this metho d o f classifying species means that o ther characteristics are

o ften used at the same time

Organisms o f the same species share similar mo rpho lo gy

DNA sequences  can be co mpared, with a certain level o f similarity indicating that o rganisms

are the same species

Populations

A po pulatio n can be de�ned as:

A gro up o f  o rganisms o f  the same species living in an area at o ne time

A po pulatio n can be iso lated fro m o ther po pulatio ns o f the same species due to  living in a

di�erent area

This iso latio n means that members o f the separate po pulatio ns canno t breed to gether and

gene exchange o r gene �o w canno t take place between them

As lo ng as these iso lated po pulatio ns co uld, in theo ry, interbreed to  pro duce fertile o �spring,

they are the same species

If the enviro nmental co nditio ns a�ecting each po pulatio n are di�erent, then natural selectio n

co uld act di�erently  o n each po pulatio n and eventually lead to  speciatio n

Genetic drift can also  lead to  speciatio n

Once speciatio n has taken place, the two  species  can no  lo nger pro duce fertile o �spring; they

are repro ductively iso lated
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Reproductive isolation of two populations of trees can occur when the populations are separated for a

long period of time

Exam T ip

Make sure that yo u can state the de�nitio n fo r a species - o rganisms belo ng to  the same species

if they can interbreed to  pro duce f ertile  o �spring

Page 3 of 33
For more help visit our website www.exampaperspractice.co.uk



4.1.2 Methods of Nutrition

Autotroph vs Heterotroph

Organisms need energy in the f o rm o f  ATP to  survive

The energy sto red in ATP co mes fro m o ther o rganic mo lecules, such as carbo hydrates, and is

transferred during the pro cess o f respiratio n

The metho d by which an o rganism gains o rganic mo lecules to  fuel respiratio n is kno wn as its

mo de o f  nutritio n

There are two  main mo des o f nutritio n; auto tro phy and hetero tro phy

Aut ot rophs

An auto tro ph synthesises, o r pro duces, its o wn o rganic mo lecules  fro m simple ino rganic

substances in its enviro nment

Pho to synthetic o rganisms use light energy  to  co nvert carbo n dio xide f ro m the air into

o rganic mo lecules  such as carbo hydrates

So me auto tro phs use energy fro m the o xidatio n o f ino rganic co mpo unds instead o f light

energy

Auto tro phs that use light energy are kno wn as pho to auto tro phs, while tho se that use energy

fro m o xidatio n o f chemicals are kno wn as chemo auto tro phs

Because auto tro phs make their o wn o rganic mo lecules witho ut relying o n o ther o rganisms, they

are kno wn as pro ducers

Mo st green plants are auto tro phs, alo ng with algae such as seaweeds, and pho to synthetic

bacteria such as cyano bacteria

Het erot rophs

Hetero tro phic o rganisms  gain their o rganic mo lecules by ingesting the tissues o f o ther

o rganisms

There are several types o f hetero tro ph, including co nsumers, detritivo res, and sapro tro phs

Mixing  m odes of  nut rit ion

So me o rganisms are able to  make use o f mo re than o ne mo de o f  nutritio n, such as auto - and

hetero tro phy

These o rganisms are referred to  as mixo tro phs

Euglena is a single-celled eukaryo tic o rganism that makes use o f bo th auto tro phy and

hetero tro phy

Euglena cells can take in bacterial cells  by endo cyto sis, and then digest them using

digestive enz ymes sto red in lyso so mes
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Euglena cells also  co ntain a light-sensitive spo t  that enables them to  po sitio n themselves

so  that maximum light reaches their chlo ro plasts

Euglena is a single-celled eukaryote that makes use of autotrophic and heterotrophic nutrition
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Plant & Algal Nutrition

NOS: Looking f or pat t erns, t rends and discrepancies; plant s and algae are most ly
aut ot rophic but  some are not

The majo rity o f plants and algae are pho to synthetic, meaning that they are auto tro phs  that rely

o n energy fro m the sun to  co nvert carbo n dio xide in the air into  o rganic mo lecules in their tissues

Their pho to synthetic cells co ntain pigments which abso rb light energy

The main pigment in green plants is chlo ro phyll, which primarily abso rbs light at the red and

blue ends o f the visible spectrum, re�ecting green light

Green plants also  have caro teno id pigments, kno wn as accesso ry pigments, which extend

the range o f light wavelengths that can be abso rbed; these pigments appear to  be red,

yello w, o r purple and remain in mature leaves after chlo ro phyll degrades

Bro wn algae, such as the seaweed kelp, co ntain a bro wn pigment called fuco xanthin

Red algae and green algae have pigments called phyco bilins

There are so me unusual exceptio ns to  the auto tro phic mo de o f nutritio n used by mo st plants

and algae

So me plants parasitise the ro o ts o f  o ther plants, tapping into  the ro o ts o f these plants to

gain their o rganic mo lecules

E.g. gro undco ne plants lo o k like upright pine co nes sitting o n the gro und, but are in fact

parasitic plants, having no  pho to synthetic pigments o f their o wn, and gaining their

o rganic mo lecules fro m the ro o ts o f surro unding trees

So me plants parasitise f ungi, a feeding mo de kno wn as myco hetero tro phy, gaining their

o rganic mo lecules fro m the netwo rk o f fungal cells in the so il

The rare plant Epipogium aphyllum, also  kno wn as the gho st o rchid, has no  leaves and no

chlo ro phyll, gaining its o rganic mo lecules fro m the fungi that fo rm asso ciatio ns with tree

ro o ts

When exceptio ns to  accepted trends are o bserved in the natural wo rld, it can so metimes mean

that established mo des o f thinking are inco rrect, so  it is impo rtant to  co nsider discrepancies

carefully

In the case o f no n-pho to synthetic plants and algae:

They are rare

They appear to  have evo lved o n multiple o ccasio ns fro m auto tro phic ancesto rs

There is no t eno ugh evidence to  dispro ve the mo de o f thinking that says that plants and

algae are auto tro phs, but we can say that there are a few exceptio ns to  this rule
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Types of Heterotrophic Nutrition

There are several ways in which hetero tro phs gain o rganic mo lecules fro m o ther o rganisms

Consumers

Co nsumers  gain their o rganic mo lecules by ingesting the tissues o f  o ther living o rganisms o r

recently dead o rganisms

The co nsumers that eat plants are kno wn as herbivo res, and the co nsumers that eat o ther

animals are kno wn as carnivo res

Det rit ivores

Detritivo res  gain o rganic mo lecules by ingesting the tissues o f  dead o rganisms o r ingesting

animal waste

Detritivo res carry o ut internal digestio n, meaning that they digest their fo o d inside  their bo dies

Examples o f detritivo res include earthwo rms, wo o dlice  and dung beetles

Saprot rophs

Sapro tro phs also  ingest the tissues o f dead o rganisms and waste material, but they secrete

enz ymes  o nto  their fo o d, and digest it  externally

The pro ducts  o f this external digestio n are then abso rbed

Examples o f sapro tro phs include f ungi and bacteria

Sapro tro phs secrete a wide range o f digestive enz ymes that allo w them to  hydro lyse (break

do wn) a large variety o f bio lo gical mo lecules, releasing a large range o f pro ducts as a result

Examples o f these pro ducts include mineral io ns, such as ammo nium io ns  and pho sphate

io ns

Impo rtantly, no t all o f the pro ducts o f external digestio n get abso rbed by sapro tro phs

Instead, so me o f the pro ducts remain in the surro unding so il and beco me available to  o ther

o rganisms  such as plants

This is why sapro tro phs are such an essential co mpo nent  o f eco systems and fo o d webs

Witho ut them, the nutrients  lo cked up  in dead and waste matter wo uld never be made

available again and pro ducers  such as plants  wo uld no t have access to  su�cient nutrients

4.1.3 Community

Community

Species do  no t exist by themselves in their o wn iso lated enviro nment; they interact  with o ther

species, fo rming co mmunities

A co mmunity can be de�ned as:

Multiple po pulatio ns o f  di�erent species living and interacting in the same area

Fo r example, a garden po nd co mmunity  is made up o f po pulatio ns o f �sh, fro gs, newts, po nd

snails, damsel�ies and drago n�ies and their larvae, po ndweed, water lilies, and all o ther

po pulatio ns living in the po nd
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Ecosystems

Co mmunities interact with the no n-living co mpo nents  o f the enviro nment they live in, fo rming

eco systems

An eco system can be de�ned as:

A co mmunity and its interactio ns with the no n-living parts o f  its enviro nment

Eco systems are mo stly self -co ntained

There is a �o w o f  energy within an eco system and the nutrients  within it are recycled  (e.g. the

carbo n, nitro gen and pho spho rus cycles)

There are bo th bio tic co mpo nents and abio tic co mpo nents within an eco system

Eco systems vary greatly in siz e and scale

Bo th a small po nd in a back garden and the o pen o cean co uld be described as eco systems

A human being co uld also  be described as an eco system (there are tho usands o f species o f

bacteria living o n and in every perso n)

Eco systems vary in co mplexity:

A desert is a relatively simple eco system

A tro pical rainfo rest is a very co mplex eco system

No  eco system is co mpletely self -co ntained, as o rganisms fro m o ne eco system are o ften

linked with ano ther eco system so meho w

Fo r example, many birds species are able to  migrate lo ng distances to  �nd fo o d so urces o r

breeding lo catio ns fro m multiple eco systems

Exam ple of  an ecosyst em

A fo rest is an example o f a co mplex eco system

There is a large co mmunity o f o rganisms including trees, birds, small and large mammals, insects

and fungi

The abio tic co mpo nents  o f the eco system include the so il type, dead leaves, water fro m the

rain and streams, the ro cks, and any o ther physical o r chemical facto rs

The abio tic co mpo nents o f the eco system in�uence  the co mmunity  o f o rganisms (e.g. by

pro viding habitat , nutrients  and o ther reso urces o rganisms need in o rder to  survive and

repro duce)
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Levels of organisation in an ecosystem
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4.1.4 Nutrient Cycling

Obtaining Inorganic Nutrients

The individual o rganisms in an eco system need o rganic mo lecules to  build their cells and tissues

These mo lecules co ntain carbo n, hydro gen, o xygen, nitro gen, and pho spho rus, as well as

o ther elements

Because these elements are present in the abio tic enviro nment  (such as the air and so il) in the

fo rm o f ino rganic co mpo unds o r nutrients, eco systems depend o n pro ducers  to  transfer them

into  the fo o d chain

Pro ducers are auto tro phs, pro ducing o rganic mo lecules fro m ino rganic carbo n via

pho to synthesis 

In terrestrial (land-based) eco systems, plants use CO  fro m the air

In aquatic  (water-based) eco systems, plants use CO  disso lved in the water

Plants are also  able to  abso rb ino rganic nutrients such as nitrates and pho sphates  fro m the

so il, inco rpo rating them into  o rganic mo lecules in their tissues as they gro w

The o rganic mo lecules in the tissues o f pro ducers can then be accessed by o ther o rganisms

within the co mmunity via fo o d chains

Primary co nsumers  feed o n pro ducers, digesting their tissues and abso rbing the o rganic

mo lecules via their digestive system

Seco ndary co nsumers feed o n primary co nsumers, and so  o n

2

2

The inorganic nutrients originally obtained by the producer from the abiotic environment are transferred

to other organisms in the community via food chains
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Nutrient Cycling

When ino rganic nutrients enter the fo o d chain, they are co nverted into  o rganic mo lecules and are

lo cked up inside the tissues o f  living plants and animals

Because the supply o f  ino rganic nutrients is �nite, it is essential that when these o rganisms die

the nutrients lo cked up in their tissues are released

The o rganic mo lecules need to  be co nverted back into  ino rganic nutrients that can be used

by pro ducers

The pro cess o f breaking do wn the bo dies o f dead o rganisms  and the waste pro ducts  o f living

o rganisms is kno wn as deco mpo sitio n, and it enables the cycling o f  nutrients

Detritivo res  o ften begin the pro cess o f deco mpo sitio n by breaking apart tissues

Sapro tro phs  release enz ymes that break do wn the o rganic mo lecules in the tissues,

releasing ino rganic nutrients

While sapro tro phs abso rb so me o f these nutrients themselves, what is left in the so il

beco mes available fo r pro ducers

The cycling of nutrients in an ecosystem
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Exam T ip

Remember that while an eco system's supply o f ino rganic nutrients is �nite, the supply o f energy

fro m sunlight, although it may vary depending on weather conditions, is usually

continuous.The co ncept o f nutrient cycling discussed here is separate to  the co ncept o f

energy �o w co vered elsewhere; the two  ideas sho uld no t be co nfused with each o ther.

Sustainability of Ecosystems

In a functio ning eco system, the elements that living o rganisms need are co nstantly recycled

Pro ducers  access ino rganic nutrients  fro m the abio tic enviro nment and co nvert them into

o rganic mo lecules

Co nsumers  gain o rganic nutrients fro m ingesting the tissues  o f pro ducers and o ther

co nsumers

Detritivo res  and sapro tro phs break do wn the o rganic mo lecules  in dead tissues and

waste matter, making them available again to  pro ducers

Pro vided that the co nditio ns are right and this cycling pro cess co ntinues, eco systems can be

sustainable o ver lo ng perio ds o f  time

If nutrient cycling sto ps then an eco system can o nly be pro ductive until the �nite supply o f

ino rganic nutrients runs o ut

Witho ut the pro cess o f deco mpo sitio n, nutrients remain lo cked up  in dead tissues and

canno t re-enter the fo o d chain

Nutrient cycling might sto p if enviro nmental co nditio ns beco me unsuitable f o r deco mpo sitio n

Climate change  might cause an eco system to  beco me to o  dry fo r sapro tro phs to  survive

Harvesting o r def o restatio n remo ves o rganic matter fro m the enviro nment and leaves

no thing fo r sapro tro phs to  digest, meaning that the nutrients co ntained within this o rganic

matter are no t recycled back into  the eco system and are instead co mpletely remo ved fro m

the eco system
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4.1.5 Energy Flow

Initial Source of Energy

T he sun is the initial (�rst) so urce o f  energy f o r mo st f o o d chains

Light energy fro m the sun is co nverted by pro ducers into  chemical energy  sto red in the

tissues o f plants during the pro cess o f pho to synthesis

Chemical energy sto red in the tissues o f plants passes to  primary co nsumers  when they

ingest plants, and o n to  seco ndary co nsumers  when the primary co nsumers are themselves

ingested

There are a few unusual exceptio ns, such as fo o d chains lo cated in deep sea vo lcanic vents that

rely o n bacteria gaining energy fro m chemical pro cesses; these are chemo auto tro phic bacteria

Light Energy Conversion

Pho to synthesis is the pro cess o f co nverting light energy into  chemical energy

The pho to synthetic pigment chlo ro phyll abso rbs light energy  when sunlight lands o n

pho to synthesising parts o f a plant

This light energy is used to  po wer several pro cesses which result in the pro ductio n o f  o rganic

mo lecules, o r carbo n co mpo unds, including:

Gluco se, which is used in respiratio n o r sto red in plant cells in the fo rm o f starch

Lipids

Amino  acids

Hydro lysing these carbo n co mpo unds releases energy, so  they can be said to  co ntain sto red

chemical energy

These carbo n co mpo unds are used by the plant to  build plant tissues, meaning that the energy

sto red in them is sto red within the tissues o f  the plant
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Energy Flow Through Food Chains

Chemical energy, sto red in carbo n co mpo unds  in plant tissues, is passed to  the primary

co nsumer when the plant is  ingested

The primary co nsumer digests  the plant tissues and abso rbs  the carbo n co mpo unds

co ntaining sto red chemical energy

These carbo n co mpo unds can either be used to  fuel respiratio n o r to  build up animal tissue,

meaning that the sto red chemical energy is transf erred  to  the tissues o f the primary

co nsumer

When the primary co nsumer is ingested, the carbo n co mpo unds in its tissues, alo ng with their

sto red chemical energy, pass to  the seco ndary co nsumer, and so  o n up the fo o d chain

When an o rganism dies, the chemical energy sto red in carbo n co mpo unds in its tissues passes

to  detritivo res  and sapro tro phs

In a fo o d chain, the arro ws represent the transf er o f  energy, in the fo rm o f sto red chemical

energy in carbo n co mpo unds, fro m o ne tro phic level to  the next, by the pro cess o f f eeding

A simple food chain - the blue arrows show how the chemical energy originally stored by the producer is

transferred to other organisms in the food chain

Exam T ip

Do n't fo rget that the arro ws in a fo o d chain o r fo o d web represent the transfer o f chemical

energy fro m o ne tro phic level to  the next thro ugh feeding.

Page 14 of 33
For more help visit our website www.exampaperspractice.co.uk



Energy Lost by Respiration

The chemical energy sto red in ingested carbo n co mpo unds can be released by the pro cess o f

respiratio n

The carbo n co mpo und gluco se  is the fuel fo r respiratio n

Other carbo n co mpo unds such as lipids can be co nverted into  gluco se  befo re being

respired

The energy released during respiratio n can be used by o rganisms to  carry o ut the f unctio ns o f

lif e

Metabo lism - the enz yme-catalysed reactio ns taking place inside cells

Repro ductio n - the sexual o r asexual pro ductio n o f o �spring

Ho meo stasis - the maintenance o f internal co nditio ns within to lerable limits

Gro wth - increasing in siz e

No te that during gro wth so me o f the chemical energy in the carbo n

co mpo unds  ingested by an o rganism is inco rpo rated into  the tissues  o f the o rganism

as it gro ws; this sto red chemical energy can be passed to  the next tro phic level in the

fo o d chain

Respo nse - sensing and respo nding to  the enviro nment

Excretio n - dispo sal o f metabo lic waste

Nutritio n - gaining energy and nutrients

The pro cess o f respiratio n also  releases heat as a by-pro duct

Energy Conversions

The pro cess o f respiratio n in living o rganisms releases heat as a by-pro duct

This applies in pro ducers, co nsumers, detritivo res, and sapro tro phs

Living o rganisms canno t co nvert the heat energy that is released as a by-pro duct o f

respiratio n into  any o ther f o rm o f  energy

This means that heat energy is lo st  fro m fo o d chains at every tro phic level, as well as during

deco mpo sitio n

This  heat energy is ultimately lo st to  the enviro nment

Eco systems have eno ugh energy to  be sustainable because energy is always entering fo o d

chains via pro ducers as they capture light energy f ro m the sun

Exam T ip

Be careful with yo ur language when discussing energy. Yo u sho uld always describe energy as

being released, sto red, co nverted (fro m o ne fo rm to  ano ther), o r transferred (e.g. lo st to  the

enviro nment), never as being pro duced, made, o r destro yed.
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4.1.6 Energy Losses

Wasted Energy - Heat

The pro cess o f respiratio n in living o rganisms releases heat as a by-pro duct

This applies in pro ducers, co nsumers, detritivo res, and sapro tro phs

This heat energy is lo st f ro m eco systems to  the enviro nment  at every tro phic level, and during

deco mpo sitio n

Heat energy released during respiration is lost to the environment at every stage of the food chain
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Energy Losses between Trophic Levels

When a co nsumer ingests ano ther o rganism no t all the chemical energy in the co nsumer’s f o o d

is transf erred to  the co nsumer's tissues

Only aro und 10% o f the energy is available to  the co nsumer to  sto re in their tissues

This is because aro und 90% o f the energy is lo st to  the enviro nment

Aro und 90%  o f the energy is lo st to  the enviro nment because

No t every part o f  the f o o d o rganism is eaten, e.g. the ro o ts and wo o dy parts o f plants o r

the bo nes o f animals, meaning that the chemical energy these uneaten tissues co ntain is lo st

to  the enviro nment

Co nsumers are no t able to digest  all o f the fo o d they ingest, e.g. cellulo se in plants, o r the

fur o f animals, so  so me is egested  as f aeces; the chemical energy in this undigested fo o d is

also  lo st to  the enviro nment

Energy is lo st to  the enviro nment in the fo rm o f heat  when co nsumers respire

Energy is lo st to  the enviro nment when o rganisms excrete  the waste pro ducts o f

metabo lism e.g. urea in urine

The energy that is left after these lo sses is available to  the co nsumer to  fuel their lif e

f unctio ns, including being sto red in carbo n co mpo unds in their tissues during gro wth
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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: Use t heories t o explain nat ural phenomena; t he concept  of  energy �ow
explains t he limit ed lengt h of  f ood chains

Scientists can gather info rmatio n abo ut the wo rld by o bserving events, o r pheno mena, befo re

f o rmulating theo ries  that seek to  explain tho se events

In the case o f fo o d chains:

Scientists o bserve  that fo o d chains are sho rt and have a pyramid structure

T heo ries  o f energy �o w and energy lo sses can pro vide an explanatio n fo r these pheno mena

Fo o d chains are limited in length

Fo o d chains rarely have mo re than aro und fo ur o r �ve tro phic levels; this is because with

energy lo sses at each tro phic level, there is less and less energy available to  the co nsumer

as yo u go  up the fo o d chain

When a fo o d chain gets lo nger than fo ur o r �ve tro phic levels it beco mes to o  di�cult fo r a

predato r to  hunt eno ugh prey to  gain the energy to  survive

Bio mass  decreases with each tro phic level

Because o nly aro und 10%  o f the energy sto red in a pro ducer's tissues is available to  a primary

co nsumer, primary co nsumers needs to  co nsume a large amo unt o f  plant bio mass to  gain

eno ugh energy to  survive

Again, o nly aro und 10%  o f the energy sto red in a primary co nsumer's tissues is available to  a

seco ndary co nsumer, meaning that seco ndary co nsumers need to  co nsume a large

amo unt o f  prey bio mass to  gain eno ugh energy to  survive

This leads to  a large reductio n in bio mass at each tro phic level and means that when

represented in terms o f bio mass, fo o d chains have a pyramid  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.

Exam T ip

Make sure that yo u kno w the di�erent ways that energy can be lo st fro m a fo o d chain and that

yo u can explain the e�ects that these lo sses have o n fo o d chain structure.Be careful no t to  mix

up pyramids o f bio mass with pyramids o f energy.
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4.1.7 Skills: Species, Communities, Ecosystems & Energy Flow

Identi�cation of Trophic Level

Classif ying species as aut ot rophs, consumers, det rit ivores, or saprot rophs

A species can be classi�ed as an auto tro ph, co nsumer, detritivo re, o r sapro tro ph o n the basis o f

its mo de o f nutritio n

Aut ot rophs

An auto tro ph synthesises, o r pro duces, its o wn o rganic mo lecules fro m simple ino rganic

substances in its enviro nment

Pho to synthetic o rganisms  use light energy  to  co nvert carbo n dio xide f ro m the air into

o rganic mo lecules such as carbo hydrates

So me auto tro phs use energy fro m the o xidatio n o f ino rganic co mpo unds instead o f light

energy

Auto tro phs that use light energy are kno wn as pho to auto tro phs, while tho se that use energy

fro m o xidatio n o f chemicals are kno wn as chemo auto tro phs

Because auto tro phs make their o wn o rganic mo lecules witho ut relying o n o ther o rganisms, they

are kno wn as pro ducers

Mo st green plants  are auto tro phs, with few exceptio ns

So me unusual plants are parasitic, gaining their nutrients fro m the ro o ts o f ho st plants, o r via

netwo rks o f fungi in the so il

Het erot rophs

Hetero tro phic o rganisms  gain their o rganic mo lecules fro m o ther o rganisms

There are several types o f hetero tro ph, including co nsumers, detritivo res, and  sapro tro phs

Consumers

Co nsumers  gain their o rganic mo lecules by ingesting the tissues o f o ther living o r recently dead

o rganisms

The co nsumers that eat plants are kno wn as herbivo res, and are the primary co nsumers  in a fo o d

chain

The co nsumers that eat o ther animals are carnivo res, and tho se that eat the primary co nsumers

are seco ndary co nsumers

Carnivo res that eat seco ndary co nsumers are tertiary co nsumers

Det rit ivores
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Detritivo res  gain o rganic mo lecules by ingesting the tissues o f  dead o rganisms  o r ingesting

animal waste

Detritivo res digest their fo o d inside their bo dies

Examples o f detritivo res include earthwo rms, wo o dlice and dung beetles

Saprot rophs

Sapro tro phs  also  gain their o rganic mo lecules fro m dead matter, but they digest their f o o d

externally

Sapro tro phic o rganisms secrete enz ymes  o nto  dead matter, and these enz ymes break do wn

the f o o d bef o re nutrients are abso rbed

Sapro tro phs include fungi and bacteria

Classif ying Species as Auto tro phs, Co nsumers, Detritivo res, o r Sapro tro ph Table

Exam T ip

The two  main mo des o f nutritio n are auto tro phism and hetero tro phism, and within tho se mo des

are di�erent types e.g. a hetero tro ph can be a co nsumer, a detritivo re, o r a sapro tro ph

depending o n its fo o d so urce and its metho d o f digestio n
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Practical 5: Mesocosm - Sustainable Ecosystem

Reasons f or building mesocosms

A meso co sm is an experimental co ntainer in which a naturally o ccurring eco system is simulated

Meso co sms can be used to  study the respo nse o f  an eco system to  changes in speci�c

f acto rs  such as nutrient and light levels

Unlike a real eco system, it is po ssible in a meso co sm to  co ntro l all o f  the f acto rs o ther than the

variable being studied

Meso co sms can be set up in many di�erent ways fo r many purpo ses

Water tanks can be set up o n land to  study the e�ect o f sewage po llutio n o n po nds o r lakes

Underwater enclo sures can be built in co astal waters o r lakes to  study the e�ect o f

temperature change o r disso lved carbo n dio xide o n o cean eco systems

Trees can be planted in large greenho use-like buildings to  replicate a rainfo rest to

investigate the passage o f carbo n thro ugh this eco system

Meso co sm experiments can be co nsidered unrealistic  due to  their enclo sed nature and the

level o f co ntro l that can be achieved

Realism can be impro ved  by designing large meso co sms that share mo re o f the features o f

a real eco system e.g. enabling mixing o f layers o f water in a large o cean meso co sm

Building a mesocosm in t he lab

It is po ssible to  build small meso co sms in the labo rato ry

Facto rs to  co nsider:

The co ntainer sho uld be transparent  to  enable sunlight to  reach pro ducers  inside the

meso co sm

Auto tro phs  sho uld be included so  that light energy  can be co nverted into  chemical energy

inside the meso co sm

Small primary co nsumers such as z o o plankto n o r o ther small invertebrates co uld be

included, but it is impo rtant to  co nsider whether the meso co sm is likely to  be large eno ugh

to  suppo rt them

Do  no t include seco ndary co nsumers in a meso co sm because there will no t be eno ugh

energy in the fo o d chain to  sustain them fo r lo ng, and it co uld be co nsidered unethical to

allo w the primary co nsumers to  be eaten in this way

Meso co sms can be set up as o pen systems, i.e. witho ut a lid, but sealed systems are mo re

co ntro lled, and therefo re mo re useful fo r experimental purpo ses

Sealed systems prevent o rganisms and substances fro m entering o r leaving

In the lab, a meso co sm can be set up and then a kno wn f acto r can be altered  to  assess its e�ect

E.g. di�erent light  levels, di�erent temperatures  etc.
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In o rder to  assess the impact o f changing o ne facto r, a co ntro l meso co sm must be set up at the

same time

A co ntro l meso co sm will be exactly the same  as the experimental meso co sm, but the

altered variable will no t be changed

The purpo se o f this is to  demo nstrate that any change in the meso co sm is due to  the

altered f acto r and no t ano ther f acto r

Terrest rial mesocosm

Place drainage material such as gravel in the bo tto m o f a clear co ntainer

Add a layer o f charco al o n to p o f the drainage layer; this can help to  prevent the gro wth o f mo uld

Place a layer o f sphagnum mo ss o r �lter paper o n to p o f the charco al to  pro vide separatio n

between the base layers and the o rganic matter abo ve

Add a layer o f so il o r co mpo st abo ve the separatio n layer; this pro vides o rganic material and

micro -o rganisms  to  aid with nutrient cycling

Plant slo w-gro wing pro ducers  such as healthy mo sses and ferns in the gro wth medium

Water the gro wth medium befo re sealing the co ntainer with a lid

The meso co sm may need watering while it establishes, but avo id excessive watering; o nce

the meso co sm has stabilised, the plants sho uld release eno ugh water vapo ur during

respiratio n to  maintain mo isture levels

Place the co ntainer in a light lo catio n, and ensure that the temperature is stable

Aquat ic mesocosm

The base layer o f the meso co sm sho uld co nsist o f o rganic substrate  fro m the bo tto m o f a lake

o r po nd; this will pro vide naturally o ccurring nutrients and micro o rganisms

Add lake o r po nd water; this ensures that it co ntains the required micro sco pic o rganisms and

avo ids chemicals fro m tap water

Add healthy aquatic plants  to  pro duce carbo hydrates and o xygenate the water

Small aquatic o rganisms such as water �eas o r water snails can be added, but no t mo re

o rganisms than the siz e o f meso co sm can suppo rt

Place the co ntainer in a light lo catio n, and ensure that the temperature is stable

Building a terrestrial or aquatic mesocosm
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4.1.8 Skills: Chi-squared test & Statistical Signi�cance

Chi-squared Test for Association

Looking f or associat ions bet ween species

The distributio n o f species in a habitat is rarely rando m; it usually depends o n facto rs such as so il

type, water availability, and co mpetitio n

It is so metimes po ssible to  o bserve an asso ciatio n between the distributio ns o f di�erent

species within a habitat, e.g.

Species that are in a symbio tic relatio nship are likely to  be f o und next to  each o ther; we

wo uld say that there is a po sitive asso ciatio n between the distributio ns o f  these two

species

Species that are in direct co mpetitio n fo r the same reso urces will exclude each o ther fro m

their immediate surro undings, and so  are likely to  be f o und in di�erent parts o f  a habitat;

there might be a negative asso ciatio n between the distributio ns o f  these two  species

If species have no  interactio n with each o ther, then there will be no  asso ciatio n between their

distributio ns, and any that appears to  o ccur will be due to  chance

We wo uld say that such species have distributio ns that are independent  o f each o ther

Rando m sampling with quadrats, alo ng with a statistical test called the chi-squared test , can be

used to  test fo r an asso ciatio n between two  species

Using quadrat s t o st udy t he dist ribut ion of  species

A quadrat  is a square f rame  that is placed within the area to  be studied to  pro vide a sample

Quadrats are used to  study the distributio n o f sessile o rganisms

Quadrats can be di�erent siz es  depending o n the species being studied

A 1 m² quadrat can be used to  study small o rganisms such as herbaceo us plants in a

grassland o r limpets o n a ro cky sho re

A 400 m² quadrat can be used to  study large o rganisms such as trees (quadrats like this

will usually be marked o ut with string rather than a frame!)

Scientists can reco rd di�erent types o f  data fro m a quadrat depending o n the aim o f a

study and the species invo lved

Presence o r absence  o f a species

Species f requency; ho w many individuals are in the quadrat

Species abundance; measured o n a scale called the ACFOR scale o n which species are

reco rded as being abundant, co mmo n, frequent, o ccasio nal, rare, o r no ne

Percentage co ver; the percentage o f the quadrat co vered by a species
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Quadrats can be divided up into  smaller squares to  allo w percentage co ver to  be assessed

mo re easily

The use o f quadrats enables researchers to  o btain data that is a representative sample  fo r the

habitat being studied

Often an area being studied is very large and it is impractical to  reco rd data acro ss an entire

habitat, so  quadrats pro vide small samples  that represent  the who le habitat

Fo r a sample to  be representative, it needs to  be:

Large eno ugh; the larger and mo re diverse a habitat, the mo re quadrats need to  be used

Rando m; this avo ids bias e.g. when a student decides to  place their quadrats in a particular

place because it lo o ks mo re interesting

Rando mness can be achieved by dividing a habitat up into  grid squares  and then using a rando m

number generato r to  decide where to  place each quadrat

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

T he chi-squared t est

A statistical test called the chi-squared test  determines whether there is a signi�cant

di�erence  between the o bserved and expected results  in an experiment
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Its purpo se is to  assess whether any di�erence in these results is due to  chance, o r due to

an asso ciatio n between the variables being tested

A chi-squared test can be used to  analyse data fro m quadrat sampling to  determine whether o r

no t there is a statistically signi�cant asso ciatio n between the distributio ns o f two  species

To  the eye there may appear to  be an asso ciatio n between the two  species, but if it is no t

statistically signi�cant  then researchers can co nclude that species distributio ns are

independent o f each o ther, and any appearance o f asso ciatio n is due to  chance

If an asso ciatio n is statistically signi�cant  then it must be due to  an impo rtant f acto r, such

as a symbio tic relatio nship

A chi-squared test enables scientists to  test hypo theses

A hypo thesis  is a testable statement  abo ut the expected o utco me o f an experiment

There are two  types o f hypo thesis:

A null hypo thesis  states that there is no  signi�cant di�erence, o r asso ciatio n, between

data sets e.g. that there is no  asso ciatio n between the distributio ns o f two  species

An alternative hypo thesis  states that there is a signi�cant di�erence, o r asso ciatio n,

between data sets e.g. that there is an asso ciatio n (either po sitive o r negative) between

the distributio ns o f two  species

The result o f a chi-squared test enables scientists to  either accept  o r reject  a null hypo thesis

Using t he chi-squared t est  t o t est  f or associat ion

Step 1: Co nstruct a co ntingency table  fo r yo ur results

This allo ws the number o f quadrats that co ntain o ne, bo th, o r neither species to  be reco rded

Step 2: Calculate the ro w, co lumn, and o verall to tals fo r yo ur co ntingency table

Step 3: Calculate the expected  values (E) fo r yo ur table

The results reco rded in the co ntingency table are the o bserved values  (O); to  calculate the

chi-squared value we need to  calculate the expected values  fo r each data po int.

The expected values are what we wo uld expect to  see if  the null hypo thesis were co rrect

No te that this is the �rst step to wards calculating the chi-squared value, the equatio n fo r

which is:

Σ = sum o f          O = o bserved value          E = expected value

Step 4: Calculate the di�erence  between the o bserved and expected values

Subtract the expected values fro m the o bserved values (O - E); so me o f the resulting values

will be negative
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Step 5: Square each di�erence

This eliminates negative values

Step 6: Divide each squared di�erence by the expected value

Step 7: Add all o f the results fro m step 6 to gether

This gives the chi-squared value

Step 8: Calculate the degrees o f  f reedo m

Step 9: Establish a pro bability  level o r p-value

As bio lo gists, we wo rk with a pro bability level o f 0.05, o r 5%

This means that we can be 95%  certain that any signi�cant di�erence o r asso ciatio n is no t

due to  chance

So me studies require a higher level o f certainty than this e.g. medical researchers may use a

smaller p-value

Step 10: Use a critical values table  and the results o f steps 8−9 to  �nd the critical value

In o rder to  understand what the chi-squared value says abo ut the data, a table relating chi-

squared values to  pro bability is needed; this critical values table  displays the pro babilities

that the di�erences between expected and o bserved values are due to  chance

Step 11: Co mpare the chi-squared value with the critical value to  assess the signi�cance

Worked example

A researcher decided to  test fo r an asso ciatio n between the distributio n o f two  types o f

mo llusc o n a ro cky sho re; limpets and do g whelks. Their null hypo thesis  was that there was no

asso ciatio n between the distributio ns o f limpets and do g whelks.They carried o ut 50 rando mly

placed quadrat samples o n the ro cky sho re, reco rding either the presence o r the absence o f

bo th limpets and do g whelks in each quadrat.They o btained the fo llo wing results:

Quadrats co ntaining limpets o nly: 14

Quadrats co ntaining do g whelks o nly: 21

Quadrats co ntaining bo th limpets and do g whelks: 7

Quadrats co ntaining neither limpets no r do g whelks: 8

Use the chi-squared test to  determine whether o r no t there is a statistically signi�cant

asso ciatio n between the distributio ns o f limpets and do g whelks.

Step 1: Co nstruct a co ntingency table

Co ntingency Table 
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Step 2: Calculate the ro w, co lumn, and o verall to tals f o r yo ur co ntingency table

Co ntingency T able

Step 3: Calculate the expected values

The equatio n fo r wo rking o ut the expected values is:

E.g. to  calculate the expected value fo r the catego ry in which bo th do g whelks and limpets are

present:

Step 4 : Calculate the di�erence between the o bserved and expected values

O = 7

E = 11.76
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7 - 11.76 = -4.76

Step 5: Square each di�erence

-4.76² = 22.66

Step 6: Divide each squared di�erence by the expected value

22.66 ÷ 11.76 = 1.93

Repeat steps 3−6 fo r all o f the results in the co ntingency table

Chi-squared Wo rking Out Table

Step 7 : Add all o f  the results f ro m step 6 to gether to  o btain the chi-squared value

2.45 + 1.4 + 1.93 + 1.78 = 7.56 (this is the chi-squared value)

Step 8: Calculate the degrees o f  f reedo m

Degrees o f freedo m can be calculated using the fo llo wing equatio n:

Degrees o f freedo m = (number o f co lumns - 1) x (number o f ro ws - 1)

Co lumns and ro ws refer to  the o riginal co ntingency table.
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In this example, there are 2 co lumns and 2 ro ws in the co ntingency table

Degrees o f freedo m = (2 - 1) x (2 - 1)

= 1 x 1

= 1

Step 9: Determine the pro bability level

As bio lo gists, we wo rk at a pro bability o f  0.05, o r 5%

Step 10: Use a critical values table and the results o f  steps 8−9 to  �nd the critical value

Chi-squared Critical Values Table

With degrees o f  f reedo m as 1, and a pro bability level o f 0.05, the critical value  can be read fro m the

table as 3.84

Step 11: Co mpare the chi-squared value with the critical value to  assess signi�cance

The chi-squared value o f 7.56 is larger than the critical value o f 3.84
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This means that there is a signi�cant asso ciatio n between the two  species (see sectio n belo w o n

statistical signi�cance)

Exam T ip

When calculating a chi-squared value it is very helpful to  create a table like the o ne seen in the

wo rked example. This will help yo u with yo ur calculatio ns and make sure yo u do n’t get muddled

up!

Statistical Signi�cance

The chi-squared value, o nce calculated, can be co mpared to  a critical value; this allo ws

statistical signi�cance  to  be assessed

If the chi-squared value is  larger than the critical value, there is a statistically signi�cant

di�erence  between o bserved and expected values, o r a statistically signi�cant asso ciatio n

between two  sets o f results

In this case, the null hypo thesis can be rejected

If the chi-squared value is equal to  o r smaller than the critical value, there is no  statistically

signi�cant di�erence  between o bserved and expected values, o r no  statistically signi�cant

asso ciatio n between two  sets o f results

 In this case, the null hypo thesis can be accepted

To  determine the critical value bio lo gists generally use a probability level, or p-value, of

0.05, or 5%
This means that if a di�erence o r asso ciatio n is sho wn to  be statistically signi�cant at this

level, there is o nly a 5% pro bability (i.e. pro bability = 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 o f energy illustrate the amo unt o f  energy co ntained  within the bio mass o f o rganisms

at each tro phic level

The length o f each bo x, o r bar, represents the quantity o f energy present

Pyramids o f energy sho uld be drawn to  scale  so  that each bar is pro po rtio nal in siz e to  the

amo unt o f energy that it represents

In so me situatio ns, ho wever, a pyramid o f energy may be an appro ximate sketch where each

bar is a ro ugh representatio n o f the energy co ntained

These pyramids are always widest at the base  and decrease in siz e as they go  up

The base is wide due to  the large amo unt o f energy co ntained within the bio mass o f

pro ducers

Pyramids o f energy sho w a stepped decrease  in the energy co ntained at each level o f the fo o d

chain rather than appearing as pyramid with smo o th sides

The levels o f a pyramid o f energy sho uld be labelled pro ducer, �rst co nsumer, seco nd

co nsumer, and so  o n

The units used sho uld be the amo unt o f energy, per unit  area, per year e.g. kJ m year

As yo u mo ve up the pyramid to  higher tro phic levels, the quantity o f energy decreases as no t all

energy is transf erred  to  the bio mass o f the next tro phic level (ro ughly 10 %  o f the energy is

passed o n)

Energy is lo st at each tro phic level due to

Inco mplete co nsumptio n

Inco mplete digestio n

Lo ss o f heat energy to  the enviro nment during respiratio n

Excretio n o f the waste pro ducts o f metabo lism e.g. carbo n dio xide, water, and urea

As a result o f this, the bio mass at each tro phic level will also  decrease as energy availability

decreases

-2 -1
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The energy stored in the biomass of organisms can be represented by a pyramid of energy

Exam T ip

Remember that pyramids o f energy sho uld be drawn to  scale and the units used sho uld be the

amo unt o f energy, per unit area, per year e.g. kJ m year-2 -1
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