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Ecosystems as Open Systems

Ecosystems

An eco system can be de�ned as:

A gro up o f  o rganisms interacting with each o ther and with the no n-living parts o f  the enviro nment

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

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

Ecosyst em example

An o cean is an example o f a co mplex eco system

There is a large co mmunity o f o rganisms, including �sh, crustaceans, co rals, algae, plants and

micro o rganisms

The abio tic co mpo nents  o f the eco system include the salinity, pH, temperature, light intensity,

and mineral availability

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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Ecosystems include communities and their interactions with the abiotic environment

Ecosystems as open systems

Eco systems are o pen systems, meaning that bo th energy and matter can enter and exit  the

system

Energy  can enter and exit as fo llo ws: 
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Energy enters  in the f o rm o f  sunlight , and �o ws thro ugh an eco system in the fo rm o f sto red

chemical energy

Energy can also  enter an eco system sto red in the tissues o f  any o rganisms  that migrate into

the system

When energy is sto red in the mo lecules o f an o rganism and that individual leaves the

eco system, that sto red energy is remo ved

Matter can enter and exit as fo llo ws:

Matter enters an eco system when an o rganism arrives, in the fo rm o f all o f the mo lecules o f

its cells and tissues, e.g. when a bird migrates into  an eco system

Matter is remo ved when an o rganism leaves an eco system, e.g. dead plant matter co uld be

washed away by the waves o n a beach and carried to  a new eco system, o r trees are cut do wn

and the timber remo ved

It is wo rth no ting that mo st o f the o rganisms in an eco system remain inside the system

thro ugho ut their lives, and the matter and energy sto red in their tissues is recycled within the

eco system when an individual dies

While eco systems are o pen, they are co nsidered to  be largely self -co ntained

Open systems are di�erent to  clo sed systems

In a clo sed system:

Matter can o nly be recycled within the system and canno t enter o r leave

Energy can enter and leave

Earth is an example o f a clo sed system; energy enters and leaves but matter is recycled
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Sunlight as a Source of Energy

The sun is the initial so urce o f  energy fo r mo st fo 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 to  this, such as:

Fo o d chains lo cated in deep sea vo lcanic vents and undergro und caves  where no  light can

penetrate; these rely o n bacteria gaining energy f ro m chemical pro cesses

No te that so me caves may receive energy sto res fro m the earth's surface that o riginally

gained their energy fro m the sun, e.g. if water �o ws thro ugh the cave

NOS: Laws in science are generalised principles, formulated to describe
patterns observed in nature. Unlike theories, they do not o�er explanations,
but describe phenomena

Laws describe patterns that o ccur in nature; they are develo ped by scientists af ter carrying o ut

o bservatio n and they do  no t seek to  explain why so mething is happening

E.g. the �rst law o f thermo dynamics states that energy canno t be created o r destro yed

Theo ries go  further than this; they are explanatio ns o f  pheno mena o bserved in nature

E.g. a theo ry kno wn as 'systems theo ry' seeks to  explain o pen and clo sed systems

Bo th laws and theo ries can be used to  make predictio ns, e.g. abo ut the e�ect o f change o n a

system

Usef ul generalisat ions

The statement that 'the sun is the initial so urce o f energy fo r fo o d chains' is an example o f a

usef ul generalisatio n; this is because it is true fo r mo st fo o d chains, but there are examples o f

fo o d chains that do  no t directly rely o n the sun as a so urce o f energy
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Energy Flow in Ecosystems

Flow of Chemical Energy

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

Light energy is used by plants 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

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
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Constructing Food Chains & Food Webs

Food chains

Fo o d chains sho ws the f eeding relatio nships  between the o rganisms in an eco system

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

Fo o d chains also  sho w the transfer o f bio mass between tro phic levels

Food chain diagram

The arrows in a food chain represent the transfer of energy

Food webs

Fo o d webs sho w ho w several f o o d chains within an eco system are co nnected

In a real eco system, mo st species will have mo re than o ne f o o d so urce, and will beco me f o o d

f o r mo re than o ne co nsumer species

Food web diagram
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Food webs show the connections between food chains in an ecosystem

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 transf er o f  chemical

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

Obtaining Carbon Compounds in Ecosystems

Decomposers & Carbon Compounds

When ino rganic nutrients enter the fo o d chain, they are co nverted into  carbo n co mpo unds, e.g.

carbo hydrates and pro teins, 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 carbo n co mpo unds 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

Deco mpo sitio n allo ws the breakdo wn o f mo lecules in the bo dies o f  dead o rganisms, dead

parts o f  o rganisms, e.g. a fallen tree branch, and animal f aeces

The cycling o f nutrients is carried o ut by deco mpo sers, e.g. 

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

Sapro tro phs abso rb so me o f the nutrients themselves, and what is left in the so il beco mes

available fo r o ther o rganisms, e.g. pro ducers

Nut rient  cycling diagram
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Decomposers release carbon compounds from dead tissues and waste, making them available for

themselves and for other organisms
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Autotrophs & Carbon Compounds

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, e.g.

Pho to synthetic o rganisms use light energy  to  �x carbo n dio xide fro m the air into  o rganic

mo lecules  such as carbo hydrates; these are pho to auto tro phs

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

energy; o rganisms that use energy fro m o xidatio n o f chemicals in this way are kno wn as

chemo auto tro phs

The o rganic mo lecules pro duced can be built up into  a range o f macro mo lecules needed to

pro duce cells and tissues, e.g. pro teins and lipids

Chemical reactio ns that build larger mo lecules fro m smaller mo lecules are described as

anabo lic

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
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Photoautotrophs & Chemoautotrophs

The energy transferred to  ATP during ATP synthesis co mes fro m o xidatio n reactio ns

Oxidatio n reactio ns invo lve the lo ss o f  electro ns; yo u may be familiar with the acro nym OIL =

o xidatio n is lo ss

The do nated electro ns can be used in the pro ductio n o f ATP

Di�erent types o f auto tro ph harvest electro ns in di�erent ways:

Phot oaut ot rophs

Light energy  is used to  release electro ns:

Light energy splits water in the pro cess o f  pho to lysis, releasing electro ns, hydro gen io ns

and o xygen

Light energy excites electro ns in pho to synthetic pigments, causing them to  be released

The resulting electro ns and hydro gen io ns can be used in the pro ductio n o f ATP and reduced

co enz ymes

ATP and reduced co enz ymes are then invo lved in the pro ductio n o f  carbo n co mpo unds, such

as gluco se, during the light independent reactio ns o f pho to synthesis

Chemoaut ot rophs

Chemo auto tro phs o xidise ino rganic chemicals  in the enviro nment to  pro vide electro ns fo r ATP

pro ductio n

E.g. so me bacteria pro duce ATP by o xidising iro n

Iro n(II), o r Fe  is o xidised to  iro n(III), o r Fe

The do nated electro ns are used in the pro ductio n o f ATP

These chemo auto tro phs take the ro le o f pro ducers  in habitats where light energy is no t

available, e.g. in deep sea vents o r caves

2+ 3+
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CC BY 4.0, via Wikimedia Commons

Chemoautotrophs are the producers in ecosystems found around deep sea volcanic vents

Heterotrophs & Carbon Compounds

Het erot rophs

Hetero tro phic o rganisms gain their carbo n co mpo unds by ingesting the tissues  o f o ther

o rganisms

This may be thro ugh eating plants, killing and co nsuming o ther animals, co nsuming the bo dies

o f dead o rganisms, o r co nsuming bio lo gical waste

Hetero tro phs  ingest bio lo gical material fro m o ther o rganisms, breaking tissues do wn in the

pro cess o f  digestio n befo re building the mo lecules back up  into , e.g. new pro teins and nucleic

acids

No te that the pro cess o f digestio n can o ccur either inside o r o utside the bo dy o f the

hetero tro ph

The new carbo n co mpo unds can then be assimilated into  the bo dies  o f hetero tro phs, where

they beco me available to  the next tro phic level

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

Auto tro phs pro duce their o wn carbo n co mpo unds, and hetero tro phs gain carbo n co mpo unds

fro m o ther o rganisms

The chemical energy sto red in these 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

Respiratio n releases energy by the o xidatio n o f  carbo n co mpo unds

The energy released during respiratio n can be used by by auto tro phs and hetero tro phs 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

Exam T ip

Remember that cellular respiratio n o ccurs in bo th hetero tro phs and auto tro phs. The carbo n

co mpo unds that fuel respiratio n are supplied in di�erent ways, but respiratio n is co mmo n to

bo th gro ups o f o rganisms.
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Trophic Levels

Trophic Levels

Tro phic levels are the po sitio n o f  an o rganism in a f o o d chain, and indicate ho w many o rganisms

energy has passed thro ugh

Tro phic levels can be represented by numbers, beginning with pro ducers at the �rst tro phic

level, and pro gressing to  co nsumers at the seco nd  and third tro phic levels, etc.

Trophic levels t able

Tro phic level Name of trophic level Description of trophic level

1 Pro ducers
Organisms that pro duce their o wn carbo n

co mpo unds using, e.g. light energy

2 Primary co nsumers Herbivo res that feed o n plant tissue

3 Seco ndary co nsumers
Carnivo res that are predato rs o f primary

co nsumers

4 Tertiary co nsumers
Carnivo res that are predato rs o f

seco ndary co nsumers

5 Quaternary co nsumers
Carnivo res that are predato rs o f tertiary

co nsumers

Energy fro m sunlight enters the fo o d chain at the �rst tro phic level

Pro ducers  co nvert light energy into  chemical energy

This o ccurs during pho to synthesis

This chemical energy  is then transf erred  to  primary co nsumers  as they co nsume pro ducers

The chemical energy  is then transf erred  fro m o ne co nsumer to  the next as each o rganism is

ingested by o rganisms higher up the fo o d chain

Primary co nsumers transfer energy to  seco ndary co nsumers

Seco ndary co nsumers transfer energy to  tertiary co nsumers

Tertiary co nsumers transfer energy to  quaternary co nsumers

Apex predato rs  are at the very to p  o f the fo o d chain; these to p predato rs have no  predato rs

that prey o n them

The chemical energy sto red within apex predato rs can be passed o n to  deco mpo sers  when

apex predato rs die and are deco mpo sed
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Trophic levels are the levels at which organisms feed in a food chain, and indicate the number of

organisms through which energy has been transferred

Tro phic levels can also  be identi�ed within f o o d webs, which give a clearer representatio n o f the

co mplex f eeding relatio nships present in an eco system

No te that so me o rganisms have a varied diet , meaning that a species may be present at mo re

than o ne tro phic level in an eco system

Species may be at di�erent tro phic levels in di�erent f o o d chains within a fo o d web, e.g. in

the fo o d web belo w:

Sparro whawks are at the third, f o urth and �f th tro phic levels  in the fo o d chains:

Grass → mo use → sparro whawk

Tree → butter�y → ro bin → sparro whawk

Tree → aphid → beetle → ro bin → sparro whawk

Ro bins are at the third and f o urth tro phic levels  in the fo o d chains:

Tree → caterpillar → ro bin → sparo whawk

Tree → aphid → beetle → ro bin → sparro whawk
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Food webs also contain trophic levels. Note that it is possible for an organism to be at di�erent trophic

levels in di�erent food chains within a food web.
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Pyramids of Energy: Skills

Pyramids of Energy: Skills

Pyramids o f energy illustrate the 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 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

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  there being mo re 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 a pyramid with smo o th sides

The levels o f a pyramid o f energy sho uld be labelled pro ducer, primary co nsumer, seco ndary

co nsumer, and so  o n

The units used sho uld be the 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 energy available 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 at each tro phic level

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

Pyramid of  energy diagram

-2 -1

The energy stored in the biomass of organisms can be represented by a pyramid of energy
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Exam T ip

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

energy, per unit  area, per year e.g. kJ m year-2 -1

Energy Losses

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

No t all individual o rganisms are co nsumed; so me die witho ut being co nsumed, and their

bo dies deco mpo se

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

Energy losses diagram
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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.

T he role of decay organisms in energy loss

No te that while detritivo res and sapro tro phs are no t co nsidered to  be part o f  a f o o d chain,

they have a ro le to  play in the lo ss o f  energy f ro m f o o d chains:

They deco mpo se the parts o f o rganisms that are no t eaten, e.g. the bo nes and teeth o f dead

prey animals

They break do wn undigested waste material

They deco mpo se the bo dies o f any o rganisms that die and are no t co nsumed
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Heat Loss to the Environment

The transfer o f energy in fo o d chains is  no t 100 % e�cient

Heat is lo st to  the enviro nment during cellular respiratio n and when AT P is used  in o ther cellular

pro cesses

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

This heat energy is lo st to  the enviro nment  at every tro phic level, and during deco mpo sitio n

Heat lo ss o ccurs by the pro cess o f radiatio n

Energy lost  as heat  diagram

Heat energy released during respiration and other cellular processes is lost to the environment at every

stage of the food chain
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Number of Trophic Levels & Energy Loss

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, e.g. due to  f ewer individuals  being present, o r due

to  individuals being smaller

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 lo t 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 lo t 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

No te that while the bio mass decreases at each tro phic level o f a fo o d chain, the energy

sto red in that bio mass per unit o f mass do es no t change

Pyramid of  biomass diagram
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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  (abo ve) with pyramids o f  energy.
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Primary & Secondary Production

Primary Production

During pho to synthesis, auto tro phs can co nvert light energy  into  chemical energy  sto red in

bio lo gical mo lecules

Organisms that do  this are kno wn as pro ducers 

The accumulatio n o f carbo n co mpo unds in the bio mass o f auto tro phs is kno wn as primary

pro ductio n

Bio mass accumulates  when o rganisms  gro w and repro duce

Primary pro ductio n o ccurs mo re quickly in so me bio mes than in o thers

Bio mes that have mo re ho urs o f  sunlight , o ptimum temperatures  and higher levels o f

rainf all will allo w pho to synthesis to  o ccur at a higher rate, leading to  faster primary

pro ductio n

E.g. tro pical fo rest bio mes have high levels o f sunlight, rainfall, and ideal temperatures, so  primary

pro ductio n o ccurs very quickly
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Tropical forest biomes have very high rates of primary production due to the high rate at which

photosynthesis can occur

Measuring t he rat e of  primary product ion

The rate  at which pro ducers co nvert light energy into  chemical energy is expressed in units

o f bio mass, per unit  area (o r vo lume), per unit time, e.g.

Using area: g m  yr (bio mass, per square metre, per year)

Using vo lume: g m  yr (bio mass, per cubic metre, per year)

Vo lume wo uld be used when calculating rate o f pro ductio n in aquatic habitats

–2 -1

–3 -1
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Secondary Production

Organisms that gain carbo n co mpo unds by ingesting o ther o rganisms  are kno wn as

hetero tro phs

When hetero tro phs ingest o ther o rganisms, the chemical energy  in the bio mass  o f these

o rganisms is transf erred  to  the hetero tro phs and sto red in their o wn bio mass

This pro cess by which bio mass is sto red in the tissues o f  hetero tro phs  is kno wn as seco ndary

pro ductio n

Ho wever, no t all the energy sto red in the carbo n co mpo unds co nsumed by hetero tro phs is

transferred to  new bio mass

Carbo n is lo st in the fo rm o f carbo n dio xide as a waste pro duct o f respiratio n

Energy is lo st during the excretio n o f o ther metabo lic waste, such as water and urea

Due to  the subtractio n o f respirato ry lo sses, the rate o f  seco ndary pro ductio n is always lo wer

than the rate o f  primary pro ductio n in an eco system

The rate o f seco ndary pro ductio n is therefo re calculated by subtracting respirato ry lo sses

fro m the sto red energy ingested by a hetero tro ph

Exam T ip

The termino lo gy here can be co nfusing, so  be sure that yo u are happy with the fo llo wing main

ideas:

Primary pro ductio n is the accumulatio n o f bio mass in auto tro phs while seco ndary

pro ductio n is the accumulatio n o f bio mass in hetero tro phs

The rate o f pro ductio n, i.e. ho w quickly o r slo wly pro ductio n is taking place, is usually

measured in g m  yr

Seco ndary pro ductio n is lo wer than primary pro ductio n due to  energy lo sses  at each

tro phic level

-2 -1

The Carbon Cycle

Carbon Cycle Diagrams

The many pro cesses by which carbo n is transferred fro m o ne sto re to  ano ther are co llectively

kno wn as the carbo n cycle

During the carbo n cycle, carbo n is present in bo th o rganic  and ino rganic  fo rms

Organic carbo n is fo und in the bio mass o f living o rganisms, e.g. in carbo hydrates  and

pro teins

Ino rganic carbo n is fo und in the atmo sphere  as carbo n dio xide  and in the o ceans  as, e.g.

hydro gen carbo nate io ns

The carbo n cycle can be represented using a diagram

Carbo n cycle diagrams sho w:

Carbo n sto res, kno wn as po o ls  o r sinks, e.g. the o cean, fo ssil fuels, o r living o rganisms

Pro cesses o f carbo n transfer, kno wn as  �uxes, e.g. disso lving, co mbustio n, o r

pho to synthesis

Diagrams can be illustrated, o r can be simple, co ntaining just text bo xes and arro ws

Diagrams can sho w terrestrial carbo n cycling, marine  carbo n cycling, o r bo th co mbined  in o ne

diagram

Carbon cycle diagrams
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Carbon cycle diagrams can be illustrated, and can show both terrestrial and marine cycling
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Carbon cycle diagrams can be simple, and may show only terrestrial carbon cycling

Carbon Sinks & Sources

A carbo n sink is a part o f the carbo n cycle that takes up and sto res carbo n, e.g.

Plants take up carbo n dio xide when they pho to synthesise and co nvert it into  carbo n

co mpo unds which they sto re in their tissues; plants therefo re act as carbo n sinks

Plant material so metimes fails to  deco mpo se and fo rms fo ssil fuels o r peat; these

substances act as carbo n sinks o ver very lo ng time perio ds

Carbo n dio xide disso lves in the o ceans, which fo rm a large carbo n sink

A carbo n so urce  is a part o f the carbo n cycle that releases carbo n, e.g.

If plant material is burned then the carbo n sto red within the tissues is released back into  the

atmo sphere

The decay o f dead o r waste material leads to  the release o f carbo n

Net uptake and release of carbon dioxide

If an o rganism carries o ut pho to synthesis at a higher rate than respiratio n, e.g. plants, then there

can be said to  be a net uptake o f  carbo n dio xide  and that o rganism will functio n as a carbo n sink

within its eco system

The term 'net' refers to  the o verall directio n o f  mo vement

If an o rganism carries o ut respiratio n at a higher rate than pho to synthesis, e.g. animals, then

there will be a net release o f  carbo n dio xide  and that o rganism will functio n as a carbo n so urce

within its eco system
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Release of Carbon Dioxide

Carbo n can be returned to  the atmo sphere by the burning o f f o ssil f uels  and o rganic material; a

pro cess kno wn as co mbustio n

Co mplete co mbustio n releases carbo n dio xide  and water as by-pro ducts

Carbo n is released during the co mbustio n o f:

Co al

Oil

Natural gas

Co al, o il and gas are f o ssil f uels; these have fo rmed o ver millio ns o f years fro m the

bo dies o f dead plants and animals; burning them releases carbo n that has been lo cked

up fo r very lo ng time perio ds

Peat

This is a material that fo rms when plant matter do es no t fully deco mpo se due to

waterlo gged and acidic co nditio ns; it releases carbo n when it is burned, and when it is

allo wed to  dry o ut and deco mpo se

Bio mass

This refers to  plant matter, e.g. wo o d

Organic material, o r bio mass, burns when �res o ccur in, e.g. fo rests o r grasslands; human

activities have increased the burning o f  bio mass

Such �res can have natural causes, e.g. lightning hitting ho t, dry gro und, but can be set by

humans, e.g. when clearing land  fo r the purpo se o f farming

Climate change  has increased the o ccurrence o f wild�res

Bio mass can also  be burned as a f uel in e.g. wo o d �res o r bio mass bo ilers

The burning o f bio mass is co nsidered to  have a less signi�cant impact o n atmo spheric carbo n

dio xide than the burning o f peat and fo ssil fuels; this is because the carbo n co ntained in plant

tissues has been remo ved fro m the atmo sphere relatively recently  (i.e. within the lifetime o f the

plant), whereas the carbo n lo cked up in peat has been in that fo rm fo r po tentially tho usands o f

years, and the carbo n in fo ssil fuels fo r millio ns o f  years

CC BY-ND 2.0, via Flickr  CC BY 2.0, via Wikimedia Commons

Carbon is released during combustion of peat (left) and combustion of biomass, e.g. during forest �res

(right)
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Keeling Curve Analysis

Scientists fro m the Wo rld Meteo ro lo gical Organisatio n and research statio ns have been taking

quantitative measurements o f the atmo spheric carbo n dio xide  fo r many years

The Mauna Lo a Observato ry, Hawaii, has been reco rding carbo n dio xide levels since 1958

The data co llectio n was initially carried o ut by American scientist Charles Keeling, and the

dataset fro m Mauna Lo a is no w named after him

The co ncentratio n o f carbo n in the atmo sphere is co nstantly changing due to  seaso nal

�uctuatio ns in rates o f  pho to synthesis; this is sho wn o n the Keeling curve  graph belo w in red

Pho to synthesis  remo ves carbo n dio xide fro m the atmo sphere, meaning that atmo spheric

carbo n dio xide levels decrease  in whichever hemisphere is experiencing spring and

summer

This seaso nal decrease  is reversed during autumn and winter when pho to synthesis rates

decrease and are o vertaken by pro cesses such as respiratio n, deco mpo sitio n, and

co mbustio n

The o verall trend in atmo spheric carbo n dio xide levels is the result o f human activities; the

co mbustio n o f fo ssil fuels by humans releases carbo n dio xide  into  the atmo sphere faster than

pho to synthesis is able to  remo ve it, meaning that carbo n dio xide levels are slightly higher every

year

The o verall trend is sho wn o n the Keeling curve belo w in blue
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Nutrient Cycling

Interaction Between Autotrophs & Heterotrophs

The pro cess o f pho to synthesis, carried o ut by mo st auto tro phs, takes in carbo n dio xide fro m

the atmo sphere and co nverts it into  carbo n co mpo unds and  o xygen

This pro cess is the so urce o f atmo spheric o xygen o n Earth

Aero bic respiratio n depends o n o xygen, so  o rganisms that respire aero bically can make use o f

the o xygen pro duced during pho to synthesis  when they respire, in turn pro ducing carbo n

dio xide as a waste pro duct , which can be used in pho to synthesis

No te that bo th auto tro phs and hetero tro phs  make use o f o xygen in respiratio n

The co mbined pho to synthesis o f all pho to synthetic o rganisms o n earth remo ves a huge vo lume

o f  carbo n dio xide and releases a huge vo lume o f  o xygen into  the atmo sphere, while the

co mbined respiratio n o f all aero bically respiring o rganisms remo ves a huge vo lume o f  o xygen

and releases a huge vo lume o f  carbo n dio xide

This is a majo r interactio n between auto tro phs and hetero tro phs

The pro cess that transfer carbo n are kno wn as �uxes; huge carbo n �uxes take place o n Earth

every year due to  pho to synthesis and respiratio n
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Recycling of Chemical Elements in Ecosystems

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

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

carbo n co mpo unds

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

co nsumers

Deco mpo sers break do wn the o rganic mo lecules  in dead tissues and waste matter, making

them available again to  pro ducers

This cycling o f nutrients applies to  carbo n, which is taken in fro m the atmo sphere by pro ducers

and then returned to  the atmo sphere by deco mpo sers

Many o ther mineral elements  are also  cycled thro ugh eco systems, e.g.

Nitro gen

Calcium

Pho spho rus

Sulfur

Po tassium

These elements are inco rpo rated into  bio lo gical mo lecules  within the tissues o f living

o rganisms, and then released back into  the enviro nment when deco mpo sers break do wn

tissues after death

Public domain, via Flickr

Carbon is returned to the atmosphere and other mineral elements are returned to the soil by the action of

decomposers, such as fungi and bacteria, on dead matter
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