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Ecosystems as Open Systems

Ecosystems

= Anecosystemcanbe defined as:
A group of organisms interacting witheachother and withthe non-living parts of the environment

= There are bothbiotic components and abiotic components withinanecosystem
= Ecosystems vary greatly insize and scale

= Bothasmallpondinabackgardenand the openoceancould be described as ecosystems
= Ecosystems vary incomplexity:
= Adesertis arelativelysimple ecosystem

= Atropicalrainforestis averycomplexecosystem
Ecosystemexample

= Anoceanisanexample ofacomplexecosystem
There is alarge community of organisms, including fish, crustaceans, corals, algae, plants and
microorganisms

The abiotic components of the ecosysteminclude the salinity, pH, temperature, light intensity,
and mineral availability
The abiotic components of the ecosysteminfluence the community of organisms, e.g. by

providing habitat, nutrients and otherresources organisms need inorderto survive and
reproduce
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Ecosystems include communities and theirinteractions with the abiotic environment

Ecosystems as open systems

= Ecosystems are opensystems,meaningthatbothenergy and matter canenter and exit the
system
= Energy canenterand exitas follows:
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= Energyentersinthe formof sunlight,and flows throughanecosysteminthe formofstored
chemical energy
= Energycanalso enteranecosystemstoredinthe tissues of any organisms that migrate into
the system
= Whenenergyis stored inthe molecules of anorganism and thatindividual leaves the
ecosystem, that stored energy is removed
Matter canenterand exit as follows:
= Matterenters anecosystemwhenanorganismarrives,inthe formofallof the molecules of
its cells and tissues, e.g.when abird migrates into anecosystem
= Matterisremoved whenanorganismleaves anecosystem,e.g.dead plant mattercould be
washed awaybythe waves onabeachand carried to anew ecosystem,ortrees are cutdown
and the timberremoved
Itis worthnotingthatmost of the organismsinanecosystemremaininside the system
throughout theirlives,and the matterand energystored intheirtissues is recycled withinthe
ecosystemwhenanindividual dies
= While ecosystems are open, theyare considered to be largely self-contained

Opensystems are differentto closed systems
= |naclosedsystem:
= Mattercanonlyberecycled withinthe systemand cannot enterorleave
= Energycanenterand leave
= FEarthis anexample of aclosed system;energyenters and leaves but matteris recycled
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Sunlight as a Source of Energy

= The sunis theinitialsource of energy formostfood chains
= Light energy fromthe sunis converted byproducers into chemical energy stored inthe
tissues of plants during the process of photosynthesis
= Chemicalenergystoredinthe tissues of plants passes to primary consumers when they
ingest plants,and onto secondary consumers when the primaryconsumers are themselves
ingested
= There are afewunusualexceptions to this,suchas:
= Foodchainslocatedindeep seavolcanic vents and underground caves where no light can
penetrate;theserelyonbacteriagainingenergy fromchemicalprocesses
= Notethatsome caves mayreceive energystores fromthe earth's surface that originally
gained theirenergyfromthe sun, e.g.if waterflows through the cave

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

= |laws describe patterns that occurinnature;theyare developed byscientists after carryingout
observationand theydo not seek to explainwhysomethingis happening
= E.g.thefirstlaw of thermodynamics states thatenergycannotbe created ordestroyed
= Theories go furtherthanthis;theyare explanations of phenomenaobserved innature
= E.g.atheoryknownas 'systems theory' seeks to explainopenand closed systems
= Bothlaws and theories canbe used to make predictions, e.g.about the effect of changeona
system
Usefulgeneralisations

= The statementthat 'the sunis the initialsource of energyforfood chains'is anexample of a
useful generalisation;thisis becauseitis true formostfood chains, but there are examples of
food chains thatdo notdirectlyrelyonthe sunas asource of energy
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Energy Flow inEcosystems

Flow of Chemical Energy

= Photosynthesisis the process of convertinglight energy into chemical energy
= lightenergyis used byplants to powerseveral processes whichresultinthe productionof
organic molecules,orcarboncompounds,including:
= Glucose,whichisusedinrespirationorstoredinplant cellsinthe formofstarch
= Lipids
= Amino acids
= Chemicalenergy,storedincarboncompoundsinplanttissues,is passed to the primary
consumer whenthe plantis ingested
= The primaryconsumerdigests the plant tissues and absorbs the carboncompounds
containing stored chemical energy
= These carboncompounds caneitherbe used to fuelrespirationorto build up animal tissue,
meaning that the stored chemical energy is transferred to the tissues of the primary
consumer
= Whenthe primaryconsumerisingested, the carboncompounds inits tissues, alongwith their
stored chemicalenergy, pass to the secondary consumer,and so onup the food chain
= Whenanorganismdies,the chemical energystored incarboncompounds inits tissues passes
to detritivores and saprotrophs
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Constructing Food Chains & Food Webs

Food chains

= Food chains shows the feedingrelationships betweenthe organismsinanecosystem

= |nafood chain,the arrows represent the transfer of energy,inthe formofstored chemical
energyincarboncompounds,fromone trophic levelto the next,bythe process of feeding

= Food chains also show the transferof biomass between trophic levels

Food chaindiagram

The arrows in a food chain represent the transfer of energy

Food webs

= Foodwebsshowhow several food chains withinanecosystemare connected
= |narealecosystem,mostspecies willhave more thanone food source, and willbecome food
formore thanone consumer species

Food webdiagram
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Food webs show the connections between food chains in an ecosystem

O Exam Tip

Don'tforgetthatthe arrowsinafood chainorfood webrepresent the transfer of chemical
energy and biomass from one trophic level to the next throughfeeding.

Obtaining Carbon Compounds in Ecosystems

Decomposers & Carbon Compounds

= Wheninorganic nutrients enterthe food chain, theyare converted into carboncompounds, e.g.
carbohydrates and proteins,and are locked up inside the tissues of living plants and animals
= Because the supply of inorganic nutrients is finite, itis essential that whenthese organisms die
the nutrients locked up intheir tissues arereleased
= The carboncompounds need to be converted backinto inorganic nutrients that canbe used
byproducers
= Theprocess of breakingdownthe bodies of dead organisms and the waste products of living
organisms is known as decomposition, and it enables the cycling of nutrients
= Decompositionallows the breakdownof moleculesinthe bodies of dead organisms,dead
parts of organisms,e.g.afallentree branch,and animal faeces
= Thecyclingof nutrients is carried outbydecomposers, e.g.
= Detritivores oftenbeginthe process of decompositionbybreaking apart tissues
= Saprotrophsrelease enzymes that break downthe organic molecules inthe tissues,
releasinginorganic nutrients
= Saprotrophs absorbsome of the nutrients themselves, and whatis leftinthe soilbecomes
available forotherorganisms,e.g.producers

Nutrient cycling diagram
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Decomposers release carbon compounds from dead tissues and waste, making them available for
themselves and for otherorganisms
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Autotrophs & Carbon Compounds

= Organisms need energy inthe formof ATP to survive

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

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

= There are two mainmodes of nutrition;autotrophy and heterotrophy

Autotrophs

= Anautotrophsynthesises,orproduces,its ownorganic molecules fromsimple inorganic
substances inits environment, e.g.
= Photosynthetic organisms use light energy to fixcarbondioxide from the airinto organic
molecules such as carbohydrates;these are photoautotrophs
= Some autotrophs use energy fromthe oxidationof inorganic compounds instead of light
energy;organisms that use energy from oxidation of chemicals in this way are known as
chemoautotrophs
= The organic molecules produced canbe built upinto arange of macromolecules needed to
produce cells and tissues, e.g. proteins and lipids
= Chemicalreactions that build largermolecules from smallermolecules are described as
anabolic
= Because autotrophs make theirown organic molecules without relying on otherorganisms, they
are known as producers
= Mostgreenplants are autotrophs, alongwith algae such as seaweeds, and photosynthetic
bacteriasuchas cyanobacteria
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Photoautotrophs & Chemoautotrophs

= The energytransferred to ATP during ATP synthesis comes from oxidationreactions
= Oxidationreactions involve the loss of electrons;youmaybe familiarwith the acronym OIL =
oxidationisloss
= The donatedelectrons canbeusedinthe productionof ATP
= Differenttypes of autotrophharvest electrons indifferent ways:

Photoautotrophs

= Light energyisusedtorelease electrons:
= lLightenergysplits waterinthe process of photolysis,releasingelectrons,hydrogenions
and oxygen
= lightenergyexcites electronsinphotosynthetic pigments,causingthemto bereleased
= Theresultingelectrons and hydrogenions canbe used inthe productionof ATP and reduced
coenzymes
= ATPandreduced coenzymes are theninvolved in the productionof carboncompounds, such
as glucose,duringthe lightindependentreactions of photosynthesis

Chemoautotrophs

= Chemoautotrophs oxidise inorganic chemicals in the environment to provide electrons for ATP
production

= E.g.some bacteriaproduce ATP byoxidisingiron
= [ron(ll),orFe2+is oxidised to iron(lll), or Fe 3+
= The donatedelectrons are usedinthe productionof ATP

= These chemoautotrophs take therole of producers inhabitats where light energy is not
available,e.g.indeepseavents orcaves
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CCBY 4.0, via Wikimedia Commons

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

Heterotrophs & Carbon Compounds

Heterotrophs

= Heterotrophic organisms gaintheircarboncompounds by ingesting the tissues of other
organisms
= This maybe through eating plants, killingand consuming otheranimals, consuming the bodies
of dead organisms,orconsumingbiological waste
= Heterotrophsingest biological material from otherorganisms, breaking tissues downinthe
process of digestionbefore building the molecules backup into,e.g.new proteins and nucleic

acids
= Notethatthe process ofdigestioncanoccureitherinside oroutside the bodyofthe

heterotroph

= The newcarboncompounds canthenbe assimilated into the bodies of heterotrophs, where
theybecome available to the next trophic level

= There are several types of heterotroph,includingconsumers, detritivores,and saprotrophs
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Oxidation of Carbon Compounds

= Autotrophs produce theirowncarboncompounds,and heterotrophs gaincarboncompounds
fromotherorganisms
= The chemicalenergystoredinthese carboncompounds canbereleased by the process of
respiration
= The carboncompound glucose s the fuel forrespiration
= Othercarboncompounds suchas lipids canbe converted into glucose before being
respired
= Respirationreleases energybythe oxidationof carboncompounds
= The energyreleased duringrespirationcanbe used bybyautotrophs and heterotrophs to carry
out the functions of life
= Metabolism-the enzyme-catalysed reactions taking place inside cells
= Reproduction -the sexual orasexual productionof offspring
= Homeostasis - the maintenance ofinternal conditions within tolerable limits
= Growth-increasinginsize
= Note that duringgrowthsome of the chemical energyinthe carbon
compoundsingested byanorganismisincorporated into the tissues of the organism
asitgrows;this stored chemical energy canbe passed to the next trophic levelinthe
food chain
= Response -sensingand responding to the environment
= Excretion-disposalof metabolic waste
= Nutrition - gaining energy and nutrients
= Theprocessofrespirationalso releases heat asaby-product

O Exam Tip

Rememberthat cellularrespirationoccursinbothheterotrophs and autotrophs.The carbon
compounds that fuelrespiration are supplied indifferent ways, butrespirationis commonto
both groups of organisms.
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Trophic Levels

Trophic Levels

= Trophic levels are the positionof anorganisminafood chain, and indicate how many organisms
energy has passed through

= Trophic levels canbe represented bynumbers, beginning with producers at the first trophic
level,and progressingto consumers at the second and third trophic levels, etc.

Trophiclevelstable

Trophiclevel Name of trophic level Description of trophic level
Organisms that produce theirown carbon
1 Producers . )
compounds using, e.g.lightenergy
2 Primary consumers Herbivores that feed onplant tissue
Carnivores that are predators of prima
3 Secondaryconsumers . P i
consumers
. Carnivores that are predators of
4 Tertiaryconsumers
secondaryconsumers
Carnivores that are predators of tertiary
5 Quaternaryconsumers
consumers

= Energyfromsunlight enters the food chain at the first trophic level
= Producers convertlight energy into chemical energy
= Thisoccurs duringphotosynthesis
= This chemical energy is thentransferred to primary consumers as theyconsume producers
= The chemicalenergy is thentransferred fromone consumer to the next as eachorganismis
ingested byorganisms higherup the food chain
= Primaryconsumers transferenergyto secondary consumers
= Secondaryconsumers transferenergyto tertiary consumers
= Tertiaryconsumers transferenergyto quaternary consumers
= Apexpredators are atthe verytop of the food chain;these top predators have no predators
that preyonthem
= The chemicalenergystored withinapexpredators canbe passed onto decomposers when
apexpredators die and are decomposed
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Trophic levels are the levels at which organisms feedin a food chain, and indicate the numberof
organisms through which energy has been transferred

= Trophic levels canalso beidentified withinfood webs, which give aclearerrepresentationofthe
complexfeedingrelationships presentinanecosystem

Note that some organisms have avaried diet, meaning that aspecies maybe presentat more
thanone trophiclevelinanecosystem

= Species maybe atdifferenttrophic levels indifferent food chains withinafood web, e.g.in
the food webbelow:

Sparrowhawks are at the third, fourthand fiftthtrophic levels inthe food chains:
Grass —»mouse — sparrowhawk

Tree — butterfly —» robin — sparrowhawk
Tree — aphid — beetle —robin — sparrowhawk

Robins are at the third and fourthtrophic levels inthe food chains:
Tree — caterpillar—robin— sparowhawk

Tree — aphid — beetle - robin— sparrowhawk
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Food webs also contain trophic levels. Note that it is possible foran organism to be at different trophic
levels in different food chains within a food web.
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Pyramids of Energy: Skills

Pyramids of Energy: Skills

= Pyramids of energyillustrate the energy contained within the biomass of organisms at each
trophic level
= Thelengthofeachbox,orbar,represents the energypresent
= Pyramids of energyshould be drawnto scale so thateachbaris proportionalinsize to the
energythatitrepresents
= [Insome situations,however,apyramid of energymaybe an approximate sketchwhere each
baris aroughrepresentationof the energycontained
= These pyramids are always widest at the base and decrease insize as theygo up
= Thebaseiswide due to there beingmore energy contained withinthe biomass of producers
= Pyramids of energyshow astepped decreaseinthe energycontained ateachlevelof thefood
chain, ratherthan appearing as a pyramid withsmoothsides
= Thelevels of apyramid of energyshould be labelled producer, primary consumer,secondary
consumer,and soon
= Theunits used should be the energy, per unit area,peryeare.g.k)m2year!
= Asyoumove up the pyramid to highertrophic levels,the energy available decreases as not all
energy is transferred to the biomass of the next trophic level
= Roughly10 % of the energyis passed onat each trophic level
= Energyislostateachtrophicleveldue to
= |[ncomplete consumption
= |Incomplete digestion
= |lossofheatenergyto the environment duringrespiration
= Excretionofthewaste products of metabolisme.g.carbondioxide, water,and urea
= Asaresultofthis the biomass at each trophic levelwillalso decrease as energy availability
decreases

Pyramid of energydiagram

The energy stored in the biomass of organisms can be represented by a pyramid of energy
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O ExamTip

Rememberthat pyramids of energy should be drawnto scale and the units used should be
energy,perunit area,peryeare.g.k) m2year”

EnergylLosses

Energy LossesbetweenTrophic Levels

= Whenaconsumeringests anotherorganismnot allthe chemical energy inthe consumer’s food
is transferred to the consumer's tissues
= Only around 10 % of the energyis available to the consumerto storeintheirtissues
= Thisis because around 90 % of the energyis lost to the environment
= Around 90 % of the energyis lostto the environment because
= Noteverypartofthefoodorganismis eaten
= Eg.therootsand woodyparts of plants orthe bones of animals, meaning that the
chemicalenergythese uneatentissues containis lost to the environment
= Consumers are not able to digest all of the food theyingest
= Eg.celluloseinplants,orthe furof animals,so someis egested as faeces;the chemical
energyinthisundigested foodis also lostto the environment
= Energyislostto the environmentinthe formofheat whenconsumersrespire
= Energyislostto the environmentwhenorganisms excrete the waste products of
metabolism
= E.g.ureainurine
= Not allindividual organisms are consumed;some die without beingconsumed, and their
bodiesdecompose
= The energythatisleft aftertheselossesis available to the consumerto fueltheirlife
functions,includingbeingstoredincarboncompounds intheir tissues duringgrowth

Energylossesdiagram
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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.

Therole of decay organismsin energy loss

= Note that while detritivores and saprotrophs are not considered to be part of afood chain,
theyhave arole to playinthe loss of energy fromfood chains:
= Theydecompose the parts of organisms thatare not eaten,e.g.the bones and teethof dead
preyanimals
= Theybreakdownundigested waste material
= Theydecompose the bodies of anyorganisms that die and are not consumed
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Heat Loss to the Environment

= Thetransferofenergyinfood chainsis not 100 % efficient

= Heatislostto the environment during cellularrespirationand whenATPis used inothercellular
processes

= This appliesinproducers,consumers, detritivores,and saprotrophs
= This heat energy islost to the environment at everytrophic level,and duringdecomposition
= Heatlossoccurs bythe process of radiation

Energylost asheatdiagram

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

= Food chains are limited inlength
= Food chainsrarelyhave more thanaround fourorfive trophic levels;this is because with
energylosses ateachtrophic level,thereis less and less energy available to the consumer
asyougo upthe food chain
= Whenafood chaingetslongerthanfourorfive trophic levels itbecomes too difficultfora
predatorto huntenough preyto gainthe energyto survive
= Biomass decreases witheachtrophiclevel,e.g.due to fewerindividuals being present,ordue
to individuals being smaller
= Becauseonlyaround 10 % of the energystoredinaproducer's tissues is available to a
primary consumer, primary consumers needs to consume alot of plant biomass to gain
enoughenergy to survive
= Again,onlyaround 10 % of the energystored inaprimary consumer's tissues is available to a
secondaryconsumer, meaning that secondary consumers need to consume alot of prey
biomass to gainenoughenergy to survive
= Thisleadsto alargereductioninbiomass at each trophic level and means that when
represented interms of biomass,food chains have apyramid structure
= Note that while the biomass decreases ateachtrophic levelofafood chain, the energy
stored inthatbiomass perunitof mass does notchange

Pyramid of biomassdiagram
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The biomass at each trophic level of a food chain can be represented as a pyramid of biomass. The
pyramid shape results from the energy losses at each trophic level.

O Exam Tip

Make sure that you know the different ways that energy canbelost fromafood chainand that
youcanexplainthe effects that these losses have onfood chainstructure.

Be carefulnotto mixup pyramids of biomass (above) withpyramids of energy.
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Primary & Secondary Production

Primary Production

Duringphotosynthesis,autotrophs canconvertlight energy into chemical energy storedin
biologicalmolecules
= QOrganisms that do this are known as producers
The accumulation of carboncompounds inthe biomass of autotrophs is known as primary
production
= Biomass accumulates whenorganisms grow and reproduce
Primary productionoccurs more quicklyinsome biomes thaninothers
= Biomes that have more hours of sunlight, optimumtemperatures and higherlevels of
rainfall will allow photosynthesis to occur at ahigherrate,leading to fasterprimary
production
E.g.tropical forest biomes have highlevels of sunlight, rainfall,and ideal temperatures, so primary
productionoccurs very quickly
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CCBY-SA 4.0, via Wikimedia Commons

Tropical forest biomes have very high rates of primary production due to the high rate at which
photosynthesis can occur

Measuring therate of primary production

= Therate atwhichproducers convertlight energyinto chemical energyis expressed inunits
of biomass, perunit area(orvolume), perunit time, e.g.
= Usingarea:gm=—2yr'(biomass, per squaremetre, peryear)
= Usingvolume:gm=3yr(biomass, per cubicmetre, peryear)
= Volume would be used when calculatingrate of productioninaquatic habitats
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Secondary Production

= Organisms that gaincarboncompounds byingesting other organisms are known as
heterotrophs
= Whenheterotrophsingestotherorganisms, the chemical energy inthe biomass of these
organisms is transferred to the heterotrophs and stored intheirownbiomass
= Thisprocess bywhichbiomassis storedinthe tissues of heterotrophsis knownas secondary
production
= However,not allthe energystored inthe carboncompounds consumed byheterotrophs is
transferred to new biomass
= Carbonislostinthe formofcarbondioxide as awaste productofrespiration
= Energyislostduringthe excretionof othermetabolic waste,suchas waterand urea
= Due to the subtractionofrespiratorylosses,therate of secondary productionis always lower
thantherate of primary productioninanecosystem
= Therateofsecondaryproductionis therefore calculated bysubtractingrespiratorylosses
fromthe stored energy ingested byaheterotroph

O Exam Tip

The terminologyhere canbe confusing, so be sure that you are happywith the following main
ideas:

= Primary productionis the accumulation of biomass in autotrophs while secondary
productionis the accumulation of biomass inheterotrophs

= Therateof production,i.e.how quicklyorslowlyproductionis takingplace,is usually
measured ingm-2yr-!

= Secondary productionislower than primaryproductiondue to energy losses ateach
trophic level

The CarbonCycle

Carbon Cycle Diagrams

= The manyprocesses bywhichcarbonis transferred fromone store to anotherare collectively
known as the carboncycle
= Duringthe carboncycle,carbonis presentinboth organic and inorganic forms
= Organic carbonis found inthe biomass of livingorganisms, e.g.incarbohydrates and
proteins
= |norganic carbonis found inthe atmosphere as carbondioxide and inthe oceans as, e.g.
hydrogencarbonateions
= Thecarboncycle canberepresented using adiagram
= Carboncycle diagrams show:
= Carbonstores, knownas pools orsinks,e.g.the ocean, fossil fuels, orliving organisms
= Processesofcarbontransfer,known as fluxes, e.g.dissolving,combustion, or
photosynthesis
= Diagrams canbeillustrated, orcanbe simple,containingjust text boxes and arrows
= Diagrams canshow terrestrialcarbon cycling, marine carbon cycling,orbothcombined inone
diagram

Carbon cyclediagrams
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Carbon cycle diagrams can beillustrated, 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

= Acarbonsinkis apartof the carboncycle thattakes up and stores carbon, e.g.
= Plants take up carbondioxide whentheyphotosynthesise and convertitinto carbon
compounds whichtheystoreintheirtissues;plants therefore actas carbonsinks
= Plant material sometimes fails to decompose and forms fossil fuels orpeat; these
substances actas carbonsinks oververylongtime periods
1 _Carbondioxide dissolvesinthe oceans,whichformalarge carbonsink
= Acarbonsourceis apartofthe carboncycle thatreleases carbon,e.g.
= |f plant materialis burned thenthe carbonstored withinthe tissuesis released backinto the
atmosphere
= Thedecayofdead orwaste materialleads to therelease of carbon

Net uptake and release of carbon dioxide

= |fanorganismcarries out photosynthesis at ahigherrate thanrespiration,e.g.plants, then there
canbe said to be anet uptake of carbondioxide and that organismwill functionas acarbonsink
withinits ecosystem
= Theterm'net'refers to the overalldirectionof movement
= |fanorganismcarries outrespirationat ahigherrate thanphotosynthesis, e.g.animals, then
there willbe anetrelease of carbondioxide and that organism will functionas acarbonsource
withinits ecosystem
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Release of Carbon Dioxide

= Carboncanbereturned to the atmosphere by the burning of fossil fuels and organic material; a
process known as combustion
= Complete combustionreleases carbondioxide and wateras by-products
= Carbonisreleased duringthe combustion of:
= Coal
= Oil
Natural gas
= Coal,oiland gas are fossilfuels;these have formed overmillions of years fromthe
bodies of dead plants and animals;burningthemreleases carbonthat has beenlocked
upforverylongtime periods
= Peat
= Thisis amaterialthat forms whenplant matterdoes not fullydecompose due to
waterlogged and acidic conditions;itreleases carbonwhenitis burned,and whenitis
allowed to dryoutand decompose
= Biomass
= Thisrefersto plant matter,e.g.wood
= Organic material, orbiomass, burns whenfires occurin,e.g.forests orgrasslands;human
activities have increased the burning of biomass
= Suchfires canhave natural causes, e.g.lightning hittinghot, dryground, but can be set by
humans, e.g.whenclearingland for the purpose of farming
= Climate change has increased the occurrence of wildfires
= Biomass canalso be burned asafueline.g.wood fires orbiomass boilers
= The burningofbiomassis considered to have aless significantimpact onatmospheric carbon
dioxide thanthe burning of peat and fossil fuels;this is because the carbon contained in plant
tissues has beenremoved fromthe atmosphere relatively recently (i.e. within the lifetime of the
plant), whereas the carbonlocked upinpeat has beeninthat formforpotentiallythousands of
years,and the carboninfossil fuels formillions of years

CCBY-ND 2.0, via Flickr CCBY 2.0, via Wikimedia Commons

Carbon is released during combustion of peat (left) and combustion of biomass, e.g. during forest fires
(right)
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Keeling Curve Analysis

= Scientists fromthe World Meteorological Organisationand research stations have been taking
guantitative measurements of the atmospheric carbondioxide formanyyears
= The MaunaLoaObservatory, Hawaii,has beenrecording carbondioxide levels since 1958
= Thedatacollectionwas initiallycarried out by Americanscientist Charles Keeling, and the
datasetfromMaunaloais now named afterhim
= Theconcentrationofcarboninthe atmosphereis constantlychangingdue to seasonal
fluctuationsinrates of photosynthesis;thisis shown onthe Keeling curve graphbelowinred
= Photosynthesis removes carbondioxide fromthe atmosphere, meaningthat atmospheric
carbondioxide levels decrease in whicheverhemisphere is experiencing spring and
summer
= This seasonaldecreaseisreversed duringautumnand winterwhenphotosynthesis rates
decrease and are overtakenbyprocesses such as respiration,decomposition,and
combustion
= The overalltrend inatmospheric carbondioxide levels is the result of human activities;the
combustionof fossilfuels byhumans releases carbondioxide into the atmosphere fasterthan
photosynthesisis able to remove it, meaning that carbon dioxide levels are slightly higher every
year
= Theoveralltrendis shownonthe Keeling curve belowinblue
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Nutrient Cycling

InteractionBetweenAutotrophs & Heterotrophs

= Theprocess of photosynthesis,carried outbymostautotrophs,takesincarbondioxide from
the atmosphere and convertsitinto carboncompounds and oxygen
= Thisprocessisthe source of atmospheric oxygenon Earth

= Aerobicrespirationdepends onoxygen,so organisms thatrespire aerobicallycan make use of
the oxygenproduced during photosynthesis whentheyrespire,inturnproducingcarbon
dioxide as awaste product,whichcanbe used inphotosynthesis
= Notethatbothautotrophs and heterotrophs make use of oxygeninrespiration

= The combined photosynthesis of allphotosynthetic organisms onearthremoves ahuge volume
of carbondioxide and releases ahuge volume of oxygeninto the atmosphere, while the
combined respiration of allaerobicallyrespiring organisms removes ahuge volume of oxygen
and releases ahuge volume of carbondioxide
= Thisis amajorinteractionbetweenautotrophs and heterotrophs
= The process thattransfercarbonare known as fluxes;huge carbon fluxes take place on Earth
everyyeardue to photosynthesis and respiration
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Recycling of Chemical ElementsinEcosystems

= |nafunctioningecosystemthe elements thatlivingorganisms need are constantly recycled
= Producers accessinorganic nutrients fromthe abiotic environment and convert theminto
carboncompounds
= Consumers gainorganic nutrients fromingesting the tissues of producers and other
consumers
= Decomposers breakdownthe organic moleculesindead tissues and waste matter, making
themavailable againto producers
= This cyclingof nutrients applies to carbon, whichis takeninfrom the atmosphere by producers
and thenreturned to the atmosphere bydecomposers
= Many other mineralelements are also cycled throughecosystems, e.g.
= Nitrogen
= Calcium
= Phosphorus
= Sulfur
= Potassium
= These elements areincorporated into biological molecules within the tissues of living
organisms,and thenreleased backinto the environment whendecomposers breakdown
tissues afterdeath

Public domain, via Flickr

Carbonis 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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