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Stability inEcosystems

Stability in Ecosystems

= Stable ecosystems have the following features
= Efficient nutrient cyclingwhich allows the systemto be self-supporting
= Highbiodiversity
= Stability,i.e.resistance to change
= E.g.consumerpopulationsizes do notchange significantlyso resources are not
overused
= Highlevels of photosynthesis
= Some tropicalrainforests, e.g.the Amazonrainforestin South Americaand the Congo rainforest
inAfrica, have remained intheircurrent state fortens of millions of years;theyare
= Highlydiverse,e.g.the Amazonrainforest his thoughtto contain millions of invertebrate
species,tens of thousand of plant species, thousands of bird and fish species, and
hundreds of mammal species
= Highlevels of lightand moisture meanthat photosynthesis rates are high
= Organic matteris cycled bydetritivores such as termites, slugs and worms, and by
decomposers suchas fungi;the nutrients are thentakenup again by the trees
= Wateris cycled withinthe ecosystemasitislostfromtrees bytranspirationbefore
condensingand falling again as rain
= Note that while healthyecosystems are highly stable, as described above, theyare not entirely
static;natural selection,leadingto evolutionary change, will always be actingonspecies

CCBY-SA 2.0, via Wikimedia Commons
The Amazon rainforest is millions of years old
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Requirements for Ecosystem Stability

= Foranecosystemto be considered stable,there are several features thatit must have

Supply of energy

= Areliable source of energymust be present
= Formostecosystems this energysource is sunlight
= Lightenergyis converted into chemical energybyphotosynthesis
= Manyphotosynthetic organisms must be present,e.g.plants oralgae
= Stored chemicalenergyis thenpassed up food chains through consumption

Recycling of nutrients

= |norderforanecosystemto supportitself,the cyclingof nutrientsis essential
= [fnutrients are notrecycled thenthe supplyof nutrients will run out
= Nutrients are cycled whendecomposers such as bacteriaand fungibreakdownthe carbon
compounds,e.g.proteins and nucleic acids,inthe tissues of dead organisms orwaste matter
= Carbonisreleasedinto the atmosphereinthe formof carbondioxide
= Minerals such as nitrates and phosphates are released into the soil
= Thenutrients released bydecomposers canthenbe takenup againbyproducers and re-enter
the food chain
= Theconditionsinanecosystem must be suitable fordecomposers
= Thereneedsto be enoughoxygenand moisture,and temperatures need to be suitable;an
ecosystemthatistoo hotordrywillhave reduced nutrient cyclingand so willbe less
productive
= |f nutrients are removed fromanecosystemthencyclingwillbeinterrupted and productivity will
bereduced,e.g.
= Trees thatfallare removed fortimberratherthanleftto decompose
= Crops are harvested

Genetic diversity

= Genetic diversityis one aspectofdiversity;itcanbe defined as
The number of different alleles of genes presentinapopulation

= Highlevels of genetic diversitymean that naturalselectioncanactonfavourable alleles,
providing a populationwith the potential to adapt to changes inthe environment
= |fapopulationhas alimited numberof alleles thenthe chances of one allele being favourable
if the environment changes is reduced, and a populationwill be unable to adapt
= Genetic diversityallows populations to resist the effects of change in theirenvironment

Climatic variables remaining within tolerance levels

= Genetic variationwillonlyallow populations to resist the effects of change up to apoint;if
extreme environmental changes occurthentheymaybe outside the tolerance levels of a
species

= Climatic changes to the environmentinclude factors such as temperature and rainfall

= Changes thatare outside tolerance levels willmeanthat aspecies needs to eithermigrate or
face extinction

= Humanactivities are causing climate change at such arapid rate that climatic variables are
changingbeyond tolerancelevelsinsome ecosystems
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Investigating Ecosystem Stability

= The stabilityofanecosystemcanbeinvestigated usingamodelecosystemknownas a

mesocosm
Amesocosmis anexperimental containerin which anaturally occurringecosystemis simulated
Mesocosms canbe used to study theresponse of anecosystemto changes inspecific
factors suchas nutrientand light levels
Unlike arealecosystem,itis possibleinamesocosmto controlallof the factors otherthanthe
variable being studied
Mesocosms canbe setupinmanydifferent ways formanypurposes
= Watertanks canbe setuponland to studythe effectof sewage pollutiononponds orlakes
= Underwaterenclosures canbe builtincoastal waters orlakes to studythe effectof
temperature change ordissolved carbondioxide onoceanecosystems
= Trees canbe plantedinlarge greenhouse-like buildings to replicate arainforest to
investigate the passage of carbonthroughthis ecosystem
Mesocosmexperiments canbe considered unrealistic due to theirenclosed nature and the
levelof controlthat canbe achieved
= Realismcanbe improved bydesigninglarge mesocosms that share more of the features of
arealecosysteme.g.enabling mixing of layers of waterinalarge oceanmesocosm

Building a mesocosmin the lab

Itis possible to build smallmesocosms inthe laboratory
Factorsto consider:
= The containershould be transparent to enable sunlight to reachproducersinside the
mesocosm
= Autotrophs should beincluded so thatlight energy canbe converted into chemicalenergy
inside the mesocosm
= Smallprimaryconsumers suchaszooplanktonorothersmallinvertebrates could be
included, butitisimportantto considerwhetherthe mesocosmis likelyto be large enough
to supportthem
= Do notinclude secondaryconsumersinamesocosmbecause there willnotbe enough
energyinthe food chainto sustainthemforlong,anditcould be considered unethical to
allow the primary consumers to be eatenin this way
Mesocosms canbe setupas opensystems,i.e.withoutalid,but sealed systems are more
controlled, and therefore more useful forexperimental purposes
= Sealed systems prevent organisms and substances fromentering orleaving
Inthe lab,amesocosmcanbe setupand thenaknownfactorcanbe altered to assessits effect
= E.g.differentlight levels,differenttemperatures etc.
Inorderto assess theimpactofchangingone factor,acontrolmesocosmmustbe setup at the
same time
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= Acontrolmesocosmwillbe exactly the same as the experimentalmesocosm,but the
altered variable willnot be changed

= The purpose of thisis to demonstrate that anychangeinthe mesocosmis due to the
altered factorand not another factor

Terrestrialmesocosm

Place drainage material such as gravelinthe bottomofaclearcontainer

Add alayerofcharcoalontop of the drainage layer; this canhelp to prevent the growth of mould

Place alayerof sphagnummoss orfilterpaperontop of the charcoalto provide separation

betweenthe base layers and the organic matterabove

Add alayerofsoilorcompostabove the separationlayer; this provides organic materialand

micro-organisms to aid with nutrient cycling

Plant slow-growing producers such as healthymosses and ferns in the growth medium

Waterthe growthmediumbefore sealing the containerwith alid

= The mesocosmmayneed wateringwhile it establishes, but avoid excessive watering;once

the mesocosmhas stabilised, the plants should release enough watervapourduring
respirationto maintain moisture levels

Place the containerinalight location,and ensure that the temperature is stable

Aquatic mesocosm

The base layerof the mesocosmshould consist of organic substrate fromthe bottomofalake
orpond;this will provide naturally o ccurring nutrients and microorganisms
Add lake or pond water;this ensures that it contains the required microscopic organisms and
avoids chemicals fromtap water
Add healthy aquatic plants to produce carbohydrates and oxygenate the water
Smallaquatic organisms such as waterfleas orwatersnails canbe added, but not more
organisms thanthe size of mesocosmcansupport

= Onlyprimaryconsumers should be used
Place the containerinalight location,and ensure that the temperature is stable

Mesocosmdiagram
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Mesocosms can be either terrestrial oraquatic

NOS: Care and maintenance of the mesocosms should follow IB experimental
guidelines

= ThelBpolicyonanimalsinschools states thatinvestigations should only involve animals where
no alternative options are available,and that anyinvestigations that mustinvolve animals should
not be cruel,and should include measures that remove potentialcauses of animal distress
= Foramesocosmexperiment, this may meanremoving animals entirely
= Thisis the mostethicalapproach,as notallmesocosms need animals to be sustainable
= |f animals are required thenthe guidelines maymeanonlyincluding alimited number of
herbivorous animals in acarefully controlled environment
= |.e.enoughfood should be available,the mesocosmshould notgettoo hotortoo cold, the

investigationshould not continue fortoo long, and the animals must be returned to their
naturalenvironment at the end
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Ecosystem Stability: Skills

Deforestationof AmazonRainforest

= The Amazonrainforestis anexample of anecosystemwhere humanactivities are endangering
ecosystemsustainability
= Deforestationis affecting the self sufficiencyofthe Amazonecosystembyinfluencingits
temperature and rainfall
= Transpirationreleases watervapourinto the airabove the rainforest
= Thishasacoolingeffectwhichaffects airmovement and rainfall
= Changesinthe numberof trees carryingout transpiration cantherefore influence local
temperatures and rainfall
= Temperature and rainfall are factors inthe rates of photosynthesis and nutrient cycling, so
deforestationcould have aknock-oneffectonotherimportantecosystemstabilityfactors
= Scientists are concerned thatthe Amazoncould reachatipping point beyond whichitis no
longerstable
= So manytrees are removed that temperature and rainfall patterns change significantly
= Climatic factors maychange beyond tolerance levels forsome species
= Thereisuncertainty around the area of rainforest that would need to be lost forthis tipping point
to bereached,so we do not knowhow close the Amazonrainforest is to losing stability

Globaldeforestation map

Information from 2015 shows high rates of annual deforestation occurring in the Amazon rainforest,
South America; itis thought that this deforestation could destabilise the ecosystem if it is allowed to
continue
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O ExamTip

Note that youcould be asked to calculate percentage change inthe context of ecosystem
loss,inorderto calculate the extent of deforestation.

Percentage loss ofrainforest would be calculated as follows:

change in rainforest area

Percentage loss of rainforest x 100

original rainforest area

Changeinforestcovercanbe calculated by subtracting the final forest coverfromthe initial
forestcover,

Keystone Species

Keystone Species

Keystone species are species that have adisproportionate effect onthe structure and
functionof theirecosystem
Theirremoval can cause significant changes inthe ecosystem,includingthe loss of other
species and possible ecosystemcollapse
Byprotectingkeystone species, the stability of the ecosystem canbe maintained,whichcanin
turnbenefitotherspeciesinthe ecosystem
Examples of keystone speciesinclude
1 Seaotters,inthekelpforestecosysteminthe Pacific Northwest of the United States, help
to controlthe populationof seaurchins;without this controlthe seaurchins canovergraze
vegetationand leave no food orhabitats forotherspecies
= Beavers build theirhomes inrunningwater, slowing the waterflow and creating awetland
habitat which can support manyotherspecies
= Elephants,inthe grasslands of Africa, consume shrubs and small trees, maintaining the
grassland and preventing the growth of larger plants; this maintains food forgrazers such as
zebras, inturn maintaining the food supplyforlarge predators suchas lions
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Photo via Unspiash

Sea otters are an example of a keystone species
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Sustainability in Ecosystems & Agriculture

Assessing Sustainability of Resource Harvesting

Human activities relyonthe harvesting of resources, suchas food and timber, forwhichwe rely
onthe natural environment

Asustainablyharvested resourceis one whichisreplaced as rapidly as it is harvested, meaning
thatitdoes notrunout

Inorderforaresource to be sustainable,its use needs to be carefullyregulated and monitored
to ensure thatitis not over-harvested

Terrestrial plant: black cherry

Black cherryis aspecies of hardwood tree,found in North America, thatis popularforfurniture
production
Hardwood tree species grow slowly, so itis especiallyimportant that sustainable harvesting
methods are used;methods such as clear felling willleave no timber formanyyears to come
Sustainable harvesting of black cherrytimberinvolves
= Selective felling;choosing specific individual trees to harvest, leaving gaps in the forest
canopythat willencourage growth of more plants onthe forestfloor
= |Leavingenoughindividuals behind inthe forest to flower and produce seeds, ensuring that
new black cherrysaplings will germinate
= Regularmonitoring to ensure that new growthis keeping up withlogging

CCBY-SA 2.0, via Wikimedia Commons

Hardwood forests contain trees that grow slowly, so harvesting must be carefully managed
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Marine fish: Alaska pollock

= Pollockare aspecies of fishfound across the North Pacific
= The Alaskapollockfisheryis the largest sustainably certified fishery in the world
= This certificationis awarded by the Marine Stewardship Council (MSC)
= The fisheryis considered to be sustainable because
= Pollockare afast-growingspecies whichcanreproduce fromthe age of 3-4 years
= Nets have minimalcontact withthe seabed,so do notdamage this habitat
= The proportionofthe fishcaughtthatare notpollock,knownasbycatch,is very low;less
than1%
= Accordingto regulation,any bycatchthat is caught cannot be sold commercially,soitisin
theinterestof fishermento avoid catchingit
= Close monitoringis carried outbyscienceresearchvessels and bytrained individuals on

board commercial fishingvessels
= Anyareas where ahigherthannormal numberof salmonbycatchoccurs are closed offto
fishingvessels

CCBY-SA 4.0, via Wikimedia Commons

Wild Alaska pollock caught in the US is a sustainably harvested resource
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Factors Affecting Sustainability of Agriculture

= Agriculture is essentialinensuring that there are enoughfood and materials to supply the needs
of humans around the world
= Sustainability in agriculture is acomplexchallenge influenced by manyfactors

Soil erosion

= |norderto growcrops orkeeplarge numbers of grazing animals,land needs to be cleared to
make space forcrops orgrass
= Theremovaloflargertrees and shrubs means that theroots that hold the soiltogether are lost,
resultinginless stable soilthat caneasilybe washed orblown away
= Thisis aparticularrisk forthe nutrient-richuppersoillayer,known as topsoil
= Thisleadsto soilerosion,and areductioninthe availabilityof soilneeded forcrop/grass growth
= While crops and grass themselves canaid soil stability, theymayonly provide partial cover,orthey
may be removed afterharvest,ordue to overgrazing/poorweather
= Farmers sometimes plant'covercrops'to hold the topsoiltogetherinbetween growing
seasons

Leaching and nutrient run-off

= Theuse of synthetic fertilisers in agriculture canlead to nutrient runoff due to leaching
= This occurs whenrainfallwashes fertilisers out of the soiland into nearby bodies of water
= The mineralsinsynthetic fertilisers are highlysoluble so dissolve inrainwater before being
washed away
= The problemofleachingcanbereduced byapplying fertilisers in smallvolumes, at times whenrain
isnotforecast,and byusing organic ratherthan synthetic fertilisers

Fertiliser supply

= Chemicalfertilisers are important formanyfarmers, but theyare not always easyto supply
= Theyare expensive
= Theyare used bymanyfarmers,so supply may not meet the large demand

= The process of fertiliserproductionis veryenergyintensive,so the cost of fertilisers is affected
by the global energy prices

= Switchingto organic fertilisers canhelpto reduce some of the difficulties associated with
chemicalfertiliseruse

Pollution

= Some types of farmingrelyonthe use of chemicals, known as agrochemicals
= Theimpactofchemicalfertiliseruse has beendescribed above
= Additionalexamples of agrochemicals include

= Pesticides
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= Herbicides
= Fungicides

= These chemicals are used to improve yield, which might otherwise be damaged byinsect pests,
competitionfromweeds, orbyfungaldisease

= These chemicals canenterthe natural environment and cause problems, e.g.byKkillingnon-
targetspecies

= Biologicalpest controlcanreduce pesticide use
= Thisinvolves therelease of apest's natural predators, e.g.ladybirds that preyonaphids

= Scientists hope that genetic modificationmayallow the introductionof crop varieties that are
resistant to pests and disease

Carbonfootprint

= Thereliance onfossilfuels fortransportation, machinery, and the production of synthetic
fertilisers has significantimplications forthe sustainabilityof food production
= Thecombustionoffossilfuelsreleases carbondioxide into the atmosphere,increasing the
carbonfootprint of agriculture and contributing to climate change
= Transitioning to renewable energy sources and promoting energy-efficient practices canhelp
reduce the carbonfootprint of food production

Many are concemed about sustainability problems in intensive agriculture
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Eutrophication

Eutrophication

Whenlakes,rivers, estuaries and coastal waters receive artificially large inputs of nutrients, such
as nitrates and phosphates, this results inexcess growth of plants and phytoplankton, e.g.algae
= Forexample,whenthe mineralions fromexcess fertilisers leach from farmland into
waterways
This growth of algae, known as analgalbloom, canblock out sunlight and stop it penetrating
below the watersurface, so aquatic plants below the surface of the waterstart to die as theycan
no longer photosynthesise
= Thealgae also startto die whencompetitionfornutrients becomes too intense
As aquatic plants and algae die inincreasing numbers,decomposingbacteriafeed onthe dead
organic matterand also increase innumber
As theyrespire aerobically, these bacteriause up the dissolved oxygeninthe water
= Therespiringbacteriacreate anincreased biochemicaloxygendemand,orBOD
As aresult, the availabilityof dissolved oxygenin the waterrapidly decreases, so aquatic
organisms suchas fishand insects maybe unable to survive
= Deadzonesinbothoceans and freshwatercanoccurwhenthereis notenoughoxygento
support aquatic life

Eutrophication processdiagram
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Eutrophication can result from the leaching of agricultural fertilisers into lakes and rivers
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The Effects of Pollution

Biomagnification of Pollutants

= Biomagnificationis the increase inconcentrationof persistent ornon-biodegradable
pollutants withascending trophic level throughafood chain
= Notto be confused withbioaccumulation, whichis the build-up of pollutants withinan
organism,orwithinasingle trophic level
= Aspollutants are passed up the food chainfromone trophic level to the next,theycanbecome
more concentrated due to the decreaseintotalbiomass of organisms at highertrophic levels
= |.e.the smallerorganisms at the bottomofthe food chain willeachconsume asmallvolume
of pollutant, and then the organisms at the top of the food chain will consume many smaller
organisms and receive amuchlargerdose of pollutant

Biomagnification of DDT

= Toxins suchas DDT (dichlorodiphenyltrichloroethane) are persistent pollutants that canenter
food chains
= DDT was awidely usedinsecticide inthe mid-20th centurythat was found to have harmful
effectsontop predators suchas birds of prey
= WhenDDT was sprayed oncrops,itwould leachinto waterways and eventually enter
freshwaterand marine ecosystems
= DDTwould thenenter food chains viaplanktonand accumulate inthe bodies of fish
= These fishwould thenbe eatenbybirds, whichwould accumulate higher concentrations of
DDT
= Because DDTis persistentand does notbreakdown easily,it cancontinue to accumulate inthe
bodies of animals at highertrophic levels,leading to harmful effects such as thinning of
eggshells and reduced reproductive success
= The thineggshells could notwithstand the weight of the parent bird duringincubation, so the
eggs would break and feweryoung birds would hatch
= Qvertime thisresulted inreduced bird populations
= DDThas now beenbanned worldwide, with the exceptionofits useinareas where itis essentialin
dealingwithmosquitos that transmit malaria

Biomagnification of DDT diagram
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Through the process of biomagnification, the concentration of DDT in the tissues of organisms increases
at successively higher trophic levels in a food chain

Biomagnification of mercury

= Mercury is anotherexample of apollutant that canaccumulate throughfood chains

= Mercuryisreleased into the environment through activities such as coal-fired powerplants and
gold mining

= Onceinthe environment, mercurycanbe converted by microorganisms into a highly toxic form
called methylmercury, whichcanaccumulate inthe bodies of fish
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= Aslargerfisheatsmallerfish,the concentrationof methyl mercury withinthe tissues of these
fishincreases, leadingto potential harm forhumans who eat large predatoryfishsuchas tunaor
swordfish

Effects of Plastic Pollution

= Plastics have alarge negative impactonbothland and waterhabitats due to theirnon-
biodegradable nature
= Plastics that cancause pollutionproblemsinclude
= Macroplastics;these are plastic items that are more than5 mminlength,and include plastic
bags,bottles,food packaging,and fishingnets
= Microplastics;pieces of plastic thatare less than5 mminlength
= Microplastics come frommacroplastics that have beenbrokeninto smallerpieces by,
e.g.wave actionorUVrays
= Inmarine habitats:
= Animals oftentryto eat plastic,e.g.
= Turtles mayattemptto eat aplastic bagthatresembles ajellyfish
= Albatrosses mayaccidentallyconsume plastic whentheyfish, givingit to theirchicks
when theyregurgitate food;the chicks maylaterstarve due to theirstomachs being full
of plastic
= Animals become caught inplastic,suchas fishinglines,leadingto injuries and death
= Asthe plastic breaks downit canrelease toxins that canlead to biomagnificationinthe food
chain
= Onceithas brokendowninto very small particles,itis commonlyingested byanimals and
enters the food chain

NOS: Scientists caninfluence the actions of citizens if they provide clear
information about their research findings

= Theimpacts of plastic pollution have become verywellunderstood by the publicinrecentyears
due to effective communicationof the findings of scientists
= E.g.Popularwildlife documentaries have shownfootage of seabirds feeding plastic to their
chicks
= This type of clear science communicationcanchange public behaviour
= People have petitioned food companies and supermarkets to reduce theirplastic
packaging
= People mayshopatstores thatuse less plastic
= People maygetbetterathousehold recycling and taking theirrubbishhome
= People mayoptfornon-plasticitemsintheirhome,suchas bamboo toothbrushes orpaper
straws fordrinking
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Restoring Ecosystems

Restoring Ecosystems

= Humanactivities suchas deforestationand overharvestingofresources candestabilise
ecosystems
= Conservationefforts atthe ecosystemlevelaimto restore ecosystemstabilitybyrestoring
naturalecosystemprocesses
= Thistype of ecosystemrestorationprojectis sometimes known as rewilding
= Restorationstrategies mayinvolve
= Speciesreintroductions
= Reintroductionofapexpredators willcontrol populations of herbivores and allow the
restorationof habitat vegetation;this canincrease the diversity of plant species, which
willinturnboost overallbiodiversity
= Reintroductionof keystone species canalterthe structure of anecosystem
= Improvinghabitat connectivity
= The establishment of wildlife corridors such as through the use of hederows over
farmland,canconnect smallpockets of habitat
= This canallow organisms to roamoverlargerareas,increasing the resources available,
so allowinglargerpopulationsizes to establish
= Limitinghumaninfluence
= This mayinvolve preventing the harvesting of resources, e.g.logging, fishing,or
agriculture
= Ecologicalmanagement techniques, e.g.controlled grazing orburning, maybe used to
restore ahabitat

Restoration of Hinewai Reserve, New Zealand

= HinewaiReserve was once farmland, butis now privatelyowned, with the aim ofrestoring the
naturalecosystemofthe area

= Some initialhumaninterventionwas involved, with the removal of non-native species, but the
areais now managed with minimal humaninterventionto allow native communities to be
restored bysuccession

= Humanactivities are limited inthe area, though the public canenjoywalkinginthe Reserve
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CCBY-SA 4.0, via Wikimedia Commons

Hinewai Reserve in New Zealand is considered to be a an example of successful rewilding
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