1, SaveMyExams

Headtosavemyexams.co.ukfor more awesomeresources

IB Biology DP

4.Ecology

CONTENTS

4.1Species, Communities, Ecosystems & Energy Flow

4.1.1Species & Population
4.1.2 Methods of Nutrition
4.1.3 Community
4.1.4 Nutrient Cycling
4.1.5 Energy Flow
4.1.6 Energy Losses
4.1.7 Skills: Species, Communities, Ecosystems & Energy Flow
4.1.8 Skills: Chi-squaredtest & Statistical Significance
4.1.9 Skills: Pyramids of Energy
4.2 Carbon Cycling & Climate Change
4.2.1Carbon Cycle: Carbon Dioxide
4.2.2 Carbon Cycle: Carbon Dioxide in the Atmosphere
4.2.3 Carbon Cycle: Methane
4.2.4 Carbon Cycle: Organic Matter
4.2.5 Climate Change: Greenhouse Effect
4.2.6 Climate Change: Impact
4.2.7 Climate Change: Causes
4.2.8 Skills: Carbon Cycling & Climate Change

Page 1 0of 62

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, Past Papers

YOURNOTES
l


https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukfor more awesomeresources

4.1 Species, Communities, Ecosystems & Energy Flow YOUR TOTES
Species

¢ Aspecies canbedefinedas:
A group of organisms that caninterbreed to produce fertile offspring

¢ The ability to breed and produce fertile offspringis a useful method of distinguishing
species fororganisms that reproduce sexually but can be difficult to apply in some
situations
o Organisms that reproduce by asexual reproduction, such as bacteria, cannot be
classified using this method
o Onrareoccasions, animals of different species breed together and produce fertile
offspring, such as the so-called 'wholphin’; the fertile offspring from a cross between
amelon-headed whale and a common bottlenose dolphin
= Accordingtothe species rule above the wholphin would be a new species, but
while scientists do believe that hybridisation can lead to new species it needs to
be a frequent event for this to occur,and wholphins arerare
= Notethatthe melon-headedwhaleis actually a species of dolphin, so the name
'wholphin'is a bitinaccuratel!
¢ Theimperfect nature of this method of classifying species means that other characteristics
are oftenused atthesametime
o Organisms of the same species share similar morphology
o DNA sequences can be compared, with a certain level of similarity indicating that
organisms are the same species
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Populations

Apopulation can be defined as:
A group of organisms of the same specieslivinginan area at one time

Apopulation can beisolated from other populations of the same species due tolivingina
different area
This isolation means that members of the separate populations cannot breed together
and gene exchange orgene flow cannot take place between them
As long as theseisolated populations could, in theory, interbreed to produce fertile
offspring, they are the same species
If the environmental conditions affecting each population are different, then natural
selection could act differently on each population and eventually lead to speciation

o Genetic driftcanalsoleadto speciation
Once speciation has taken place, the two species can no longer produce fertile offspring;
they arereproductively isolated
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|UNOBSTRUCTED GENE FLOW | YOURNOTES

o =D 1

NO GENE FLOW BETWEEN Q) + (B

SELECTION PRESSURES AND GENETIC DRIFT CAUSE
DIVERGENCE BETWEEN (A) +(B) UNTIL SPECIATION OCCURS
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YOURNOTES
POPULATION (A) AND CAN NO LONGER INTERBREED:
THEY ARE DIFFERENT SPECIES l

Reproductiveisolation of two populations of trees can occur when the populations are
separatedforalong period of time

O ExamTip
¥  Make sure that you can state the definition for a species - organisms belong to the
same species if they can interbreed to produce fertile offspring
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AutotrophvsHeterotroph

¢ Organisms need energy in the form of ATP to survive

e Theenergy storedin ATP comes from other organic molecules, such as carbohydrates,
andis transferred during the process of respiration

¢ Themethod by which an organism gains organic molecules to fuelrespiration is known as
its mode of nutrition

¢ There are two main modes of nutrition; autotrophy and heterotrophy

Autotrophs
* Anautotrophsynthesises, or produces, its own organic molecules from simple inorganic
substances inits environment
* Photosynthetic organisms use light energy to convert carbon dioxide from the airinto
organic molecules such as carbohydrates
o Some autotrophs use energy from the oxidation of inorganic compounds instead of
light energy
o Autotrophs thatuselight energy are known as photoautotrophs, while those that use
energy from oxidation of chemicals are known as chemoautotrophs

¢ Because autotrophs make theirown organic molecules without relying on other organisms,
they areknown as producers

e Mostgreenplants are autotrophs, along with algae such as seaweeds, and photosynthetic
bacteria such as cyanobacteria

Heterotrophs

¢ Heterotrophic organisms gain their organic molecules by ingesting the tissues of other
organisms

e There are severaltypes of heterotroph, including consumers, detritivores, and
saprotrophs

Mixing modes of nutrition

¢ Someorganisms are able to make use of more than one mode of nutrition, such as auto-
andheterotrophy
o Theseorganisms arereferred to as mixotrophs

¢ Euglenais a single-celled eukaryotic organism that makes use of both autotrophy and
heterotrophy
o Euglena cells can takeinbacterial cells by endocytosis, and then digest them using
digestive enzymes stored inlysosomes
o Euglenacells also contain a light-sensitive spot that enables them to position
themselves so that maximumlight reaches their chloroplasts
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| MITOCHONDRIONs

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

NOS: Looking for patterns, trends and discrepancies; plants and algae are
mostly autotrophic but some are not

e Themajority of plants and algae are photosynthetic, meaning that they are autotrophs
thatrely on energy from the sun to convert carbon dioxide in the airinto organic molecules
intheirtissues

e Theirphotosynthetic cells contain pigments which absorb light energy

o The main pigmentin green plants is chlorophyll, which primarily absorbs light at the red
and blue ends of the visible spectrum, reflecting green light

o Greenplants also have carotenoid pigments, known as accessory pigments, which
extend therange of light wavelengths that can be absorbed; these pigments appear
tobered, yellow, orpurple andremain in mature leaves after chlorophyll degrades

o Brown algae, such as the seaweed kelp, contain a brown pigment called fucoxanthin

o Redalgae and green algae have pigments called phycobilins

¢ There are someunusual exceptions to the autotrophic mode of nutrition used by most
plants and algae
o Some plants parasitise theroots of other plants, tappinginto theroots of these
plants to gain their organic molecules
= E.g.groundcone plants look like upright pine cones sitting on the ground, but are
in fact parasitic plants, having no photosynthetic pigments of theirown, and
gaining their organic molecules from the roots of surrounding trees

o Some plants parasitise fungi, a feeding mode known as mycoheterotrophy, gaining
their organic molecules from the network of fungal cells in the soil
= Therare plant Epipogium aphyllum, also known as the ghost orchid, has noleaves
andno chlorophyll, gainingits organic molecules from the fungithat form
associations with treeroots

* When exceptions to accepted trends are observedin the natural world, it can sometimes
mean that established modes of thinking areincorrect, soitis important to consider
discrepancies carefully

o Inthe case of non-photosynthetic plants andalgae:
= Theyarerare

= They appeartohave evolved on multiple occasions from autotrophic ancestors

o Thereis not enough evidence to disprove the mode of thinking that says that plants
andalgae are autotrophs, but we can say that there are a few exceptions to this rule
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Types of Heterotrophic Nutrition
e There are severalways in which heterotrophs gain organic molecules from other organisms

Consumers

« Consumers gain their organic molecules by ingesting the tissues of other living
organisms or recently dead organisms

¢ Theconsumers that eat plants are known as herbivores, and the consumers that eat other
animals are known as carnivores

Detritivores

¢ Detritivores gain organic molecules by ingesting the tissues of dead organisms or
ingesting animal waste

o Detritivores carry outinternal digestion, meaning that they digest theirfoodinside their
bodies

¢ Examples of detritivores include earthworms, woodlice and dungbeetles

Saprotrophs

e Saprotrophs alsoingest the tissues of dead organisms and waste material, but they
secrete enzymes onto theirfood, and digest it externally

¢ Theproducts of this external digestion are then absorbed

e Examples of saprotrophs include fungi and bacteria

e Saprotrophs secrete a wide range of digestive enzymes that allow them to hydrolyse
(break down) a large variety of biological molecules, releasing a large range of products as
aresult

o Examples of these products include mineralions, such as ammoniumions and
phosphateions

e Importantly, not all of the products of external digestion get absorbed by saprotrophs
¢ Instead, some of the products remainin the surrounding soil and become available to
other organisms such as plants
o Thisis why saprotrophs are such an essential component of ecosystems and food
webs
o Without them, the nutrients locked up in dead and waste matter would neverbe made
available again and producers such as plants would nothave access to sufficient
nutrients
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!
Community

¢ Species donotexist by themselves in theirown isolated environment; they interact with
other species, forming communities
¢ Acommunity can be defined as:

Multiple populations of different species living and interactinginthe same area

e Forexample, a garden pond community is made up of populations of fish, frogs, newts,
pond snails, damselflies and dragonflies and theirlarvae, pondweed, waterlilies, and all
otherpopulations livingin the pond
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Ecosystems

¢ Communities interact with the non-living components of the environment they livein,
forming ecosystems
¢ Anecosystemcanbe definedas:

A community and its interactions with the non-living parts of its environment

e Ecosystems are mostly self-contained
¢ Thereis a flow of energy within an ecosystem and the nutrients withinit arerecycled (e.g.
the carbon, nitrogen and phosphorus cycles)
e There are both biotic components and abiotic components within an ecosystem
e Ecosystems vary greatly in size and scale
o Bothasmallpondinabackgarden andthe open ocean couldbe described as
ecosystems
o Ahuman being could also be described as an ecosystem (there are thousands of
species of bacteria livingon andin every person)
e Ecosystems vary incomplexity:
o Adesertis arelatively simple ecosystem
o Atropicalrainforestis a very complexecosystem
¢ Noecosystemis completely self-contained, as organisms from one ecosystem are
often linked with another ecosystem somehow
o Forexample, many birds species are able to migratelong distances to find food
sources or breedinglocations from multiple ecosystems

Example of an ecosystem

e Aforestis an example of acomplex ecosystem

e Thereis alarge community of organisms including trees, birds, small and large mammals,
insects and fungi

* Theabiotic components of the ecosystem include the soil type, dead leaves, water from
therain and streams, therocks, and any other physical orchemical factors

¢ The abiotic components of the ecosystem influence the community of organisms (e.g. by
providing habitat, nutrients and otherresources organisms needin orderto survive and
reproduce)
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#)savemyexams

Levels of organisationin an ecosystem
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Obtaining Inorganic Nutrients

e Theindividual organismsin an ecosystem need organic molecules to build theircells and
tissues

¢ Thesemolecules contain carbon, hydrogen, oxygen, nitrogen, and phosphorus, as well
as otherelements

¢ Becausetheseelements are presentin the abiotic environment (such as the airand soil) in
the form of inorganic compounds or nutrients, ecosystems depend on producers to
transfertheminto the food chain
o Producers are autotrophs, producing organic molecules frominorganic carbon via
photosynthesis
= |nterrestrial (land-based) ecosystems, plants use CO, from the air
= |naquatic(water-based) ecosystems, plants use CO, dissolved inthe water

o Plants are also able to absorb inorganic nutrients such as nitrates and phosphates
from the soil, incorporating theminto organic molecules in their tissues as they grow

¢ Theorganic moleculesin the tissues of producers can then be accessed by other
organisms within the community via food chains
o Primary consumers feed on producers, digesting theirtissues and absorbing the
organic molecules via their digestive system
o Secondary consumers feed on primary consumers, and so on

TROPHIC TROPHIC TROPHIC TROPHIC TROPHIC

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5

(PRODUCER) (PRIMARY (SECONDARY (TERTIARY (QUATERNARY
CONSUMER) CONSUMER) CONSUMER) CONSUMER)

GRASS GRASSHOPPER FROG PYTHON

APEX PREDATOR %/'

Theinorganic nutrients originally obtained by the producer from the abiotic environment are
transferred to other organisms in the community via food chains
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Nutrient Cycling YOURNOTES

When inorganic nutrients enter the food chain, they are converted into organic molecules {
and arelocked up inside the tissues of living plants and animals
Because the supply of inorganic nutrients is finite, itis essential that when these
organisms die the nutrients locked up in their tissues arereleased
o Theorganic molecules needto be converted backinto inorganic nutrients that can be
used by producers

The process of breaking down the bodies of dead organisms and the waste products of
living organisms is known as decomposition, andit enables the cycling of nutrients
o Detritivores often begin the process of decomposition by breaking apart tissues
o Saprotrophs release enzymes that break down the organic molecules in the tissues,
releasinginorganic nutrients
o While saprotrophs absorb some of these nutrients themselves, what s left in the soil
becomes available for producers

LEAVES DIE

PLANTS SUCH AND FALL TO

AS TREES TAKE THE GROUND

UP INORGANIC

NUTRIENTS FROM| & S DETRITIVOERS

THE SOIL << SUCH AS
EARTHWORMS

'BREAK APART
LEAF TISSUES

SAPROTROPHS SUCH AS
FUNG! AND BACTERIA
BREAK DOWN ORGANIC
MATTER AND RELEASE
INORGANIC NUTRIENTS

The cycling of nutrients in an ecosystem
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(’) Exam Tip .

Remember that while an ecosystem's supply of inorganic nutrients is finite, the
supply of energy from sunlight, although it may vary depending on weather conditions, is
usually continuous.The concept of nutrient cycling discussed here is separate to the
concept of energy flow covered elsewhere; the two ideas should not be confused
with each other.

Sustainability of Ecosystems

¢ Inafunctioning ecosystem, the elements thatliving organisms need are constantly
recycled

o Producers access inorganic nutrients from the abiotic environment and convert them
into organic molecules

o Consumers gain organic nutrients fromingesting the tissues of producers and other
consumers

o Detritivores and saprotrophs break down the organic molecules in deadtissues and
waste matter, making them available again to producers

e Providedthat the conditions areright and this cycling process continues, ecosystems can
be sustainable overlong periods of time
¢ |f nutrient cycling stops then an ecosystem can only be productive until the finite supply of
inorganic nutrients runs out
o Without the process of decomposition, nutrients remainlocked up in dead tissues
andcannotre-enterthe food chain

» Nutrient cyclingmight stop if environmental conditions become unsuitable for
decomposition

o Climate change might cause an ecosystem to become too dry for saprotrophs to
survive

o Harvesting ordeforestationremoves organic matter from the environment and
leaves nothing for saprotrophs to digest, meaning that the nutrients contained within
this organic matterare notrecycled backinto the ecosystem and areinstead
completely removed fromthe ecosystem
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l
Initial Source of Energy

The sunis theinitial (first) source of energy for most food chains
o Light energy from the sunis converted by producers into chemical energy storedin
thetissues of plants during the process of photosynthesis
o Chemical energy storedin the tissues of plants passes to primary consumers when
theyingest plants, and onto secondary consumers when the primary consumers are
themselvesingested

There are a few unusual exceptions, such as food chains locatedin deep sea volcanic vents
thatrely on bacteria gaining energy from chemical processes; these are chemoautotrophic
bacteria

Light Energy Conversion

Photosynthesis is the process of convertinglight energy into chemical energy
The photosynthetic pigment chlorophyllabsorbs light energy when sunlightlands on
photosynthesising parts of a plant
This light energy is used to power several processes which result in the production of
organic molecules, or carbon compounds, including:

o Glucose, whichis usedinrespiration orstoredin plant cells in the form of starch

o Lipids

o Amino acids

Hydrolysing these carbon compounds releases energy, so they can be said to contain
stored chemical energy

These carbon compounds are used by the plant to build plant tissues, meaning that the
energy storedin themis stored within the tissues of the plant
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Energy Flow Through Food Chains YOURNOTES

e Chemicalenergy, storedin carbon compounds in plant tissues, is passed to the primary {
consumer when the plantis ingested
o Theprimary consumer digests the plant tissues and absorbs the carbon compounds
containing stored chemical energy
o These carbon compounds can eitherbe usedto fuelrespiration or to build up animal
tissue, meaning that the stored chemical energy is transferred to the tissues of the
primary consumer

¢ When the primary consumeris ingested, the carbon compounds inits tissues, along with
their stored chemical energy, pass to the secondary consumer, and so on up the food
chain

¢ When an organism dies, the chemical energy storedin carbon compounds inits tissues
passes to detritivores and saprotrophs

¢ Inafoodchain, the arrows represent the transfer of energy, in the form of stored chemical
energy in carbon compounds, from one trophic level to the next, by the process of feeding

TROPHIC TROPHIC TROPHIC TROPHIC TROPHIC

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5

(PRODUCER) (PRIMARY (SECONDARY (TERTIARY (QUATERNARY
CONSUMER) CONSUMER) CONSUMER) CONSUMER)

Wty — A — 35, —
GRASS GRASSHOPPER FROG PYTHON

APEX PREDATOR %/'

Asimple food chain - the blue arrows show how the chemical energy originally stored by the
produceris transferred to other organisms in the food chain

(’) ExamTip

Don't forget that the arrows in a food chain orfood web represent the transfer of
chemical energy from one trophic level to the next through feeding.
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Energy Lost by Respiration YOURNOTES

e Thechemical energy storediningested carbon compounds can bereleased by the {
process of respiration
o The carbon compoundglucoseis the fuel forrespiration
o Othercarbon compounds such as lipids can be converted into glucose before being
respired

e Theenergy released during respiration can be used by organisms to carry out the functions
of life

o Metabolism - the enzyme-catalysedreactions taking placeinside cells

o Reproduction - the sexual orasexual production of offspring

o Homeostasis - the maintenance of internal conditions within tolerable limits

o Growth -increasingin size

= Notethat during growth some of the chemical energy in the carbon

compounds ingested by an organismis incorporated into the tissues of the
organism as it grows; this stored chemical energy canbe passed to the next
trophiclevelin the food chain

o Response - sensingandresponding to the environment
o Excretion - disposal of metabolic waste
o Nutrition - gaining energy and nutrients

¢ Theprocess of respiration alsoreleases heat as aby-product

Energy Conversions

e Theprocess of respirationin living organisms releases heat as aby-product
o This applies in producers, consumers, detritivores, and saprotrophs

e Livingorganisms cannot convert the heat energy thatis released as aby-product of
respirationinto any other form of energy

e This means that heat energy is lost from food chains at every trophic level, as well as during
decomposition

¢ This heat energy is ultimately lost to the environment

e Ecosystems have enough energy to be sustainable because energy is always entering
food chains via producers as they capture light energy fromthe sun

(") Exam Tip

¥ Becarefulwith yourlanguage when discussing energy. You should always describe
energy as beingreleased, stored, converted (from one form to another), or
transferred (e.g. lost to the environment), never as being produced, made, or
destroyed.
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Wasted Energy - Heat

e Theprocess of respirationin living organisms releases heat as aby-product
o This applies in producers, consumers, detritivores, and saprotrophs

¢ This heat energy is lost from ecosystems to the environment at every trophic level, and
during decomposition

HEAT ENERGY LOST
TO THE ENVIRONMENT

/7 11

RESPIRATION RESPIRATION
RELEASES RELEASES
HEAT HEAT

U

PRIMARY
CONSUMER

SECONDARY
CONSUMER

o] FEEDING [

LIGHT ENERGY
CONVERTED TO

@ S CramicaL eneroy v (PRODUCER) clFecona >
BY PHOTOSYNTHESIS

I

DECOMPOSITION OF
DEAD ORGANISMS
AND WASTE

DETRITIVORES

AND
SAPROTROPHS

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

¢ When a consumeringests another organism not all the chemical energy inthe consumer’s
foodis transferred to the consumer's tissues
o Only around 10% of the energy is available to the consumerto storein theirtissues
o Thisis because around 90% of the energy is lost to the environment
e Around 90% of the energy is lost to the environmentbecause
o Notevery part of thefood organismis eaten, e.g. theroots and woody parts of
plants orthe bones of animals, meaning that the chemical energy these uneaten
tissues containis lost to the environment
o Consumers are not able todigest all of the food they ingest, e.g. cellulose in plants, or
the furof animals, so someis egested as faeces; the chemical energy in this
undigested foodis also lost to the environment
o Energyislost to the environmentin the form of heat when consumers respire
o Energyislost to the environment when organisms excrete the waste products of
metabolisme.g.ureainurine
e Theenergy thatis left aftertheselossesis available to the consumer to fuel theirlife
functions, including being storedin carbon compounds in their tissues during growth

ENERGY LOST TO
ENVIRONMENT THROUGH
RESPIRATION AS HEAT

TOTAL ENERGY TAKEN IN
(CHEMICAL ENERGY IN
INGESTED FOOD)

ENERGY LOST TO
ENVIRONMENT DURING
EGESTION (PRODUCTION

LIFE FUNCTION OF FAECES)
AND STORAGE

IN TISSUES

ENERGY LOST TO
ENVIRONMENT DURING
EXCRETION (PRODUCTION
OF WASTE PRODUCTS
e.g. URINE)

NET PRODUCTION: THIS IS THE LEFTOVER
ENERGY THAT THE CONSUMER CAN STORE
AS NEW BIOMASS (NORMALLY ONLY AROUND
10%Z OF THE TOTAL ENERGY TAKEN IN)

Energy is lost from the food chain as heat during respiration, due toincomplete digestion,
and through excretion of the waste products of metabolism. Remaining energy fuels the
organism’s life processes or is storedin carbon compounds in the tissues.

NOS: Use theories to explain natural phenomena; the concept of energy
flow explains the limited length of food chains

e Scientists can gatherinformation about the world by observing events, orphenomena,
before formulating theories that seek to explain those events
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¢ Inthecase of foodchains: YOURNOTES
o Scientists observe that food chains are short and have a pyramid structure 1
o Theories of energy flow and energy losses can provide an explanation forthese
phenomena

¢ Food chains arelimitedinlength
o Foodchainsrarely have more than around four or five trophic levels; this is because
with energy losses at each trophic level, thereis less and less energy available to the
consumer as you go up the food chain
o When afood chain gets longerthan four or five trophic levels it becomes too difficult
fora predatorto huntenough prey to gain the energy to survive

* Biomass decreases with each trophiclevel

o Becauseonly around10% of the energy storedin a producer's tissues is available to a
primary consumer, primary consumers needs to consume alarge amount of plant
biomass to gain enough energy to survive

o Again, only around 10% of the energy storedin a primary consumer's tissues is
available to a secondary consumer, meaning that secondary consumers need to
consume alarge amount of prey biomass to gain enough energy to survive

o Thisleads to alargereductionin biomass at each trophic leveland means that when
representedin terms of biomass, food chains have a pyramid structure
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SPARROWHAWK e \

TERTIARY CONSUMER

SECONDARY  CONSUMER

f

Gy

PRIMARY CONSUMER

| PRODUCER

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.

(") ExamTip

¥ Makesurethat you know the different ways that energy can be lost from a food
chain and thatyou can explain the effects that these losses have on food chain
structure.Be careful not to mix up pyramids of biomass with pyramids of energy.
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Identification of Trophic Level

Classifying species as autotrophs, consumers, detritivores, or saprotrophs

¢ Aspecies canbeclassifiedas an autotroph, consumer, detritivore, or saprotroph on the
basis of its mode of nutrition

Autotrophs

¢ Anautotroph synthesises, orproduces, its own organic molecules from simple inorganic
substances inits environment

o Photosynthetic organisms uselight energy to convert carbon dioxide from the air
into organic molecules such as carbohydrates

o Some autotrophs use energy from the oxidation of inorganic compounds instead of
light energy

o Autotrophs thatuselight energy are known as photoautotrophs, while those thatuse
energy from oxidation of chemicals are known as chemoautotrophs

¢ Becauseautotrophs make theirown organic molecules without relying on other organisms,
they areknown as producers
e Mostgreenplants are autotrophs, with few exceptions
o Someunusual plants are parasitic, gaining their nutrients from the roots of host plants,
orvia networks of fungiin the soil

Heterotrophs

¢ Heterotrophic organisms gain their organic molecules from other organisms
e There are several types of heterotroph, including consumers, detritivores, and
saprotrophs

Consumers

e Consumers gain their organic molecules by ingesting the tissues of otherliving orrecently
dead organisms

e Theconsumers that eat plants are known as herbivores, and are the primary consumers in
afoodchain

e Theconsumers that eat otheranimals are carnivores, and those that eat the primary
consumers are secondary consumers

e Carnivores that eat secondary consumers are tertiary consumers

Detritivores

¢ Detritivores gain organic molecules by ingesting the tissues of dead organisms or
ingesting animal waste

o Detritivores digest their foodinside their bodies

o Examples of detritivores include earthworms, woodlice and dung beetles

Saprotrophs

¢ Saprotrophs also gain their organic molecules from dead matter, but they digest their
food externally
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e Saprotrophic organisms secrete enzymes onto dead matter, and these enzymes break YOURNOTES
down the food before nutrients are absorbed 1
e Saprotrophs include fungiandbacteria

Classifying Species as Autotrophs, Consumers, Detritivores, or Saprotroph Table

Species Method of gaining organic molecules Mode of nutrition

Common pin mould Secretion of multiple enzymes onto dead Saprotrophic
plant material

Common nettle Conversion of carbon dioxide from the air Autotrophic
into carbon compounds using light energy

Barn owl Hunts and eats small rodents Consumer
(secondary)
White legged snake | Ingests dead plant matter Detritivore
millipede
Roe deer Feeds on grass, leaves, and berries Consumer (primary)
(") Exam Tip
-

The two main modes of nutrition are autotrophism and heterotrophism, and within
those modes are different types e.g. a heterotroph can be a consumer, a detritivore,
ora saprotroph depending on its food source andits method of digestion
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Practical 5: Mesocosm - Sustainable Ecosystem

Reasons for building mesocosms

¢ Amesocosmis an experimental containerin which a naturally occurring ecosystemis
simulated
e Mesocosms can beusedtostudy theresponse of an ecosystemto changes in specific
factors such as nutrient andlightlevels
¢ Unlike areal ecosystem,itis possiblein amesocosm to control all of the factors other
thanthe variable being studied
¢ Mesocosms can be setupin many different ways formany purposes
o Watertanks can besetuponlandto study the effect of sewage pollution on ponds or
lakes
o Underwaterenclosures canbe builtin coastal waters or lakes to study the effect of
temperature change ordissolved carbon dioxide on ocean ecosystems
o Trees canbeplantedinlarge greenhouse-like buildings to replicate a rainforest to
investigate the passage of carbon through this ecosystem

¢ Mesocosm experiments can be considered unrealistic due to theirenclosed nature and
thelevel of control that can be achieved
o Realismcanbeimproved by designinglarge mesocosms that share more of the
features of areal ecosystem e.g. enabling mixing of layers of waterin alarge ocean
mesocosm

Buildingamesocosmin thelab

e |tis possible to build smallmesocosmsin thelaboratory
e Factorstoconsider:
o The containershould be transparent to enable sunlight toreach producers inside the
mesocosm
o Autotrophs shouldbeincluded so thatlight energy can be convertedinto chemical
energy inside the mesocosm
o Smallprimary consumers such as zooplankton or other smallinvertebrates could be
included, butitis important to considerwhetherthe mesocosmis likely to be large
enough to support them
o Donotinclude secondary consumers ina mesocosm because there willnot be
enough energy in the food chain to sustain them forlong, andit could be considered
unethical to allow the primary consumers to be eaten in this way

e Mesocosms canbesetupas opensystems,i.e. withouta lid, but sealed systems are more
controlled, and therefore more useful for experimental purposes
o Sealedsystems prevent organisms and substances from entering orleaving

¢ Inthelab,amesocosm canbesetupandthen aknown factorcanbealtered to assessits
effect
o E.g.differentlight levels, differenttemperatures etc.

e Inordertoassess theimpactof changingonefactor, a control mesocosm mustbe setup
atthesametime
o Acontrolmesocosm will be exactly the same as the experimental mesocosm, but the
altered variable will not be changed
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o Thepurpose of this is to demonstrate that any changein the mesocosmis due to the
altered factor and not another factor

Terrestrialmesocosm

Place drainage material such as gravelin the bottom of a clear container

Add alayer of charcoal on top of the drainage layer; this can help to prevent the growth of

mould

Place alayer of sphagnum moss or filter paper on top of the charcoal to provide

separation between the baselayers and the organic matterabove

Add a layer of soil orcompost above the separation layer; this provides organic material

and micro-organisms to aid with nutrient cycling

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

Water the growth medium before sealing the containerwith a lid

o Themesocosm may need watering while it establishes, but avoid excessive watering;

once the mesocosm has stabilised, the plants should release enough watervapour
duringrespiration to maintain moisture levels

Place the containerin alightlocation, and ensure that the temperatureis stable

Aquatic mesocosm

The baselayer of the mesocosm should consist of organic substrate from the bottom of a
lake or pond; this will provide naturally occurring nutrients and microorganisms

Addlake or pond water; this ensures that it contains the required microscopic organisms
and avoids chemicals from tap water

Add healthy aquatic plants to produce carbohydrates and oxygenate the water
Smallaquatic organisms such as water fleas orwater snails can be added, but not more
organisms than the size of mesocosm can support

Placethe containerin alightlocation, and ensure thatthe temperatureis stable

TERRESTRIAL MESOCOSM AQUATIC MESOCOSM

oLID s

SOIL FROM
POND

Building a terrestrial or aquatic mesocosm
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Chi-squared Test for Association

Looking for associations between species

e Thedistribution of species in a habitatis rarely random; it usually depends on factors such
as soil type, water availability, and competition

e |tis sometimes possible to observe an association between the distributions of different
species within a habitat, e.g.

o Species thatarein a symbiotic relationship are likely to be found next to each other;
wewould say thatthereis a positive association between the distributions of these
two species

o Species that arein direct competition forthe sameresources will exclude each other
from theirimmediate surroundings, and so are likely to be found in different parts of a
habitat; there might be a negative association between the distributions of these
two species

¢ |f species have nointeractionwith each other, then there willbe no associationbetween
their distributions, and any that appears to occurwillbe due to chance
o Wewouldsay that such species have distributions that areindependent of each other

¢ Random sampling with quadrats, along with a statistical test called the chi-squared
test, canbeusedtotestforanassociation betweentwo species

Using quadrats to study the distribution of species

¢ Aquadratis a square frame thatis placed within the area to be studied to provide a sample
o Quadrats are usedto study the distribution of sessile organisms
o Quadrats can be different sizes depending on the species being studied
= Alm2quadratcanbeusedto study small organisms such as herbaceous plantsin
agrasslandorlimpets on arocky shore
= A400 m2quadrat can beusedto study large organisms such as trees (quadrats
like this willusually be marked out with string ratherthan a framel!)

o Scientists canrecord different types of data from a quadrat depending on the aim of
a study andthe species involved

= Presence or absence of a species

= Species frequency; how many individuals arein the quadrat

= Species abundance; measuredon ascale called the ACFOR scale on which
species arerecorded as being abundant, common, frequent, occasional, rare, or
none

= Percentage cover; the percentage of the quadrat covered by a species

o Quadrats can bedivided up into smaller squares to allow percentage coverto be
assessed more easily

¢ Theuseof quadrats enables researchers to obtain data thatis arepresentative sample for
the habitat being studied

o Oftenanareabeingstudiedis very large anditis impractical torecord data across an
entire habitat, so quadrats provide small samples that represent the whole habitat
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e Forasampletoberepresentative,itneeds tobe:
o Largeenough; thelargerand more diverse a habitat, the more quadrats need to be
used
o Random; this avoids bias e.g. when a student decides to place theirquadratsin a
particular place becauseitlooks moreinteresting

¢ Randomness can be achieved by dividing a habitat up into grid squares and then using a
random number generator to decide where to place each quadrat

Random sampling with quadrats can be usedto study the distribution of organisms

The chi-squared test

o Astatisticaltest called the chi-squared test determines whether there is a significant
difference between the observed and expected results in an experiment
o Its purposeis to assess whetherany difference in theseresults is due to chance, or
duetoanassociation between the variables being tested

e Achi-squaredtestcanbeusedtoanalyse data from quadrat sampling to determine
whetherornot thereis a statistically significant association between the distributions of
two species

o Totheeyethere may appeartobe anassociation between the two species, butifitis
not statistically significant then researchers can conclude that species distributions
areindependent of each other,and any appearance of association is due to chance

o Ifanassociationis statistically significant thenit mustbe due to animportant factor,
such as a symbiotic relationship

¢ Achi-squaredtestenables scientists to testhypotheses
o Ahypothesisis a testable statement about the expected outcome of an experiment
o There aretwo types of hypothesis:
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= Anull hypothesis states that thereis no significant difference, or association,
between data sets e.g. that thereis no association between the distributions of
two species

= Analternative hypothesis states that thereis a significant difference, or
association, between data sets e.g. that thereis an association (either positive or
negative) between the distributions of two species

e Theresultof achi-squaredtest enables scientists to eitheraccept orreject a null
hypothesis

Using the chi-squared test to test for association

e Stepl:Constructacontingency table foryourresults
o This allows the number of quadrats that contain one, both, or neither species to be
recorded

e Step2:Calculate therow, column, and overall totals foryour contingency table
e Step 3: Calculate the expected values (E) foryourtable
o Theresults recordedin the contingency table are the observed values (O); to
calculate the chi-squared value we need to calculate the expected values for each
data point.
o The expectedyvalues are what we would expect to seeif the null hypothesis were
correct
o Notethatthisis the first step towards calculating the chi-squared value, the equation

forwhichis:
(O-E)?
2

Y=sumof O=observedvalue E=expectedvalue

¢ Step 4. Calculate the difference between the observed and expectedvalues
o Subtractthe expectedvalues from the observedvalues (O - E); some of theresulting
values willbe negative

e Step5:Square each difference
= This eliminates negative values

e Step 6: Divide each squared difference by the expectedvalue
e Step7:Addall of theresults from step 6 together
o This gives the chi-squared value

e Step 8:Calculatethe degrees of freedom
e Step 9:Establish a probability level orp-value
o As biologists, we work with a probability level of 0.05, or5%
o This means thatwe canbe 95% certain that any significant difference orassociationis
not due to chance
o Some studies require a higherlevel of certainty than this e.g. medical researchers may
use a smallerp-value

¢ Step10:Useacritical values table and the results of steps 8-9 to find the critical value
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o Inordertounderstandwhat the chi-squared value says about the data, a tablerelating
chi-squaredvalues to probability is needed; this critical values table displays the
probabilities that the differences between expected and observedvalues are due to
chance

e Step11l: Compare the chi-squaredvalue with the critical value to assess the significance

*> Worked Example

Aresearcherdecidedto testforan association between the distribution of two
types of mollusc on arocky shore; limpets and dogwhelks. Their null hypothesis
was that there was no association between the distributions of limpets and dog
whelks.They carried out 50 randomly placed quadrat samples on the rocky shore,
recording eitherthe presence orthe absence of both limpets and dog whelks in
each quadrat.They obtained the following results:

¢ Quadrats containinglimpets only: 14

¢ Quadrats containing dogwhelks only: 21

¢ Quadrats containing both limpets and dog whelks: 7
¢ Quadrats containing neitherlimpets nordogwhelks: 8

Usethechi-squaredtest to determine whetherornot thereis a statistically
significant association between the distributions of limpets and dog whelks.

Step 1: Construct a contingency table

Contingency Table

Limpets present  Limpets absent

Dog whelks present 7 21

Dog whelks absent 14 3

Step 2: Calculate therow, column, and overall totals for your contingency table

Contingency Table

Limpets present  Limpets absent Row total

Dog whelks present 7 21 28

Dog whelks absent 14 8 22

Column total 21 29 50
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Step 3: Calculate the expected values
The equation forworking out the expectedvaluesiis:

row total x column total
overall total

E.g.to calculate the expectedvalue forthe category in which both dog whelks andlimpets are

present:
28 x 21 _11.76
50

Step 4: Calculate the difference between the observed and expected values
O=7
E=11.76

7-M76=-4.76
Step 5: Square each difference

-4.762=22.66
Step 6: Divide each squared difference by the expected value

22.66+11.76 =1.93

Repeat steps 3-6 forall of the results in the contingency table

Chi-squared Working Out Table

O-E (0-E¥*  (0O-E)Y/E
Limpets only 14 0.24 4.76 22.66 2.45
Dog whelks 21 16.24 4.76 22.66 1.4
only
Both dog 7 11.76 —4.76 22.66 1.93
whelks and
limpets
Neither dog 8 2576 —-4.76 22.66 1.78
whelks nor
limpets

Step 7: Add all of theresults from step 6 together to obtain the chi-squared value
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2.45+1.4+1.93+1.78 =7.56 (this is the chi-squared value) YOURNOTES
Step 8: Calculate the degrees of freedom !
Degrees of freedom can be calculated using the following equation:
Degrees of freedom = (number of columns - 1) x (number of rows - 1)
Columns androws refer to the original contingency table.
In this example, there are 2 columns and 2 rows in the contingency table
Degrees of freedom =(2-T)x(2-1)
=1x1
=1
Step 9: Determine the probability level
As biologists, we work at a probability of 0.05, or5%
Step 10: Use acritical values table and the results of steps 8-9 to find the critical value

Chi-squared Critical Values Table

Probability that the difference
between observed and expected
results is due to chance

Degrees of

freedom 0.1 0.05 0.01 0.001
1 2.7 3.84 6.64 10.83
2 4.60 5.99 9.24 13.82
3 G525 782 11.34 16.27
& 7.78 9.49 1328 18.46

With degrees of freedom as 1, and a probability level of 0.05, the critical value can beread
fromthetableas 3.84

Step 11: Compare the chi-squared value with the critical value to assess significance

The chi-squaredvalue of 7.56is larger than the critical value of 3.84
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This means that thereis a significant association between the two species (see section below YOURNOTES
on statistical significance) 1
(f) Exam Tip
-

When calculating a chi-squaredvalue it is very helpful to create a table like the one
seenin the worked example. This will help you with your calculations and make sure
you don’tget muddled up!

Statistical Significance

¢ Thechi-squared value, once calculated, can be comparedto a critical value; this allows
statistical significance to be assessed
» Ifthechi-squaredvalueis larger than the critical value, there s a statistically significant
difference between observed and expectedvalues, or a statistically significant
association between two sets of results
o Inthis case, the null hypothesis can berejected

» |fthe chi-squaredvalueis equal to or smaller than the critical value, there is no statistically
significant difference between observed and expectedvalues, orno statistically
significant association between two sets of results

o Inthis case, the null hypothesis can be accepted

¢ Todetermine the critical value biologists generally use a probability level, or p-value, of 0.05, or
5%
o This means thatif a difference orassociation is shown to be statistically significant at
thislevel, thereis only a 5% probability (i.e. probability = 0.05) that this result
might be due to chance
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YOURNOTES

!
Pyramids of Energy

Pyramids of energy illustrate the amount of energy contained within the biomass of
organisms at each trophic level
Thelength of each box, orbar, represents the quantity of energy present
o Pyramids of energy should be drawnto scale so that each baris proportional in size
totheamount of energy thatitrepresents
o Insomesituations, however, a pyramid of energy may be an approximate sketch
where each baris arough representation of the energy contained

These pyramids are always widest at the base and decreasein size as they goup
o Thebaseis wide due to thelarge amount of energy contained within the biomass of
producers

Pyramids of energy show a stepped decrease in the energy contained at each level of the
food chainratherthan appearing as pyramid with smooth sides
Thelevels of a pyramid of energy should be labelled producer, first consumer, second
consumer, andsoon
The units used should be the amount of energy, per unit area, peryeare.g. k) m-2year’!
As you move up the pyramid to highertrophic levels, the quantity of energy decreases as
not all energy is transferred to the biomass of the next trophic level (roughly 10 % of the
energy is passedon)
Energyislostat each trophiclevel due to

o Incomplete consumption

o Incomplete digestion
Loss of heat energy to the environment during respiration
Excretion of the waste products of metabolism e.g. carbon dioxide, water,and urea

o]

(e}

As aresult of this, the biomass at each trophic level will also decrease as energy availability
decreases
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YOURNOTES
l
TERTIARY ] L
CONSUMERS 10 kJ m-2 YEAR
SECONDARY .
CONSUMERS 6 100 kJ m-2 YEAR
PRIMARY ] )
CONSUMERS @ 1000 kJ m-2 YEAR
PRODUCERS M 10 000 kJ m-2 YEAR™

The energy storedin the biomass of organisms can be represented by a pyramid of energy

(’) ExamTip
* Remember that pyramids of energy should be drawn to scale and the units used
should be the amount of energy, per unit area, peryear e.g. k) m—2year™!
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CarbonFixation

e Carbonis presentinthe atmosphere in the form of carbon dioxide gas
e Carbonis taken out of the atmosphere by plants to be usedin photosynthesis
¢ Plants are autotrophs
¢ Autotrophs uselight energy to convert carbon dioxide from the environmentinto carbon
compounds, such as:
o Carbohydrates
o Lipids
o Amino acids

¢ Thisreduces the amount of carbon presentin the atmosphere and stores itin the tissues of
plants

Carbon Dioxide in Solution

* Where the atmosphere comes into contact with bodies of water, carbon dioxide in the
atmosphere can dissolve in water
o The oceans are thought to store significantly more carbon than the atmosphere

e Someof the carboninaquatic systems s in the form of dissolved carbon dioxide
e Somedissolved carbon dioxide reacts with waterto form carbonic acid, (H,CO3z), which
then dissociates to produce hydrogen carbonateions (HCOz"),and hydrogen (H*)ions
o H*ionsinthewatercauseit to become more acidic; as more carbon dioxide dissolves
inthe oceans, the pH of the oceans decreases and this can cause problems forsome
marine organisms

¢ Aquaticproducers (such as aquatic plants and phytoplankton) can absorb dissolved
carbondioxide and hydrogen carbonateions for photosynthesis, using light energy from
the sun to convert this carbon into other carbon compounds such as carbohydrates

CO, GAS
4 AIR

DISSOLVING WATER

(DISSOLVED) CO, + H,0 —= H,CO, (CARBONIC ACID)

!

(HYDROGEN IONS) H" + HCO, (HYDROGEN CARBONATE IONS)

Carbonis presentin waterin the form of dissolved carbon dioxide and hydrogen carbonate
ions
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CarbonDioxide & Coral Reefs

e Theimpactofincreasing carbon dioxide levels on the atmosphereis wellknown; itis a
greenhouse gas and therefore increases the warming of the atmosphere as its
atmospheric concentrationincreases

¢ Theimpactofincreasing carbon dioxide levels on the oceans are less well-understood by
the public, but could be significant for ocean biodiversity because of the effect of carbon
dioxide on ocean chemistry

o Huge amounts of carbon dioxide are dissolved by the oceans, and much of the
dissolved carbon dioxide reacts with seawater to form carbonic acid (H,CO3)

C02+ Hzo > H2C03

o Carbonic acidthen dissociates to form hydrogenions (H*) and hydrogen carbonate
ions (HCOz3")

H,CO3>H*+HCOs3"

o Hydrogen carbonateions can then dissociate again to form more hydrogenions and
carbonateions (CO3z2")

HCOz >H*+COz2

¢ Providedthatthis series of reactions takes place at the appropriaterate, the oceans remain
slightly alkaline, and thereis a steady supply of carbonateions for organisms that need
them
o Many marine organisms need carbonateions in order to secrete calcium carbonate
forthe building of the hard parts of theirbodies
= Molluscs such as mussels and clams build their shells from calcium carbonate
= Coralis made up of many tiny organisms called coral polyps which secrete hard
exoskeletons built from calcium carbonate; these exoskeletons form the
complexstructures of corals which are a key part of coral reef ecosystems

e However, as atmospheric carbon dioxide levels increase, so too does the amount of
carbon dioxide that dissolves in the oceans

¢ As more carbon dioxide dissolves, more carbonic acid forms and dissociates, and more
hydrogen carbonateions form and dissociate, the endresult of which is increasing
numbers of hydrogenions in a seawater solution

e Increasing concentrations of hydrogenions in solution cause that solution tobecome
more acidic; in this case the process is known as ocean acidification

o Notethatthe oceans are still alkaline, but the pH has decreased, so they are closerto
neutral

¢ There are significant consequences to ocean acidification
o The calcium carbonate exoskeletons of, e.g. corals, can be weakened and even
dissolve
o Thereaction during which hydrogen carbonateions dissociate to form hydrogenions
and carbonateions reverses to bufferthe increasing number of hydrogenions,
reducing the availability of carbonateions for the building of hard exoskeletons

H*+ CO32_9 HCOg_
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¢ When the effects of ocean acidification are combined with coral bleaching that results
fromwarming oceans, the consequences for coralreefs could be very serious
o With coralreefs thoughtto be the most diverse ecosystem we know, this could be bad
news for oceanbiodiversity

ATMOSPHERIC

CARBON DIOXIDE

CALCIUM CARBONATE SHELLS

©
f 7 @5@3\3@\//
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ﬂ N @ V 9
DISSOLVED CARBONIC © ©) HYDROGEN
CARBON DIOXIDE| |WATER ACID ’S) ; © \ IONS
o |co,| 4 [H0]| = [Hco, ‘
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HYDROGEN

CARBONATE IONS

IONS

THIS REACTION REVERSES TO BUFFER pH CHANGE —
THIS REDUCES HYDROGEN IONS, BUT ALSO :
AVAILABILITY OF CARBONATE IONS

Increased atmospheric carbon dioxide increases the number of hydrogenions in seawater,

(") Exam Tip

andreduces the availability of carbonateions

Note that while ocean acidification shares the same cause as global warming
(increased atmospheric carbon dioxide), itis not a direct result of global warming.
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CarbonDioxide Absorption

Autotrophs absorb carbon dioxide from their surroundings (either air or water) before
convertingitinto carbon compounds in their tissues

This absorption takes place by diffusioninto the leaves of plants

Carbon dioxide diffuses down its concentration gradient from a region of high
concentration (outside theleaves) to a region of low concentration (inside leaves)

o Thecellsinsideleaves use carbon dioxide in photosynthesis so the concentrationis

always low inside the photosynthesising cells, maintaining the concentration

gradient

This diffusion takes place through the stomata of land plants, and directly into the cells of

aquatic plants
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Carbon dioxide diffuses into the leaves of plants down its concentration gradient
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Respiration & Carbon Dioxide

¢ Allliving cells carry out some form of cellularrespiration, from bacteria, to plants, to animals

e Many organisms carry out aerobicrespiration

¢ Aerobicrespiration requires the uptake of oxygen and produces carbondioxide as a
waste product

AEROBIC RESPIRATION

b

CARBON
GLUCOSE | 4+ | OXYGEN > Sioxine | T+ | WATER

#Fsavemyexams

Aerobic respiration produces carbon dioxide as a waste product

e Because carbon dioxide is being constantly producedinside cells, a concentration
gradient between the inside and the outside of cells is maintained
o Carbon dioxide leaves cells by diffusion

¢ This carbon dioxideis eventually released into the environment; either air or water
o Single-celled organisms release carbon dioxide by diffusion at the cell surface
o Terrestrial plants release carbon dioxide by diffusion from their stomata into the
surrounding air
o Animals release carbon dioxide into the surrounding air or water by diffusion via their
gas exchangesurfaces e.g.mammalianlungs or fish gills
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Fluctuationsin Carbon Dioxide Levels YOURNOTES

NOS: Making accurate, quantitative measurements;itisimportant to {
obtainreliable data on the concentration of carbon dioxide and methanein
the atmosphere

e Theamount of carbonin the atmosphereis constantly changing due to seasonal
fluctuations inrates of photosynthesis and due to human activities

o Photosynthesis removes carbon dioxide from the atmosphere, meaning that
atmospheric carbon dioxidelevels decrease in whicheverhemisphereis
experiencing spring and summer

o The combustion of fossil fuels by humans releases carbon dioxide into the
atmosphere

o Livestocksuch as cattlerelease methaneinto the atmosphere

e Both carbon dioxide and methane gases contribute to atmospheric carbon levels, and
both of these gases haveimportantimpacts on the planet
o Carbondioxideinfluences the pH of seawater and the process of photosynthesis,
andboth carbon dioxide and methane influence global temperatures

¢ Because of the significance of the effects of these gases, itis important to accurately
monitor theirconcentrations in the atmosphere
o Quantitative atmospheric measurements can be taken
o Accurate, quantitative monitoring over a long period of time enables scientists to
identify trends, and test hypotheses
= E.g.Scientists have hypotheses such as:
= |ncreasedatmospheric carbon dioxide is due to human activities
= |ncreased carbon dioxide causes increasing global temperatures

= Dataenables scientists to see thatlevels of atmospheric carbon haveincreased
inline with human burning of fossil fuels, and thatincreasing atmospheric carbon
levels correspond with increasing global temperatures

o Quantitative data enables scientists to make predictions
= Fg

= Studyingthe connection between atmospheric carbon levels and global
temperatures enables scientists to predict the level ofimpact of therelease
of specific amounts of carbon into the atmosphere

= Understanding theimpact of global photosynthesis rates on atmospheric
carbon levels means that scientists can accurately predict theimpact of
projects such as large-scale tree planting and rewilding

o Statistical analysis can be carried out on quantitative data, enabling statistical
significance to be established
= E.g, scientists canbe sure that current carbon dioxide levels are significantly
higher than they would have been without the combustion of fossil fuels

e Scientists from the World Meteorological Organisation andresearch stations (e.g. the
Mauna Loa Observatory) have been taking quantitative measurements of the
atmospheric carbon dioxide and methane concentrations formany years
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= Scientists haverecords for carbon dioxide levels datingback to 1958, and for YOURNOTES
methanelevels from 1984 l

o ltis possible forscientists to findinformation about concentrations of atmospheric
gases over alonger period of time by analysing gas bubbles from deepice cores
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Changes in atmospheric carbon dioxide levels measured at the Mauna Loa Observatory
(ppmv = parts per million by volume). The yearly fluctuations showninredare due to
seasonal changes in photosynthesis rates.

Combustion

e Carboncanbereturnedto the atmosphere by the burning of fossil fuels and organic
material; a process known as combustion
o Complete combustion releases carbon dioxide and water as byproducts

¢ Fossil fuels form when animals and plants die in conditions where decomposing
microorganisms are not present; the carbon in theirbodies is converted, over millions of
years and with significant pressure, into fossil fuels such as coaland oil
o The combustion of fossil fuels releases carbon that has been stored for millions of
years
o Increased use of fossil fuels is contributingto anincreasein the carbon dioxide
content of the atmosphere

» Organic material, orbiomass, burns when fires occurin e.g. forests or grasslands
o Such fires can have natural causes e.g. lightning hitting hot, dry ground, orcan be set
by humans e.g. when clearingland for the purpose of farming
o Biomass canalsobeburnedas a fueline.g. wood fires orbiomass boilers
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YOURNOTES

l
Methanogenesis

e Methane(CH,)is a simple hydrocarbon
e |tis presentas agasintheatmosphere, andunderground, andis the main component of
natural gas fossil fuel
¢ Methane can be produced by the naturally occurring process known as
methanogenesis by organisms known as methanogens
o Before methanogenesis can occur, a series of bacteria convert organic matterintoa
compound called acetate, as well as carbon dioxide and hydrogen
o Agroup of single-celled organisms called archaeans then carry out methanogenesis
via two different mechanisms:

COy+4Hy>CH4+2H,0
CH3COOH > CH4 + C02
o CH3zCOOHis acetic acid, acompoundthat can be formed from acetate

¢ Archaeans carry outmethanogenesis in arange of environments
o Waterlogged mud
= E.g.innaturally occurring wetlands, orin man-maderice fields

o The guts of ruminant mammals such as cattle
o Landfill sites containing organic mattersuch as food waste
o Anaerobicdigesters usedforthe break down of organic waste

e Dependingon thelocation of methanogenesis, the methaneis eitherreleased directly
into the atmosphere orinto the surrounding soil
o Methane canaccumulatein the ground, butit can gradually makeits way to the
surfacewhereitis releasedinto the atmosphere

¢ Human activities such as livestock farming and landfill disposal of waste food are leading
toanincreaseintherelease of methaneinto the atmosphere
o Notethatanaerobic digesters are sealed units for the production of biogas, and the
methane producedis collected and used forfuel

(') Exam Tip

¥ Note thatyou don'tneedto know the chemical processes by which methaneis
produced. Make sure that you know that methane is produced by methanogenic
archaeans andreleasedinto the atmosphere orinto underground stores.
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Oxidation of Methane YOURNOTES

¢ Thelifetime of methane gas onceitreaches the atmosphereis around10-12 years {
e Thisis because methaneis oxidisedin the atmosphere
o This oxidation involves areaction with molecules called hydroxyl radicals (-OH)
= Hydroxylradicals are highly reactive molecules that formin the presence of
sunlight from other gases in the atmosphere e.g. nitrous oxides

o Hydroxylradicals react with methanein a series of reactions that produce carbon
dioxide and water

¢ Methane oxidation keeps levels of methane in the atmosphererelatively constant
o Recentincreasesin atmospheric methane haveled to concern thatlevels of hydoxyl
radicals in the atmosphere may be declining
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YOURNOTES

l
Formation of Peat

e Undernormal conditions the tissues of dead organisms are completely broken down by
decomposers known as saprotrophs and detritivores

¢ These decomposers require specific conditions, such as oxygen availability and the
correct pH

¢ |f groundis waterlogged oracidic, most decomposers cannot survive, and only partial
decomposition takes place

o Waterlogging occurs when levels of rainfall exceed levels of evaporation
= When groundis waterlogged, the airspaces in the soilis filled with water, and the
conditions become anaerobic

o Low pH canoccurduetomineralleaching, acidic bedrock, bacterial activity, and the
growth of certain types of plant

e Underwaterlogged and acidic conditions partly decomposed organic material, such as
dead plant matter, accumulates, and becomes compacted underits own weight over
time; this compacted, partially decomposed plant matter forms peat

o Theplacewhere peataccumulatesis known as a peatbog, orpeatland
o Therearevarious types of peatbog e.g. blanket bog andraised bog, depending on the
landscape and conditions in which it forms

e Thecarboncompounds in plant material are trappedin peat
o Overmillions of years, peat can develop into the fossil fuels coal, oil, ornatural gas

e Peatis consideredto be avaluableresource, and diggingup peatbogs hasbeena
common practice
o Peatcanbeburnedas a fuel due toits carbon content
o Thehigh nutrient content of peat means thatitis often usedin compost

e Theimportance of peat bogs as a carbon store andunique, biodiverse, habitatis now
betterunderstood, and many people work to protect andrestore peatbogs

(") Exam Tip
¥  Makesure you know that peat is formed from partly decomposed plant matter that
results from acidic and waterlogged (anaerobic) conditions.

Page 45 of 62

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Fossilisation

¢ |fanimals and plants die in acidic oranaerobic conditions then complete decomposition
cannot take place
o Micro-organisms that carry out decomposition cannot survive in acidic or anaerobic
conditions

¢ Thecarboninremainingtissues can be convertedinto fossil fuels over millions of years
o This means that carbon takeninto the tissues of living organisms during past
geological eras is locked upin fossil fuels

* Coalforms when peat (see above) that forms in acidic and anaerobic conditions is buried,
compressed, andheated e.g. afterarisein sealevels

PLANTS THAT DIE IN PEAT |S BURIED
ANCIENT WETLANDS UNDER LAYERS OF
ARE ONLY PARTIALLY SEDIMENT DUE TO
DECOMPOSED DUE TO RISING SEA LEVELS. AFTER MILLIONS
ANAEROBIC AND ACIDIC THE BURIED PEAT OF YEARS OF HEAT
CONDITIONS, FORMING IS SUBJECTED TO AND PRESSURE,
PEAT HEAT AND PRESSURE COAL IS FORMED
O w
Z o
o
it —ROCK-AND-SO—
SN 5 -
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Formation of coal from peat

¢ Oil and natural gas formin anaerobic conditions atthe bottom of seas and lakes when
aquatic organisms die and are covered by layers of sediment, and are then compressed
andheated.
o Natural gas forms deposits in porous rock when surrounding non-porous rock
prevents it from escaping to the surface
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Formation of oil and gas from the bodies of aquatic organisms

When fossil fuels are burned (the process is known as combustion), the carbon combines
with oxygen and carbon dioxideis released into the atmosphere

Increased use of fossil fuels is contributingto anincrease in the carbon dioxide content of
the atmosphere

Limestone Formation

Many marine (sea-living) organisms extract carbon from their surroundings in order to
produce calcium carbonate, from which they build certain body parts. Forexample:

o Theshells of molluscs (e.g. mussels and clams)

o Thehardbodies (exoskeletons) of corals

When these organisms die, the soft parts of theirbodies are broken down by
decomposers, but their calcium carbonate outer shells remain and fall to the seafloor
Thelayers of sediment that form on the seafloorarerich in the calcium carbonate shells of
marine organisms, and as the layers are compacted with theirown weight and that of the
sea abovethem, they harden, andlimestoneis formed

The carbonin the hard shells of these marine organisms is locked up in limestonerocks e.g.
chalk

Ocean acidification can cause the calcium carbonate shells of marine organisms to
dissolve, releasing this carbon backinto the surrounding water
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YOURNOTES

l
The Main Greenhouse Gases

When radiation from the sun hits the earth, itis radiated back from the earth's surface as
long-waveradiation
Agreenhouse gasis a gas that absorbs this re-radiated radiation, trappingitin the earth's
atmosphere sothatitis notlosttospace
o Greenhouse gases inthe atmosphere have a similareffecttotheglassina
greenhouse, hence the term greenhouse gas, and their effect beingknown as the
greenhouse effect

The greenhouse effectis important to ensure that Earth is warm enough for life; if it were
notfortheinsulating effects of greenhouse gases, Earth would see similardramatic
temperature fluctuations toits neighbouring planets

o Temperatures on Mars range between 20°C and-153°C

There are many greenhouse gases, and those that contribute most to the greenhouse
effectare:

o Watervapour

o Carbondioxide

Watervapourenters the atmosphere when it evaporates from the surface of the oceans,
andwhenitis released by transpiration

Carbon dioxide enters the atmosphere when living organisms respire, or when organic
matter or fossil fuels are burned
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Other Greenhouse Gases YOURNOTES
l

* While watervapourand carbon dioxide are the greenhouse gases with the most significant
impact on the greenhouse effect, there are various other greenhouse gases which have a
lessereffect, e.q.

o Methane
o Nitrous oxides

e Methaneisreleasedby:
o Methanogenic bacteria when they break down organic waste
= Methanogenic bacteria carry out methanogenesis in anaerobic environments
such as waterlogged ground and landfill sites, and in the stomachs of some types
of livestock

o Coal mining when deposits of methane arereleased fromrock

¢ Sources of nitrous oxides include:
o Fossil fuel combustion e.g. vehicle exhausts
o Agriculture e.g. the production and use of fertilisers
o Theactivity of sometypes of bacteria

(") Exam Tip

*  You may have heard of a separate environmental concern, described as the 'holein
the ozone layer'; this is not something that you need to know about. Ozoneis an
atmospheric gas that absorbs harmful UV radiation before it reaches earth, but any
concerns about ozone depletion have nothing to do with the greenhouse effect. The
problem of ozone depletionis one that has improved significantly due to measures
taken toreduce certain types of emissions; humans can getitright sometimes!
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Greenhouse Effect

Factors affecting the impact of a Greenhouse Gas

¢ Thesignificance of theimpact of any particular greenhouse gas depends on two factors:
o |ts ability to absorb long-waveradiation
o |ts concentrationin the atmosphere

¢ Agasmay havea strong ability to absorb radiation, but if its atmospheric concentration is
relatively low, then it will be alow-impact greenhouse gas
o Thisis the case formethane, which can absorb morelong-wave radiation permolecule
than carbon dioxide, but whichis present at a much lower atmospheric concentration

+ Theatmospheric concentration of a greenhouse gas depends on:
o Thebalance betweenrelease and removal of that gas from the atmosphere
= Agasthatisreleasedintothe atmosphere ata fasterrate thanitis removedwill
increasein concentration e.g. carbon dioxide is released by the combustion of
fossilfuels ata fasterrate than photosynthesis canremoveit

o Thelength of time that gasis presentin the atmosphere

= Methaneonly remainsinthe atmosphere for10-12 years beforeitis oxidised,
reducing the overallimpact of methane on the greenhouse effect

= Watervapouris the most abundant greenhouse gas in the atmosphere, but
becausewatervapourusually only spends an average of 9days in the
atmosphere beforeitreturns to the ground, scientists areless concerned about
its impact on the greenhouse effect than they are about carbon dioxide, which
accumulates in the atmosphere over hundreds of years

The Earth emits longer-wave radiation

¢ Thesolarradiation thatreaches Earth from the sun contains arange of wavelengths;
primarily shorter wavelengths in the UV and visible parts of the light spectrum, with some
longer wavelengthinfra-red radiation

o AfterEarth has absorbed this radiation, it re-emits radiation backinto the atmosphere, but
this re-emittedradiationis entirely longer wavelength, in the infra-red part of the spectrum
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YOURNOTES
i
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Solarradiationis primarily short-wave, while the radiation that is re-emittedby earthis
long-waveradiation

Greenhouse Gases absorb longer-wave radiation

¢ While only around 25% of the (primarily short wavelength) solarradiation is absorbed by
the atmosphere onits way to Earth, around 80% of the (long wavelength) re-emitted
radiation from Earthis absorbed onits way back into the atmosphere
o E.g.incomingUV radiationis absorbed by ozone
o Re-emittedradiationis absorbed by greenhouse gases

¢ This absorbedradiation keeps Earth at a habitable temperature
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i
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Greenhouse gases absorb the long-wave radiation emittedby Earth, warming the
atmosphere
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YOURNOTES

l
Greenhouse Gases & Climate Patterns

* Greenhouse gases absorbinfraredradiation emitted by the earth, causing the atmosphere
towarm

o Without greenhouse gases, the earth would be much colder

¢ Thehigherthe concentration of greenhouse gases in the atmosphere, the moreinfrared
radiationis absorbed, and the warmer the atmosphere willbecome
¢ Increasedatmospheric warming has had, and willhave, multiple impacts on climate
patterns, e.g.
o Weather events becoming more extreme e.g. hotter, longer, heatwaves, and more
violent storms
o Changes to ocean currents leading to alteredlocal climates e.g. the Gulf stream that
currently brings warm water to the west coast of the UK might change direction,
causing parts of the UK's climate to cool
o Warmeraircan hold more moisture, leading to changes in patterns of rainfall; more,
heavierrainfallin some places could lead to reducedrainfall in otherlocations

¢ Evidenceforsome of these changesin climate patterns canalready be seenin many parts
of theworld
o Warming climates cause animals to move towards the poles or to higher altitudes
= Aconcernis that these species may not be able to compete with, ormay even
out-compete, the species already presentin these habitats, with eitherresult
leading to decreased biodiversity
= Some species (such as plant species) may not be able to move orchange their
distributions fast enough to adapt to changing temperatures and may go extinct
asaresult

o Polarice andglaciers areretreating; itis thought that there may soon be no summer
iceinthe arcticif rates of warming there continue

= Theloss of glacierice from mountain ranges may affect the water supplies of
many people and surrounding wildlife

o Sealevels have beenrising fasterinrecentyears, puttingmany more people atrisk of
being flooded out of theirhomes

= Sealevels arerising due to the expansion of warmerwater and due to melting
polarice
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YOURNOTES

l
Industrialisation & Increased Carbon Dioxide

e Atmospheric carbon dioxide levels have fluctuated throughout Earth's history due to
events such as volcanic eruptions and the weathering of limestone rocks
o Scientists know this from having analysed the gas composition of bubbles formedin
ancientice cores
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Atmospheric carbon dioxide levels have fluctuated throughout earth’s history, but recent
increases have been faster and higher than ever before (ppmv = parts per million by volume)

¢ Sincetheindustrial revolution, however, atmospheric carbon dioxide levels haverisen to
their highestin Earth's history
o Priortotheindustrial revolution, the highest atmospheric carbon dioxide
concentration was around 300 parts per million (ppm), anditis currently above 400

ppPm
e Theindustrial revolution beganin thelate 1700s, when the combustion of fossil fuels to

power factories, transport, and homes became commonplace
o Fossilfuel combustionreleases carbon dioxide

e Aclearcorrelation can be seen betweenincreasinglevels of carbon dioxide since the
industrial revolution andincreasing global temperatures
o Early data on globaltemperatures can be foundusing climateindicators such as tree
growth and soil cores

Page 54 of 62

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

ATMOSPHERIC CARBON DIOXIDE

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

START OF INDUSTRIAL YOURNOTES
REVOLUTION _ !

. r145 <

390 w

— — B o

£ >

8 370+ 143 K

z 3501 S

= 350_ o

2 ] -4 2

< 330+ i -
o _

- —

Z 310 F13.9 &

S 2001 -9

& 290+ o

o - F13.7

2707 i g

o

250 1 I I I I I I I I I 43'5 g

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 X

YEAR
KEY: —=CARBON DIOXIDE = — = TEMPERATURE

Thereis a correlation between increasing carbon dioxide levels since the start of the
industrial revolution andincreasing global temperatures

Combustion of Fossil Fuels

Theindustrial revolution, beginningin thelate 1700s, was the shift from hand production to
machine production, oftenin factories powered by steam
Factory productionled to the needto transport goods overlongdistances, andso the
railways were built, also powered by steam
Steamwould have been produced by the combustion (burning) of fossil fuels; initially
coal, andlateralso oil and gas

o The combustion of fossil fuels releases carbon that has been stored for millions of

years into the atmospherein the form of carbon dioxide

Theimproved standard of living formany that resulted from the industrial revolution lead to
huge population growth, furtherincreasing the need for production and movement of
goods, and therefore the need for fossil fuels

Although we often associate the industrial revolution with the Victorian era, the fastest
increasein fossilfuel combustion has taken place since the 1950s

Theincreasein fossil fueluse since the 1950s is correlated with the fastest increasesin
atmospheric carbon dioxide, providing evidence that itis human activity changing the
composition of the atmosphere
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Temperatures & Increased Carbon Dioxide

We know that greenhouse gases absorb infrared radiation and warmthe earth's
atmosphere, and we know that carbon dioxide is a greenhouse gas, so climate scientists
havelonghypothesised thatincreasing carbon dioxidelevels in the atmosphere will lead
to warming global temperatures
Evidence to support this hypothesis can be found by looking back at the connection
between atmospheric carbon dioxide levels and temperatures over time
Information about the ancient atmosphere and climate can be found by analysingice
cores, obtained by drillinginto antarcticice
o |ceis deposited as water freezes over time, so the deeperinto theice you go, the older
itis
o Analysing the gas content of bubbles inice can tell scientists about atmospheric gas
concentrations overtime
o Dataabout climate can beinferred by studying ancient pollen grains preservedinice
(certain plants would have survivedin certain climates), as well as studying the
chemistry of the water molecules

Data show a correlation between changing atmospheric carbon dioxide levels and
temperature overthousands of years
o Notethatcarbon dioxide in the atmosphereis not thought to be the only factor
affecting climate; itis known that events such as solarwinds and sun spots can affect
the climate on Earth, but scientists think that the effects of such events are smallin
comparison to that of atmospheric carbon dioxide

Correlation does not equal causation, but together with what scientists know about
carbondioxide as a greenhouse gas, this is strong evidence that carbon dioxide
released since the industrial revolutionis causing increasing global temperatures
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Data fromantarctic seaice show a correlation between atmospheric carbon dioxide and YOURNOTES
antarctic temperatures over thelast 800 000 years l
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Investigating the Causes of Climate Change

Evaluating claims that human activities are not causing climate change

¢ Sincescientists first began to associate burning fossil fuels with increasing global
temperatures, there have been many who have claimed that human activity is not the

cause of climate change

Evaluating Claims that Human Activities are Not Causing Climate Change Table

There have been changes in atmospheric
carbon dioxide throughout Earth’s history
due to natural causes, and we are just
experiencing another such change

Evaluation

Current carbon dioxide levels are higher than
they have ever been at any point in Earth’s
history, suggesting that natural causes alone
are not responsible

An oil company, when their scientists first
predicted the climate impacts of continued
combustion of fossil fuels, stated to the
public that the evidence for a link between
fossil fuels and climate change was
‘inconclusive’

An oil company has a financial interest in
people continuing to burn fossil fuels, so may
not be telling the truth, or will at least be
keen to play down the significance of research
Llinking fossil fuels to climate change

Rates of warming have not been consistent:
temperatures have cooled slightly at some
points in the last 50 years, showing that
global warming has stopped

Carbon dioxide levels are not the only factor
that influences global temperatures: climate
is highly complex and some factors may have
alarger impdct in some years than others

 [tisimportant to evaluate any statement thatis made about the causes of climate change

in the light of scientific evidence

o Considerwhethera statement addresses all of the evidence, or only part of it
= E.g.there may be someyears when globaltemperatures go down, but thereis
strong evidence foran overall upward trend

o Findoutwhetherthe statement comes from a trustworthy, unbiased source
= E.g.Does the source have afinancial or politicalinterestin continuing toburn

fossilfuels

= Several countries wrote to the United Nations in 2021to ask that urgent
recommendations against burning fossil fuels were toned down; all of these
countries had economies that depended on the use of fossil fuels

NOS: Assessing claims; assessment of the claims that human activities are

producing climate change

¢ Wheneveryou come across any scientific claim, itis important to assessits reliability
¢ Scientists know that before they present a new idea, they must carry out research and

provide evidence to support their claim

o Anypublishedresearch must be clearabout the level of certainty that any data
provide; this is the purpose of statistical tests such as the chi-squared test

o Research papers mustinclude details of the method used so that other scientists can
evaluateit and potentially repeatit to seeif they achieve the sameresults
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¢ Whenitis claimedthathuman activities are causing climate change, itis important to YOURNOTES
evaluate these claims while bearing the following factors in mind 1
o Thereis a great deal of scientific evidence that has been tested and checked by other
scientists that supports the hypothesis that humans burning fossil fuels causes
climate change; this increases the likelihood that further claims of this nature are
correct
o Climateis highly complex, so scientists need to be careful not to state that one factor
alonehasledtoaspecific event
= Climate can be affected by any number of factors in any givenyear; itis important
tolook at all of the data
= Youmay have heard climate and weather experts in the media being asked
aboutwhetherone particular extreme weather eventis due to climate
change; they always say thatitis wrong to draw conclusions from one
event, while also pointing to that event's placein a trend of increasingly
extreme weather

= Climate changeis not expected to belinearin effect; scientists expect that there
may be a tipping point beyond which changes happen faster
= This makes it very difficult to make predictions about exact future climate
conditions

o Peoplealways have a personalinterest; some are especially passionate about the
environment, while others depend financially on fossil fuels

= |[tisimportantthat we are aware of the personalbiases of those making claims
about the causes of climate change

« [f predictions about globalwarming are correct, then the potentialimpacts on the future of
Earth are huge; as scientists, itis ourresponsibility to be aware of theimportant factors
surrounding this debate so that we can help otherto assess evidence thoroughly
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4.2.8 Skills: Carbon Cycling & Climate Change

Drawing the Carbon Cycle

e Themany processes by which carbonis transferred from one store to anotherare
collectively known as the carbon cycle
o Duringthe carbon cycle, carbonis presentin both organic andinorganic forms
= Organic carbonis foundin the biomass of living organisms e.g. in carbohydrates
and proteins
= |norganic carbonis foundin the atmosphere as carbon dioxide andin the oceans
as e.g.hydrogen carbonateions

e Thecarbon cycle can berepresented using a diagram
o Carbon cycle diagrams show:
= Carbon stores, known as pools, e.gthe ocean, fossil fuels, orliving organisms
= Processes of carbon transfer, known as fluxes e.g. dissolving, combustion, or
photosynthesis

¢ Diagrams canbeillustrated, orcan be simple, containingjust text boxes and arrows
¢ Diagrams can show terrestrial carbon cycling, marine carbon cycling, orboth combined in
onediagram
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Anillustrated carbon cycle diagram showing both terrestrialand marine cycling
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Asimple carbon cycle diagram showing terrestrial carbon cycling

Page 61 of 62

©2015-2023 Save MyExams, Ltd. -Revision Notes, Topic Questions, PastPapers



https://www.savemyexams.co.uk/?utm_source=pdf
https://www.savemyexams.co.uk/

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

Estimation of Carbon Fluxes YOURNQOTES

e Theprocesses by which carbonis transferred from one pool to another are known as fluxes {
¢ Fluxes canbe measured quantitatively, showinghow much carbonis transferred by a
particularprocess
¢ Theunit forcarbon fluxes is gigatonnes, or GT
o Onegigatonneis a billion tonnes

e |tis difficultto measure global carbon fluxes precisely, but scientists can make estimates
by measuring smallerecosystems and scaling these measurements up

Estimated Global Yearly Carbon Fluxes Table

Process of carbon transfer Flux / GT year1
Photosynthesis 123
Respiration of terrestrial organisms 60
Respiration of decay organisms 60

Ocean dissolving 92
Release from the oceans 90

Marine sedimentation 0.4
Combustion of fossil fuels 6
Conversion of forests/grassland to farmland 2
Weathering and volcanic activity 0.4

e Estimating carbon fluxes is veryimportant as humans seek to predict theimpacts of
climate change and reduce carbon emissions
o By calculating the total carbon fluxes that remove carbon from the atmosphere and
the total carbon fluxes that add carboninto the atmosphere scientists can calculate
atmospheric carbonincreases
o This enables scientists to predict levels of atmospheric warming
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