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Evidence for Climate Change ,

Your notes

Evidence for Climate Change

= Theterm climate refers to the weather conditions in aregion over along period of
timei.e. several decades

= Whenthe weather conditions in aregion change significantly over along period of time,
thisis climate change

= Thetermclimate changeis most often used today to refer to global warming that is
occurring as aresult of human activities

= Scientists have long hypothesised that
= Climate changein the form of global warming is currently taking place

= Human activities thatincrease the concentrations of greenhouse gasesin the
atmosphere are responsible for climate change

= Several different types of evidence can be used to support these hypotheses
= Records of atmospheric carbon dioxide levels
= Records of average global temperatures

= Records of changing plant communities gained from sampling of pollen grains
preserved in peat over time

= Records of tree growth gained by analysing the rings in the trunks of trees; known
as dendrochronology

Atmospheric carbon dioxide

= Atmospheric carbon dioxide levels have fluctuated throughout Earth's history due to
events such as volcanic eruptions and the weathering of limestone rocks

= Scientists know this from having analysed the gas composition of bubbles formed
inancientice cores

= |ceisdeposited as waterfreezes overtime, so the deeperinto theice you go,
the olderitis

= Since the industrial revolution, however, atmospheric carbon dioxide levels have risen
to their highest in Earth's history

= Priorto theindustrial revolution, the highest atmospheric carbon dioxide
concentrationwas around 300 parts per million (ppm), and itis currently above 400

ppm
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Atmospheric carbon dioxide levels have fluctuated throughout earth's history, but recent
increases have been faster and greater than ever before

= Datashow a correlation between changing atmospheric carbon dioxide levels and
temperature over thousands of years

= Note that carbon dioxide in the atmosphere is not thought to be the only factor
affecting climate;itis known that events such as solar winds 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 carbon dioxide as a greenhouse gas, this is strong evidence that carbon dioxide
released by human activities since the industrial revolution is causing increasing
global temperatures
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Thereis a correlation between atmospheric carbon dioxide concentrations and average ,

antarctic temperatures over time
Your notes

Average global temperatures

= Thermometers canbe used to measure air temperature, and thermometerrecords from
different places around the world over extended periods of time can be put togetherto
show average global temperature change over time

= Records from the mid-1800s show an overall trend of increasing average global
temperatures

= There are some short time periods within this window during which temperatures
have declined, but the overall trend is upwards

= Thetime period since the mid-1800s corresponds with the time during which humans
have been burning fossil fuels and therefore releasing carbon dioxide into the
atmosphere
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Average global temperature records show some temperature fluctuations but an overall
trend of increasing temperatures over time

Pollen grains preservedin peatbogs

= Underwaterlogged and acidic conditions partly decomposed dead plant matter
accumulates and becomes compacted underits own weight over time; this
compacted, partially decomposed plant matter forms peat
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= Theplace where peataccumulatesis known as a peat bog, or peatland

Peat builds up inlayers, meaning that layers of peat at the top of abog are recently
formed and the peat become older as you digdowninto abog

Peat cores can be taken from a bog and the layers can be analysed to assess the pollen
grains that have become trapped in the peat

Pollen grains from peat samples can be observed under a microscope, and because the
pollen grains of each plant species are unique to that plant, the plant species that were
growing around the bog at different points in time can be identified

Different plant species grow under different climatic conditions, so the plants present
at different times can be used a measure of the climate at that time

= E.g.anincreaseinthe number of plant species that grow betterin warmer climates
combined with a decrease in the number of plant species that grow betterin cooler
climatesindicates a gradual warming of the climate

Dendrochronology
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Tree trunks grow in diameter each growing season as they produce more vascular tissue
This vasculartissue grows in aring around the outside of the trunk

Light coloured rings are produced by fast growth during warmer spring and summer
months and dark coloured rings form as a result of slow autumn growth, meaning that
onelightring and one darkring togetherrepresent a fullyear's growthin atree

Trees grow faster when conditions are warmer, so the rings that form during warm years
are wider than the rings that form during cool years

Analysis of the width of tree rings can provide a measure of climate during each year of
growth

= Taking cores from the trunks of older trees can provide samples that go back over
hundreds of years
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Dendrochronology uses the growthin a tree trunk each year as a measure of climate
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Anthropogenic Climate Change 4

Your notes

Anthropogenic Climate Change

= \Whenradiation from the sunhits the earth, it isradiated back from the earth's surface

= Agreenhouse gasis a gas that absorbs this re-radiated radiation, trappingitin the
earth's atmosphere so thatitis not lost to space

= Greenhouse gasesin the atmosphere have a similar effect to the glassin
agreenhouse, hence the term greenhouse gas, and their effect being known as
the greenhouse effect

= The greenhouse effectisimportant to ensure that Earth is warm enough for life; if it were
not for the insulating effect of greenhouse gases, Earth would see similar
dramatic temperature fluctuations to its neighbouring planets

= Temperatures on Marsrange between20°C and -153°C
= There are many greenhouse gasesincluding

= Carbondioxide

= Methane

= |tisthoughtthatincreasing levels of carbon dioxide and methane are entering the
atmosphere as aresult of human activities, leading to increased rates of atmospheric
warming

= The atmospheric warming, and therefore the changing climate, for which humans
are thought to be responsible is known as anthropogenic climate change
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Greenhouse gases absorb radiation re-emitted from the earth's surface, trapping it in the
atmosphere

Carbon Dioxide

= Atmospheric carbon dioxide levels have fluctuated throughout Earth's history due to
events such as volcanic eruptions and the weathering of imestone rocks

= Since the industrial revolution, however, atmospheric carbon dioxide levels have risen
to their highest in Earth's history

= Theindustrial revolution beganin the late 1700s when the combustion of fossil fuels to
power factories, transport, and homes became commonplace

= Fossilfuel combustionreleases carbon dioxide

= Aclearcorrelation can be seen betweenincreasing levels of carbon dioxide since the
industrial revolution and increasing global temperatures, providing evidence for the
role of human activities in causing global warming

= Note that a correlation alone is not enough to prove causation, but this evidence
can be taken alongside what we know about greenhouse gases and otherevidence
to provide a growing body of proof
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= |naddition to the burning of fossil fuels, carbon dioxide is also released into the
atmosphere when natural stores of carbon are damaged or destroyed by human
activities

= These carbon stores are known as carbon sinks
= Carbonsinksinclude trees, soils, peatbogs, and the oceans

= Deforestation, soil degradation, peat harvesting, and ocean warming all
contribute to the addition of carbon dioxide to the atmosphere

Methane
= Methane (CHy)is a simple hydrocarbon

= |tispresentasagasinthe atmosphere, and underground, andis the main component
of natural gas fossil fuel

= Methane can be produced by naturally occurring processes in some types of bacteria,
but levels have risen significantly in the last 150 years due to human activities

= Methane canbe produced by several human activities
= Methaneisreleased from the guts of ruminant mammals such as cattle

= While thisis clearly not a direct human activity(!) the intensive farming of such
animals has greatly increased their contribution to atmospheric methane

= Landfill sites release methane when organic matter such as food waste
decomposes

= Extraction of fossil fuels from underground releases methane
= Anaerobic bacteriain waterlogged rice paddy fields release methane

= |nadditionto thelistabove, the warming of the poles that results from global warming
also leads to the release of methane from natural stores such as permafrost

= Permafrostis ground that remains frozen all yearround
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Atmospheric concentrations of both carbon dioxide and methane have increased since
the industrial revolution due to human activities. Note that ppm = parts per million and
ppb = parts per billion.
p
Worked Example
The graph below shows changes in average global temperatures and atmospheric
carbon dioxide concentrations since the year 1000; describe the data and explain
what can be concluded from the graph
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Answer: ,

= Descriptions of data mustinclude any trends, as well as any sections of data that Your notes
don’tfit with the trend

= Descriptions of data should also include numbers to support the
description

= Be careful that any conclusions reached are taken directly from the data
and do not go beyond what the data show
Step 1: Describe the data

Atmospheric carbon dioxide levels and average global temperatures have both
increased since theyear1000

Atmospheric carbon dioxide concentration hasincreased from around 280 ppm to
around 380 ppm

Average global temperatures have increased from around 13.8 °C to around 14.4 °C

Average global temperatures have fluctuated, showing periods of decrease e.g.
during the 1400s and periods of increase e.g. during the early 1700s

Atmospheric carbon dioxide levels and average global temperatures were both
reasonably constant between the years 1000 and the mid-1800s/1900, and then
both show a steep increase between 1900 and 2000

Step 2: State what can be concluded

There is a correlation between atmospheric carbon dioxide concentration and
average global temperature

Both atmospheric carbon dioxide concentration and average global temperature
increase from the industrial revolution onward

Average global temperatures fluctuate at times when atmospheric carbon dioxide
concentrations are relatively constant

Note that you cannot conclude a causal relationship from this data alone; in fact
the fluctuations in temperature when carbon dioxide levels are constant suggest
that there are other factors involved

o

Examiner Tips and Tricks

Note that the greenhouse effect, global warming and climate change are terms that
are oftenusedinterchangeably, but in fact they have slightly different meanings:

= Global warming refers to the rise in global temperatures mainly due to the
increasing concentrations of greenhouse gasesin the atmosphere.

= Climate changerefers to the increasing changes in the measures of climate over
along period of time - including precipitation, temperature, and wind patterns.
These are often a consequence of global warming.
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= The greenhouse effectis a naturally occurring event, constantly occurring due to ,

the atmosphere and sunlight.
Your notes
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Carbon Cycle & Environmental Management /

Your notes

The Carbon Cycle

= The atmospheric carbon dioxide that contributes to the greenhouse effectis part of the
global carboncycle

= Theterm carbon cycle refers to the many processes by which carbonis transferred and
stored, e.g.

Carbonis found in the biomass of living organisms e.g.
in carbohydrates and proteins

Carbonis transferred when one organism consumes and digests another

Carbonis foundin the atmosphere as carbon dioxide and in the oceans as
e.g. hydrogen carbonate ions

The carbon cycle

= Thefollowing events occur during the carbon cycle

Carbonis presentin the atmosphere in the form of carbon dioxide

Carbon dioxide is removed from the atmosphere by producers during
photosynthesis

= Producersincorporate carboninto their biomass in the form of carbohydrates
and otherbiological molecules

Carbonis transferred to and between consumers as a result of feeding

Carbonis transferred back into the atmosphere by both plants and animals as a
result of respiration

= Respirationreleases carbon dioxide as a product

Carbon dioxide can also be removed from the atmosphere by dissolving in the
oceans

Dissolved carbon can be taken in by marine plants when they photosynthesise or
by other marine organisms as they build calcium carbonate exoskeletons

When living organisms die their tissues are broken down by decomposers such as
bacteria and fungi

= Whenthese organismsrespire, they too release carbon dioxide backinto the
atmosphere

Any living tissue thatis not fully decomposed can go towards the formation of peat
or fossil fuels over millions of years; carbon can be stored in these sinks forlong
periods

The combustion of peat and fossil fuels releases carbon dioxide back into the
atmosphere
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= The combustion of biomass such as wood also returns carbon to the ,
atmosphere
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SEDIMENTS FORMED FROM
BODIES OF HARD-SHELLED
MARINE ORGANISMS

INCOMPLETE
DECOMPOSITION
FOSSIL FUELS AND FOSSILISATION

[1=CARBON POOL
[1=CARBON FLUX

Copyright @ Save My Exams. All Rights Reserved

The carbon cycle includes the locations in which carbon is stored, shown here as ‘carbon
pools', and the processes by which it is transferred, shown here as 'carbon fluxes'

Carbon Cycle & Environmental
Management

= Agoodunderstanding of the carbon cycle is essential in the fight against global
warming

= |tispossible to see the points at which carbon enters the atmosphere; reducing the
carbon transfer at these points will prevent furtherincreases in atmospheric carbon
dioxide e.g.

= Reducing the combustion of fossil fuels
= Reducing the combustion of biomass
= Reducingdisturbance of carbon pools such as soils and peat bogs

= \We canalso see the points at which carbonis removed from the atmosphere;
increasing the transfers here could help to reduce the greenhouse effect e.g.

= |ncreasing rates of photosynthesis by planting trees
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Models for Predicting Climate Change ,

Your notes

Models for Predicting Climate Change

= |tispossible to use existing datarelating to global warming to make predictions about
global temperaturesin the future

= Using datain thiswayis known as extrapolating from data

= Extrapolated data can be used to produce models that show how the climate may
changeinthe future

= Global warming predictions can be used to

= Planforthe futuree.g.
= Building flood defences
= Funding scientific researchinto climate change technologies

= Encourage people to change their activities e.g.
= Reduce the burning of fossil fuels
= |ncrease the use of renewable energy sources such as solarand wind energy
= Reduce meat consumption

= TheIntergovernmental Panel on Climate Change, or IPCC, is a group of climate scientists
around the world that has used existing data to extrapolate how global temperatures
might change in the future under different human activity scenarios e.g.

= |f humans manage toimmediately beginreducing fossil fuel use, global temperature
change could be limited to around 2°C hotter than pre-industrial times

= |f humans do nothing to change theirfossil fuel use, global temperature increase
may exceed 4°C

= ThelPCCdatacanbe added to othercomputer models on climate change to see how
different parts of the world might be affected under the different scenarios
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Future predictions of temperature change can be modelled on arange of scenarios

Limitations of Climate Change Prediction
Models

= There are limitations to models based on extrapolated data

The IPCC has produced models based on several emissions scenarios, and we do
not know which of these scenarios is most likely

= |.e.wedon'tknow how successful humans will be at cutting greenhouse gas
emissions

We do not know whether future technologies will be successful at removing
greenhouse gases from the atmosphere e.g. carbon capture technologies may or
may not be effective

Itis unknown exactly how atmospheric gas concentrations might affect global
temperatures

Global climate patterns are complex and therefore predictions are difficult

= |tispossible that a certain tipping pointin global temperatures could lead to a
sudden accelerationin global warming e.g. permafrost melting may cause a
suddenincrease in atmospheric methane

4

Your notes
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= Permafrostis ground thatis frozen all year round ,

= Wedon'tknow exactly how factors other than human activities may affect climate Your notes
in the future e.g. a volcanic eruption could increase ash in the atmosphere,
reflecting radiation backinto space and cooling the earth

1’ SaveMyExams © 2026 Save My Exams, Ltd. ~ Get more and ace your exams at savemyexams.com 17



https://www.savemyexams.com/?utm_source=pdf

How Climate Change Affects Species 4

Your notes

How Climate Change Affects Species

= Greenhouse gases absorb infrared radiation emitted by the earth, causing the
atmosphere towarm

= The higher the concentration of greenhouse gases in the atmosphere, the more
infrared radiation is absorbed, and the warmer the atmosphere willbecome

= |ncreased atmospheric warming has had, and will have, multiple impacts on climate
patterns, e.g.

= Weather events becoming more extreme e.g. hotter, longer, heatwaves, and more
violent storms

= Changes to ocean currents leading to altered local 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

= Warmer air can hold more moisture, leading to changes in patterns of rainfall; more,
heavier rainfallin some places could lead to reduced rainfallin otherlocations

= Evidence for some of these changesin climate patterns can already be seenin many
parts of the world

= Warming climates cause animals to move towards the poles or to higher altitudes

= Aconcernisthat 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 or change their
distribution fast enough to adapt to changing temperatures and may become
extinctasaresult

= Water availability in some habitats is changing

= Changes torainfall patterns can be devastating to species that rely on seasonal
rains for their survival e.g. some desert plants rely onrains that may come only
once ayear and climate change may mean that such seasonal events occurless
frequently or stop altogether

= Some species may nolonger be able to survive in their habitat due to alack of
rainfall; such species may migrate to a new habitat or may become extinct

= Seasonalcycles are changinge.g.
= Plant species are producing flowers earlierin the year
= Animals are producing young earlierin the year

= Bird migratory patterns may lose their synchronisation with their habitats,
leading to a change in migration patterns
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= E.g.earlierplant growth leads to alterationsininvertebrate life cycles, ,
meaning that when a bird species arrives forits summer migration their
usual food sourceis not available Your notes

= Polarice and glaciers are retreating; it is thought that there may soon be no summer
iceinthe arctic if rates of warming there continue

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

= Sealevels have beenrising fasterinrecent years, putting many more people and
animals at risk of being flooded out of theirhomes

= Sealevels arerising due to the expansion of warmer water and due to melting
polarice
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The Effect of Temperature on Enzyme Reactions /

Your notes

The Effect of Temperature on Enzyme
Reactions

= Changingairtemperature can have a significantimpact on the metabolism of living
organisms due to the effect of temperature on enzyme activity

= Enzymes have a specific optimum temperature
= Thisisthe temperature at which they catalyse areaction at the maximum rate

= Lower temperatures either prevent reactions from proceeding or slow them down
= Molecules moverelatively slowly as they have less kinetic energy

= Lesskinetic energy resultsin alower frequency of successful collisions between
substrate molecules and the active sites of the enzymes which leads to less
frequent enzyme-substrate complex formation

= Substrates and enzymes also collide with less energy, making it less likely forbonds
to be formed orbroken

= Highertemperatures cause reactions to speed up
= Molecules move more quickly as they have more kinetic energy

= Increasedkinetic energy results in a higher frequency of successful
collisions between substrate molecules and the active sites of the enzymes which
leads to more frequent enzyme-substrate complex formation

= Substrates and enzymes also collide with more energy, making it more likely for
bonds to be formed orbroken

Denaturation

= |f temperatures continue to increase past a certain point, the rate at which an enzyme
catalyses areaction drops sharply as the enzymes begin to denature

= Theincreasedkinetic energy and vibration of an enzyme puts a strain onits bonds,
eventually causing the weaker hydrogen and ionic bonds that hold the enzyme
moleculeinits precise shape to start to break

= The breaking of bonds causes the tertiary structure of the enzyme to change

= The active site is permanently damaged and its shape is no longer complementary
to the substrate, preventing the substrate from binding

= Denaturation has occurredif the substrate can no longer bind
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The rate of an enzyme catalysed reaction is affected by temperature. Note that 35 °Cis
not the optimum temperature for all enzyme-controlled reactions.

Calculating the temperature coefficient

= The temperature coefficient, represented by Qo, calculates the increase inrate of
reaction when the temperatureisincreased by 10 °C

= Qjpocanbe calculated using the following equation
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Q0 = rate at higher temperature + rate atlower temperature ,

= AQqpvalue of 2indicates that the reaction rate doubles with anincrease in temperature Your notes
of 10 °C, while avalue of 3indicates that it trebles with every 10 °Cincrease

p
o
Worked Example
Inan enzyme catalysed reaction the rate of reaction can measured by recording the
volume of product produced perunit time at different temperatures.
At30°C3.5cm3s'of product was recorded and at 40 °C 6.8 cm3 s-'was recorded.
Calculate Qo for thisreaction.
Answer:
Step 1: Write out the relevant equation
Qo =rate at highertemperature + rate atlowertemperature
Step 2: Substitute numbers into the equation
Q1p=6.8 +3.5
Step 3: Complete calculation
Q10=1.94
This valueis close to 2, indicating that the rate of reaction has almost doubled
\

Enzyme activity and living organisms

= Changesto enzyme activity that result from changing global temperatures can affect
living organisms

= Some chemicalreactions take place faster at higher temperatures

= Photosynthesisis essential for converting carbon dioxide into carbohydrates, the
process which produces food for producers and other organisms higher up the
food chain; it relies on the function of proteinsin the electron transport chain and
that of enzymes such as rubisco

= E.g.blue-greenalgae, also known as cyanobacteria, photosynthesise at a
higherrate in warmer water due to increased enzyme activity; thisincreases the
formation of potentially harmful algal blooms

= Some chemicalreactions are slowed down at higher temperatures

= Athightemperatures plants carry out areaction called photorespiration at a faster
rate; thisreaction uses the enzyme rubisco and so slows down photosynthesis

= This canreduce crop yields as temperaturesrise

= Some fish eggs have been shown to develop more slowly at higher temperatures
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= Many species' successful egg developmentis dependent ontemperature, with ,
impacts such as

Your notes
= Extreme temperature fluctuations canreduce hatchingratesin some
invertebrates

= The sex of the younginside the egg of some species is determined by temperature, so
increasing temperatures can affect the sexratiosin a species

= E.g.inalligators

= Species may have to change their distributioninresponse to changing temperaturesin
orderto survive

= Species may migrate to higher altitudes or further from the equator to find cooler
temperatures
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Core Practical 12: Effect of Temperature on Development ,
Your notes

Effect of Temperature on Development

= Evidence from the natural world indicates that global warming affects the
development of living organisms

= |tispossible toinvestigate the effect of temperature change on developmentin the
laboratory

= This enables the elimination of other factors that mightinfluence developmente.g.
lightintensity or food availability

= |tispossible toinvestigate the effect of temperature on
= Seedling growthrate

= Rate of hatchingin brine shrimps

Temperature and seedling growthrate
1. Plant seeds of the same plant variety in several pots or trays of compost
= Ensure that all seeds are keptinidentical conditions at this stage
2. Allow the seeds to germinate and produce some initial days of growth
3. Measure the initial height of every seedling

4. Place each pot or tray into anincubator at a different temperature for the same amount
of time e.g.5days

= During this time ensure that all factors other than temperature are kept the same
e.g. soilmoisture, soil pH, light intensity

5. After the allotted time remove the seedlings from the incubators and record the final
height of every seedling

6. Use the measurements and the following formula to calculate the average growthrate of
seedlingsin eachincubator per day

average growth rate = average change in seedling height forincubator + days of
incubation
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Seedling growth rate increases as temperature increases up to 25 °C, after which growth
rate decreases. This could be due to cellular enzymes denaturing at high temperatures.

Temperature and brine shrimp hatching

1. Place anequal number, e.g. 40, of brine shrimp eggs into a series of water baths at
different temperatures

= Waterbaths should contain non-chlorinated water with 2 g of salt added per100

cm?

= Amagnifying lens may be needed to count the eggs
= Awetpiece of papercanbe usedto pick up and transfer the eggs to the water bath

= Ensure that all factors other than temperature are kept the same between water
baths e.g. age of shrimp eggs, water pH, water volume, dissolved oxygen
concentration

2. Observe andrecord the number of brine shrimps that hatch at set time intervals e.g.
every 12 hours

= Abrightlamp canbe used toilluminate the water bath and count the hatchlings
3. Use the number of eggs hatched to calculate the hatching rate per hour
hatching rate = number of hatched shrimp eggs + hoursin water bath

= Note that brine shrimps are living organisms and so welfare considerations should be
takeninto account whenusing them for experimental purposes

= Hatched shrimps should be returned to a suitable environment that replicates their
natural habitat at the end of the experiment

= Any handling and transfer of hatched shrimps should be carried out gently and
quickly

= Dangerously high temperatures should not be used
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= Any bright lamp used for observation should be switched off whennotinuse ,

Your notes
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Shrimp hatchrate increases as temperature increases up to a temperature of 25 °C, after
which hatch rate decreases
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Mutation, Natural Selection & Evolution ,

Your notes

Mutation, Natural Selection & Evolution

= Species do not stay the same over time; the species that we see around us today have
developed over millions of years

= This process of species change is known as evolution

= Evolution canbe defined as changes in the heritable characteristics of organisms over
generations

= Heritable characteristics are those that can be inherited by, or passed on to, the
next generation

= Changesincharacteristics that are notinherited, e.g. a plant havingits leaves
eaten, donotlead to evolution

= Heritable characteristics are determined by the alleles of genes that are presentin
anindividual

= Alleles may change as aresult of random mutation, causing them to become more
orless advantageous

= Heritable characteristics that are advantageous are more likely to be passed on to
offspring, leading to a gradual change in a species overtime

= Thisis the process of natural selection

Natural Selection

= Natural selection can be defined as the process by which organisms that are better
adapted to their environment survive, reproduce, and pass on their advantageous
alleles, causing advantageous characteristics to increase in frequency withina
population

= Natural selectioninvolves the following stages
= Variation exists between individuals in a population
= Natural selection can only take place if variationis present

= Variationresults from small differences in DNA base sequences between
individual organisms within a population

= Sources of variationinclude
= Mutation
= Meiosis
= Random fertilisation during sexual reproduction
= |nany habitat there are environmental factors that affect survival chances

= E.g.predation, competition forfood, and disease
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= Environmental factors thatinfluence survival chances are said to act ,

as selection pressures
Your notes
= |nany population, due to the variation present, some individuals will

have characteristics that make them better adapted for survival in the face of any
selection pressures

= Thisis sometimes described as 'survival of the fittest'

= |ndividuals that are well adapted and survive into adulthood are more likely to find a
mate and reproduce, producing many offspring

= |ndividuals that are less well adapted do not survive longinto adulthood are
likely to reproduce less often than those that survive forlonger, so
producing fewer offspring

= Theseindividuals may notreach adulthood and so do not get the chance to
reproduce at all

= This means that they are more likely to pass on the alleles that code for
these advantageous characteristics to their offspring

= Note that non-heritable characteristics are not passed on to offspring

= Non-heritable characteristics are those acquired during the lifetime of an
organism e.g. gaining weight after eating lots of nuts and berries in autumn,
orbeinginjured by a predator

= The number of individuals in a population with a particular favourable characteristic
willincrease over time; the characteristic is said to increase in frequency

= Eventually this favourable characteristic will become the most common of its kind in
the population; the population can be said to have adapted to its environment by
the process of natural selection

= While favourable characteristicsincrease in frequency by natural
selection, unfavourable characteristics decrease in frequency by the same
process

= |ndividuals with unfavourable characteristics are less likely to survive,
reproduce, and pass on the alleles for their characteristics, so unfavourable
characteristics are eventually lost from the population

An example of natural selectioninrabbits
= Variationin fur colour exists within a rabbit population
= Oneallele code for brown furand another for white fur
= Rabbits have natural predators, such as foxes, which act as a selection pressure

= The brownrabbits are more likely to survive and reproduce due to having more
effective camouflage

= Whenthe brownrabbits reproduce, they pass on their alleles to their offspring

= The frequency of brown fur alleles in the population willincrease
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=  Over many generations, the frequency of brown fur willincrease and the frequency of ,

white fur will decrease
Your notes
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Selection pressures acting on a rabbit population for one generation; predation by foxes
causes the frequency of brown furin rabbits to increase and the frequency of white furin
rabbits to decrease

=

Examiner Tips and Tricks

Remember that evolution occurs as a result of natural selection, a process that acts
onrandomly occurring variation; it does not occur as a direct, purposeful response
to anenvironment. Avoid any statements thatimply that evolution occurs 'so that' an
organism can survive inits environment. Instead, it is correct to say that evolution
occurs by natural selection as a result of random variation in populations.

You should be able to apply the process of natural selection to any scenario that you
are presented with in an exam, as with the rabbit example above. Remember the
following essential stages

1. Variationis presentinapopulation

2.Selection pressures affect a population

3. Those with advantageous alleles are more likely to survive and reproduce
4. Advantageous alleles are passed to offspring

5. Advantageous alleles become more frequent in the population
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Isolation & Speciation 4

Your notes

Isolation & Speciation

The theory of evolution states that species do not stay the same, but change overtime;
this canlead to the process of speciation

Speciation can be defined as the development of new species from pre-existing
species over time

In order for speciation to occur two populations of the same species must be isolated
from each otherin some way

= Whenthis happens, there can nolonger be an exchange of genes between the two
populations

= The exchange of genesis sometimes known as gene flow
Isolation of populations may occur as a result of
= Geographicalisolation
= Thisleads to atype of speciation known as allopatric speciation
= Random mutations that prevent them from interbreeding with each other
= Thisleads to atype of speciation known as sympatric speciation

Populations that are isolated from each other may face different selection pressures in
theirenvironment e.g. different predators or sources of food

The different environmental conditions for the two populations might mean

that different alleles are advantageous, so different alleles are more likely to be passed
on and become more frequentin each population; thisis the process of natural
selection

= Theallele frequenciesin the two populations change over time
= Note thataprocess known as genetic drift can also affect allele frequencies

Over time the two populations may begin to differ physiologically, behaviourally and
morphologically to such an extent that they can no longerinterbreed to produce fertile
offspring; speciation has occurred

Allopatric speciation

Allopatric speciation occurs as a result of geographical isolation
= |tisthe most common type of speciation

Allopatric speciation occurs when populations of a species become separated from
each other by geographical barriers

= The barrier could be natural e.g. a body of water ora mountainrange

= |tcanalsobe man-made e.g.amotorway
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= This creates two populations of the same species between which no gene flow is taking ,
place
Your notes

= Allele frequenciesinthe gene pools of the two populations may change in different
ways due to
= Different selection pressures acting onthem

= The accumulation of random changes resulting from genetic drift

= Changingallele frequencies willlead to changes in the phenotypes of the two
populations

= |fenough allele frequency differences arise between the two populations, then they will
eventually nolonger be able to breed with each other and produce fertile offspring,
and can be said to be separate species

E.g. allopatric speciationin trees
= Apopulation of trees exists in a mountainous habitat
= Anew mountainrange forms that divides the speciesinto two populations

= The geographical barrier prevents the two populations frominterbreeding so thereis no
gene flow between them

= Thetwo populations experience different environments, so
different alleles become advantageous

= Differentalleles are therefore more likely to be passed onin each population
= Different alleles become more frequentin each population

= Overthousands of years the divided populations form two distinct species that canno
longerinterbreed to produce fertile offspring

|UNOBSTRUCTED GENE FLOW |

)
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iL Your notes

|NO GENE FLOW BETWEEN @ + ®)|

SELECTION PRESSURES AND GENETIC DRIFT CAUSE
DIVERGENCE BETWEEN (A)+(B) UNTIL SPECIATION OCCURS

POPULATION (A) AND CAN NO LONGER INTERBREED:
THEY ARE DIFFERENT SPECIES

The geographical barrier of amountain range can lead to allopatric speciationin trees
Sympatric speciation
= Sympatric speciation takes place with no geographical barrier

= |solationinstead occurs whenrandom changesin the alleles and
therefore phenotypes of some individuals in a population prevent them from
successfully breeding with otherindividuals in the population

= Examples of phenotype changes that canlead toisolationinclude
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= Seasonalchanges ,

= Someindividualsin a population may develop Your notes
different mating or flowering seasons to the rest of the populationi.e
theirreproductive timings no longer match up

= Mechanical changes

= Someindividualsin a population may develop changesin their genitalia that
prevent them from mating successfully with individuals of the opposite sexi.e.
theirreproductive body parts no longer match up

= Behavioural changes

= Someindividualsin a population may develop changesin their courtship
behaviours meaning they can nolonger attractindividuals of the opposite sex
formatingi.e. their methods of attracting a mate are no longer effective

The populations may still live in the same habitat but they are isolated from each otherin
the sense that they do notinterbreed

The lack of gene flow between the two populations means that allele frequenciesin the
gene pools of the two populations may change in different ways

Changing allele frequencies will lead to changes in the phenotypes of the two
populations

If enough allele frequency differences arise between the two populations, then they will
eventually nolonger be able to breed with each other and produce fertile offspring,
and can be said to be separate species

E.g. sympatric speciationin fruit flies

Apopulation of fruit flies existsin alaboratory

Arandom allele change resulting from mutation divides the species into two
populations

= Theallele changesleads to a changein phenotype e.g. food preference

The difference in phenotype prevents the two populations frominterbreeding so there
is no gene flow between them

Different alleles are therefore passed onin each population

= This could be due to difference in selection pressure e.g. certain enzymes are
advantageous for the digestion of different foods or due to genetic drift; the
random passing on of different alleles

Different alleles become more frequentin each population

Overtime the divided populations form two distinct species that can no longer
interbreed to produce fertile offspring
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Examiner Tips and Tricks

1. Variationis present
2. Selection pressures act on a population

© 2026 Save My Exams, Ltd.

Note that you need to be able to apply the principles of natural selection to the
process of speciation; the difference here is that natural selection will be acting
differently ontwoisolated populations;

= These may be different between two isolated populations
3. Advantageous alleles provide some individuals withincrease survival and
reproduction chances

= Advantageous alleles may be different between two isolated populations
4. Advantageous alleles are passed on
5. Allele frequencies change

= Different advantageous alleles willaccumulate in the two isolated
populations until they become so different that they can no longer
interbreed

4

Your notes
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Contentious Issues in Environmental Science /
Your notes

ContentiousIssues in Environmental
Science

= |tcanbesaidthatthereis aconsensus,i.e. everyone agrees, among the scientific
community that

= |ncreasing concentrations of greenhouse gases cause global warming
= Human activities are the direct cause of increasing greenhouse gas concentrations

= Despite this there are some individuals, even among the scientific community, who do
not believe that the correlation seen between humans burning fossil fuels and global
warming is a causal relationship

= Theseindividuals claim that global warming is caused by factors other than
human activities

Evaluating the data

= |tisimportant to evaluate any statement thatis made about the causes of climate
change in the light of scientific evidence

= Consider how good the evidence is
= Doesastatement address all of the evidence, or only part of it?

= E.g.there maybe some years when global temperatures go down, but
thereis strong evidence for an overall upward trend

= |sthe datareliable?

= Doesthe datacome from severalindependent studies i.e. is there plenty of
evidence?

= Does statistical analysis show that findings are statistically significant?
= Find out whether the statement comes from a trustworthy, unbiased source e.g.

= Anindividual working for an oil company or a particular government s likely to
be biased because they have a financial or political interest in the outcome of a
study

= 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

= Anindividual who campaigns passionately for conservation may be biased
because they strongly believe that humans are causing climate change and
they have an emotional stake in the outcome of a study

= Anindividual who works for arenewable energy company may be biased
because they are of the opinion that their technologies are better than fossil
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fueltechnologies as well as having a financial interest in the outcome of a study

Evaluating Claims that Human Activities are not the Cause of Cimate 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

Your notes

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
linking fossil fuels to climate change

Rates of warming have not been consistent:
temperatures hdve 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
a larger impact in some years than others

= \When claims are made about the causes of climate change, itisimportant to evaluate
these claims while bearing the following factors in mind

= 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; thisincreases the likelihood that further claims of this

nature are correct

= Climate is highly complex, so scientists need to be careful not to state that one
factoralone hasled to a specific event

= Climate can be affected by any number of factorsin any givenyear;itis
important to look at all of the data

= Climate and weather expertsin the media are often asked about whether

one particular extreme weather eventis due to climate change; they always

say that it is wrong to draw conclusions from one event, while also
pointing to that event's place in a trend of increasingly extreme weather

= Climate changeis not expected to be linear in 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

= People may have a personal interest; some are especially passionate about the
environment, while others depend financially on fossil fuels

= [tisimportant that we are aware of the personal biases of those making claims

about the causes of climate change

1, SaveMyExams
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= |f predictions about global warming are correct, then the potentialimpacts on the future ,

of Earth are huge
Your notes

= Asscientists, itis ourresponsibility to be aware of the important factors surrounding this
debate so that we can help other to assess evidence thoroughly
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Examples of Sustainable Conservation /
Your notes

Examples of Sustainable Conservation

= Sustainability is about making use of the world's resources in ways that do not damage
the environment and that can be maintained for future generations.

= Theuse of extrapolation to model climate change shows that the consequences of
global warming could be extremely serious for humans and global biodiversity if we
continue with current human activities

= |f we want to be sustainable and limit the consequences of global warming it is essential
that we act quickly to reduce carbon emissions andincrease the rate at which carbon
isremoved from the atmosphere

= QOurknowledge of the carbon cycle tells us that we can do these things in several ways

Reducing carbon emissions
= Carbonemissions can be reduced by limiting the rate at which fossil fuels are burned

= Thisis challenging as so many of our daily activities depend on the burning of fossil
fuels torelease energy

= Transport of people and goods
= Electricity generation
= Food production
= Two current ways of reducing carbon emissions are
= Burning biofuelsinstead of fossil fuels

= Theuse of otherrenewable energy resources

Biofuels
= These fuels are made fromrecently living plant biomass such as sugar cane

= Biofuels can be burnedin the same way as fossil fuels, releasing carbon dioxide as they
burn

= Argumentsin support of biofuel useinclude
= Biofuels are often cheaper than oil

= |tisargued thatbiofuels are 'carbon neutral' meaning that they only release carbon
that was recently removed from the atmosphere when the plants were alive

= Theydonotrelease carbon that has been stored away for millions of years as
with fossil fuels

= Biofuels are arenewable source of energy, i.e. they can be regrown quickly

= There are several arguments against the use of biofuels
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= Theydostillrelease carbon dioxide into the atmosphere ,

= Thevastamounts of land required to grow biofuels could otherwise have been Your notes
used for food production

= Creatingland for biofuel growth ofteninvolves the loss of other types of habitats
e.g.rainforest; thisis bad for biodiversity

= Cutting down mature trees to create land for biofuel growth reduces the removal of
carbon from the atmosphere by photosynthesis

Otherrenewable sources
= Forexample wind, solar, geothermal, and tidal energy
= Argumentsinfavour of such renewable resourcesinclude

= These kinds of technologies are advancing quickly and are becoming cheaper and
more efficient to use

= No carbon dioxide is released when these technologies are used to generate
electricity

= The current disadvantage of suchrenewable resources is that no single source is
perfecte.g.

= Geothermal energy can only be used when there is volcanic activity close to the
earth's surface

= Solarenergy depends on sunshine hours

= Windenergy depends onwind speeds and some conservationists are concerned
about the impact of wind turbines on birds and bats

= Some are also concerned about the visual impact of wind turbines on the
landscape

= Tidalenergy canonly be generated near the coast

Comparing Energy Resources Table

1’ SaveMyExams © 2026 Save My Exams, Ltd.  Get more and ace your exams at savemyexams.com 39



https://www.savemyexams.com/?utm_source=pdf

s

Energy

Resource Renewable? Advantages Disadvantages Yournotes

Fossil fuels No Reliable. Can produce Large Produces significant
amounts of energy at fairly greenhouse gases and
short notice. pollution

Nuclear No Reliable. Produces no Produces dangerous
greenhouse gases or radioactive waste that
pollution. A large amount of | can take thousands of
energy is produced from years to decay
a small amount of fuel.

Bio—fuels Yes The CO, produced while Can take up alot of land
burning the fuel is balanced and consume resources
by the CO, absorbed whilst that are needed for food
producing it. production

Wind Yes Produces no greenhouse Not reliable. Turbines
gases or pollution. Land can can be noisy and ugly. Not
still be used for farming. everywhere is suitable

Hydroelectric | Yes Reliable and can produce Can involve flooding Large
Large amount of energy at dred, destroying
short notice. Produces no important wildlife
pollution of greenhouse habitats
gdses.

Tidal Yes The tides dre very Very few suitable
predictable, and a large locations. Can cause
amount of energy can be environmental harm to
produced at regular estuaries and disrupt
intervals. shipping

Geothermal Yes Reliable. Geothermal Canresult in the release
stations dre usually small. of harmful gases from

underground. Not many
places are suitable

Solar Yes Produces no greenhouse Not reliable (only works
gases or pollution. Good for | when sunny). Solar farms
producing energy in remote can use up lots of
places. farmland.

Increasing carbon removal

= Thereis much excitement over the future potential of new carbon capture technologies,

but thereality is that the technology to remove vast quantities of carbon from the
atmosphere and store it away does not yet exist

= We need torely on existing methods of carbon removal, and the main existing

mechanismis photosynthesis
= Humans canincrease the globalrates of photosynthesis by

= Stopping the destruction of forests by deforestation
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= Planting trees, also known as reforestation ,

= |ftrees are allowed to grow to maturity, they can store huge amounts of carbon Your notes
in their biomass

= Some countries around the world have shown thatitis possible to restore lost
areas of forest by carrying out reforestation, e.g. Costa Rica now plants seven
times more trees thanit cuts down

= Thiskind of achievement requires huge government inputs in the form of
benefits tolandowners
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