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Biodiversity & Resilience V4

Your notes

Understanding Biodiversity
Why is biodiversity important?

= Bjodiversity can be thought of as a study of all the variation that exists within and between all forms of
life

= Bijodiversity looks at the range and variety of habitats, species and genes within a particularregion
= |tcanbe assessed at three differentlevels:

= The numberandrange of different ecosystems and habitats

= The number of species and theirrelative abundance

= The genetic variation within each species
= Bijodiversity is very important for the resilience of ecosystems

= Thisis because biodiversity allows them to resist changes in the environment and avoid ecological
tipping points

Habitat diversity
= Thisistherange of different habitats within a particular ecosystem or biome
= |fthereisalarge number of different habitats within an area, then that area has high biodiversity
= Agoodexample of thisis a coral reef
= They are very complexwith lots of microhabitats and niches to be exploited
= |fthereis only one ortwo different habitats then an area has low biodiversity
= |arge sandy deserts typically have very low biodiversity

= The conditions are basically the same throughout the whole area
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A coral reef is an example of an ecosystem with high biodiversity due to high habitat diversity (Photo by
Francesco Ungaro on Unsplash)

Species diversity
= Anecosystem such as a tropical rainforest that has a very high number of different species would be
described as species-rich

Speciesrichnessis the number of species within an ecosystem

= Speciesdiversity looks at the number of different species in an ecosystem, and also the evenness of
abundance across the different species present
= The greater the number of speciesin an ecosystem and the more evenly distributed the number of
organisms are among each species, then the greater the species diversity

Ecosystems with high species diversity are usually more stable than those with lower species diversity
as they are more resilient to environmental changes

Forexample in the pine forests of Florida, the ecosystem is dominated by one or two tree species
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= |fapathogencomes alongthat targets one of the two dominant species of trees, then the whole /
population could be wiped out and the ecosystemitis a part of could collapse

Your notes

The lack of species diversity in the pine forests of Florida makes them vulnerable to collapse when
pathogens enter the ecosystem (Photo by Worm Funeral on Unsplash)

Genetic diversity
= Genetic diversity is the diversity of genes found within different individuals of a species

= Althoughindividuals of the same species will have the same set of genes, these genes cantake a
variety of different forms

= Thismakesit possible for genetic diversity to occur between populations of the same species
= Genetic diversity within a single population also occurs

= Thisdiversity isimportant asit can help the population adapt to, and survive, changes in the
environment

= This couldinclude changesin biotic factors such as new predators, pathogens and competition
with other species

= Orthe changes could be abiotic factors like temperature, humidity and rainfall
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BIODIVERSITY

THE TOTAL DIVERSITY
OF LIVING SYSTEMS

HABITAT DIVERSITY

THE RANGE OF DIFFERENT HABITATS
IN AN ECOSYSTEM OR BIOME

SPECIES DIVERSITY

THE NUMBER OF SPECIES
(RICHNESS) AND THEIR RELATIVE
PROPORTIONS (EVENNESS)

WITHIN A COMMUNITY

Biodiversity is a broad concept encompassing the total diversity of living systems, which includes
habitat diversity, species diversity and genetic diversity
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Evolutionary Processes

Evolutionary Processes

Biodiversity arises from evolutionary processes

Evolutionis the cumulative change (i.e. the overall change over time) in the heritable
characteristics of a population or species

Natural selectionis the name of the mechanism that drives this evolutionary change
= Natural selection occurs continuously and can take place over billions of years

= Theresult of this process of natural selectionis the biodiversity of life on Earth we see today

Natural Selection

In any environment, the individuals that have the best adaptive features are the ones most likely to
survive and reproduce

This resultsin natural selection:

Individuals in a species show arange of variation caused by differences in genes (genetic
diversity)

When organisms reproduce, they produce more offspring than the environment is able to support
This leads to competition for food and otherresources, whichresultsin a "struggle for survival"

Individuals with characteristics most suited to the environment have a higher chance of survival
and more chances to reproduce

Therefore, the genesresulting in these characteristics are passed on to offspring at a higherrate
thanthose with characteristics less suited to survival

This means that in the next generation, there will be a greater number of individuals with the better
adapted variationsin characteristics

= Thistheory of natural selection was put forward by Charles Darwin and became known as "survival of

the fittest”

Example of natural selection

Imagine a population of rabbits shows variationin fur colour

= Therabbits have natural predators like foxes

= Thisactsasaselectionpressure
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= Rabbits with a white coat do not camouflage as well as rabbits with brown fur /
= This means predators are more likely to see white rabbits when hunting Your notes
= Asaresult, rabbits with white fur are less likely to survive than rabbits with brown fur

= Therabbits with brown fur therefore have a selection advantage

= This means they are more likely to survive to reproductive age and be able to pass on theirgenes to
their offspring

= Overmany generations, the frequency of the gene for brown fur willincrease and the frequency of the
gene for white fur will decrease

REPRODUCTION
OVER ONE
GENERATION

RABBIT DOESN'T SURVIVE
DUE TO PREDATION AND
SO DOESN'T REPRODUCE

Selective pressures acting on a rabbit population for one generation—predation by foxes causes the
frequency of rabbits with brown fur to increase and the frequency of rabbits with white fur to decrease

= Rememberthat organisms better suited to their environments are more likely to survive
= However, this does not mean their survival is guaranteed

= Organisms that are less suited to an environment are still able to survive and potentially reproduce
within it
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= However, theirchance of survival and reproductionis lower than the individuals that are better-

adapted

organism, can change over time

Also, itisimportant to be aware that an environment, and the selection pressures it exerts onan

= Whenachange occurs then a different characteristic may become more advantageous

environment they arein

Finally, remember that all organisms (not just animals) experience selection pressures as aresult of the

2]

|L| THERE IS VARIATION WITHIN
THE PEPPERED MOTH

POPULATION.

LIGHT MOTHS > DARK MOTHS

POLLUTION LEADS TO DARKER
BARK ON TREES. THE
ENVIRONMENTAL CHANGE IS
BENEFICIAL TO THE DARK

MOTHS. THEY NOW HAVE THE
ABILITY TO CAMOUFLAGE AGAINST
THE BARK OF THE TREES

DARK MOTHS ARE
NOW MORE LIKELY
TO SURVIVE AND
REPRODUCE, PASSING
ON THEIR ALLELES
FOR A DARK
PHENOTYPE TO
THEIR OFFSPRING

|_3J LIGHT MOTHS ARE NOW MORE
LIKELY TO BE EATEN BY BIRDS,
AND LESS LIKELY TO REPRODUCE

[5_’ OVER TIME, THERE IS A GRADUAL
INCREASE IN THE PROPORTION OF
DARK MOTHS.

DARK MOTHS > LIGHT MOTHS

Another good example of natural selection is the evolution of the peppered moth
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Speciation

Speciationis the generation of new species through evolution

It occurs when populations of a species become isolated and adapt to their environments in different
ways

Overtime, these populations become so different that they can no longer interbreed with each other
to produce fertile offspring

When they cannotinterbreed in this way, they are considered separate species

o

Examiner Tips and Tricks

There are many examples of natural selection and you cannot possibly be familiar with all of them,
however, they ALL follow the same sequence:

Based onthe idea that within a species there is always variation due to chance mutations, some
individuals will develop a characteristic that gives them a survival advantage that allow them to live
longer, breed more, and be more likely to pass their genes on. Repeated over generations, the
advantageous characteristic will become the norm within a population.
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Assessing Biodiversity

Species Diversity
= Speciesrichnessis the number of species in a community ordefined area
= |nsome cases, it canbe auseful measure to compare the biodiversity of different areas
= However, in other cases, speciesrichness can be a misleading indicator of diversity
= Thisisbecauseit does not take into account the number of individuals of each species

= Oncethe abundance of each speciesinan areahas beenrecorded, the results canbe used to
calculate the species diversity for that area

= Speciesdiversity looks at the number of different speciesin an area but also the species evenness

= Species evennessis the evenness of abundance across the different species (i.e. their
relative abundances)

Speciesrichness vs species diversity

= Speciesdiversity isa much more informative measurement than speciesrichness and
conservationists often favour the use of species diversity as it takes into account both species
richness and evenness

= Forexample:
= ArealandArea?2bothcontainfourtree species

= However, Area 2 is actually dominated by one species andinfact, one of the speciesis veryrare
(only one individual)

= Although the two areas have exactly the same speciesrichness, Area 1has a higher species
evenness (and therefore a higher overall species diversity) than Area 2

= Thisexampleillustrates the limitations of using just species richness onits own
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AREA 1 AREA 2

252 122

$.4.0.0.] [$. 8.9,

Arealand Area 2 have the same species richness but different species evenness. As it has a higher
species evenness, the overall species diversity of Area 1is higher than that of Area 2, as species diversity
takes both richness and evenness into account

Simpson's Diversity Index

= Biological communities can be described and compared through the use of diversity indices
= These are mathematical tools used to quantify the diversity of species within a community

= Theseindices provide a measure of the variety of species present, as well as their relative abundances
= Theycanbe usedto compare different communities or to track changes in diversity over time

= Acommonly used diversity indexis Simpson's index

Calculating Simpson’s diversity index
)
Worked Example

= Agroup of students used the kick sampling technique to collect, identify and count the
invertebratesinhabiting ariver

= Samples were obtained from different sites along the course of the river
= The datawasusedto calculate the Simpson's diversity index at two differentriver sites
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= Thisindex of diversity is useful when comparing two similar habitats, or the same habitat

overtime
= The formulafor calculating Simpson's Diversity Index, D, is:

NN-1)

Zn(n—-1)

= Where:

= D=Simpson's diversity index
= N =total number of individuals sampled
= n=number of individuals of each species
Data Collection Table

Species Mean number of organisms per m? of river bed
SiteA SiteB

Mite 14 0

Snail 9 0

Leech 3 26

Worm 0 6

Flat worm 132 9

Mayfly nymph 43 0

Olive mayfly nymph 154 0

Midge Larva 0 10

Blackfly larva 77 0

Caddislarva 15 1

Fish 1 0

Freshwater shrimp 211 6

Waterhoglouse 0 40

SiteA
Species Number (n) n(n-1)
Mite 14 182
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Snail 9 72
Leech 3 6
Worm 0 0
Flatworm 132 17292
Mayfly nymph 43 1806
Olive mayfly nymph 154 23562
Midge Larva 0 0
Blackfly larva 77 5852
Caddislarva 15 210
Fish 1 0]
Freshwater shrimp 21 44 310
Waterhoglouse 0 0
Total N=3n=659 yn(n-1)=93292
N(N-1) _ 659(658)
D= Tata-1) T om0z T 4®
SiteB
Species Number (n) n(n-1)
Mite 0 0
Snail 0 0
Leech 6 30
Worm 26 650
Flatworm 9 72
Mayfly nymph 0 0
Olive mayfly nymph 0 0
Midge Larva 10 90
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Blackfly larva 0 0
Caddislarva 1 0

Fish 0 0

Freshwater shrimp 6 30
Waterhoglouse 40 1560

Total N=3>n=98 yn(n-1)=2432

N(N-1) _ 98(97) _

Sn(n—1) 2432

= 3.91

= By comparing the diversity indices for Site A and Site B, we can see that Site Bhas alower

species diversity

= The value of D will be higher where there is greaterrichness (number of species) and
evenness (similarabundance)
= Thelowest possible value forDis1

=

Examiner Tips and Tricks

Remember, thisindex of diversity is only useful when comparing two similar habitats, or the same

habitat over time.

You will be provided with the formula for Simpson’s Index in the exam but you need to know how to
use it to calculate Simpson’s Diversity Index for example sets of data.
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Biodiversity Management V4

Your notes

Biodiversity Management

Importance of biodiversity management

= Bijodiversity refers to the variety of life on Earth, including ecosystems, habitats, species and genetic
diversity

= Managing biodiversity is crucial for many reasons, including:
= Ecosystem stability—biodiversity maintains ecosystemresilience to environmental changes

= Medicine and pharmaceuticals—many medicines are derived from biodiversity, offering potential
treatments for various diseases

= Cultural and spiritual significance—biodiversity holds cultural and spiritualimportance,
preserving traditional knowledge

= Economic benefits—biodiversity contributes to tourism and livelihoods, supporting local
economies

= Climate regulation—ecosystems help mitigate climate change by sequestering carbon dioxide

= Pollination and food security—biodiversity, especially pollinators, is essential for crop pollination
and food production.

Gathering Knowledge of Biodiversity

= Effective biodiversity management requires comprehensive knowledge at both global and regional
levels

Global biodiversity data collection
= International organisations:

= Organisations like the IUCN (International Union for Conservation of Nature) and WWF (World
Wildlife Fund) gather data globally

= Forexample, the IUCN Red List categorises species based on their extinction risk
Regional biodiversity data collection
= National and local agencies:

= Government-funded agencies, such as Natural England in the UK, collect data onlocal species
and habitats
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= Forexample, Natural England conducts surveys on bird populations to monitor their status
= Citizenscience:

= |nvolves public participationin scientific research
= Volunteers collect data onlocal wildlife, which is then used by scientists

= Forexample, the Big Butterfly Count in the UK engages the public in counting butterfly
species

= Voluntary organisations:
= NGOslike The Wildlife Trusts (UK) work onlocal biodiversity projects

= Forexample, the Wildlife Trusts have along-term hedgehog monitoring programme
Training for data collection

= Indigenous people:
= |ndigenous communities often possess detailed traditional knowledge of local ecosystems
= Training helps integrate their knowledge with scientific methods
= Forexample, indigenous rangersin Australia are trained to monitor and protect native species
= Parabiologists:
= Thesearelocal people trained to assist in biological research
= Theybridge the gap betweenlocal communities and scientific researchers

= They may be used to gatherinformation for use in conservation management

Biodiversity management strategies
= There are many different biodiversity management strategies but the main categories are:
= The creation of protected areas
= Therestoration of existing but damaged habitat
= Theimplementation of sustainable management strategies
= Protectedareas:
= Creating parks, reserves and conservation areas
= Forexample, the establishment of marine protected areas to safeguard coral reefs
= Habitat restoration:

= Restoring degraded ecosystems to their natural state
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= Forexample, rewilding projectsinvolve the restoration of ecosystems by reintroducing native /
species to their original habitats
= Sustainable practices: Your notes

= Encouraging sustainable agriculture, forestry and fishing

= Forexample, certification schemes like Fair Trade promote sustainable farming practices
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Genetic Diversity (HL)

Genetic Diversity

DNA, chromosomes and genes

= DNAisthe molecule that carries genetic informationin all living organisms

= Genes are specific sequences of DNA that code for particular traits or proteins in an organism
= Eachgene controls a certain characteristic or function

= Chromosomes are long strands of DNA tightly coiled together
= Forexample, humans have 46 chromosomes, arranged in 23 pairs
= Each paircarries genesinherited from both parents

= The genomeis the complete set of genes or genetic material in an organism
= Everyliving thing hasits own unique genome

= Genetic diversity refers to the variation in genes between individuals within a species

= Thisdiversity is very important for the survival and adaptation of populationsin changing
environments

e DNA STRAND

NUCLEUS CONTAINS

DNA DOUBLE o
CHROMOSOMES

A CHROMOSOME
(A LONG STRAND OF DNA _
WRAPPED AROUND
PROTEINS)

#Fsave myexams

Genes are short lengths of DNA that code for a protein—they are found on chromosomes

Page 18 of 47

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers

'4

Your notes


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

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

How genetic diversity arises

Mutation and genetic diversity
= Mutations are random changes in the DNA sequence
= They can occurnaturally during cell division or due to environmental factors like radiation
= Mutations create new versions of genes known as alleles
= These changes canintroduce new traits into a population

= Forexample, anew allele might provide resistance to a certain disease or the ability to digest a
new food source

= Most mutations are neutral, meaning they have no effect on the organism

= However, some can be beneficial (increasing survival chances) or harmful (leading to genetic
disorders)

= Forexample,in some human populations, a mutation in the CCR5 gene provides greater
resistance to HIV infection

Sexual reproduction and genetic diversity
= Sexual reproduction combines genetic material from two parents
= Anindividual's gametes are genetically distinct from each other

= Depending onwhich gametes fuse together during fertilisation, the offspring created will always
be genetically distinct

= Thisresultsin offspring with a unique set of genes

= The genetic recombination that occurs during reproduction (i.e. the mixing of DNA from both parents)
leads to new combinations of alleles in the offspring

= Forexample, human siblings (except foridentical twins) have different combinations of their
parents' genes, leading to genetic variation within a family

Importance of genetic diversity
= Survival and adaptation:

= High genetic diversity gives populations a greater ability to adapt to changing environments

= |[fanewdisease, new predator, new food source or climate change occurs, some individuals may
have the right genetic traits to survive. Forexample:
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= |nagriculture, maintaining genetic diversity in cropsisimportant for resilience to pests and /

diseases
Your notes
= Some corals have specific genes that code for proteins helping them survive higher

temperatures

= Genetic diversity in these heat-tolerance genes can allow certain corals to withstand warming
ocean temperatures, while others without these genes may bleach and die
= Reducedrisk of inbreeding:

= |npopulations with low genetic diversity, individuals are more likely to inherit harmful mutations
due toinbreeding (mating between closely related individuals)

= Thiscanleadto genetic disorders orreduced survival rates

= Forexample, cheetahs have low genetic diversity, making them more vulnerable to disease and
reproductive issues
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Reproductive Isolation (HL) 4

Your notes

Reproductive Isolation

= Reproductive isolation occurs when different populations of a species can no longer interbreed

= This prevents gene flow between the populations, i.e. they no longerinterchange genes with each
other during the production of offspring

= Thisleads to the development of new species over time (speciation)

= |tcanoccurdue to physical barriers (geographicalisolation) or differences in behaviour or ecology
(behavioural orecologicalisolation)

Types of reproductive isolation

Geographical isolation

= Geographicisolation occurs when physical barriers like rivers, mountains, or oceans separate
populations

= This prevents mating betweenindividuals from each population

= Speciation happens because, over time, these populations evolve differently due to theirunique
environments

= Random mutations within each population also change the alleles present in each population

= Whenthe genetic differenceslead to aninability of members of the populations to interbreed
and produce fertile offspring, speciation has occurred
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TWO POPULATIONS PHYSICAL BARRIERS POPULATIONS DEVELOPMENT
OF THE SAME == | SEPARATE m== | ADAPT TO =) | OF A NEW
SPECIES POPULATIONS NEW SPECIES

(= INDIVIDUAL ENVIRONMENTS

ORGANISM)

Speciation occurring due to geographical isolation of two populations of the same species

= Example: bonobos and common chimpanzees
= Bonobos and common chimpanzees were once part of the same species
= The Congo Riverin Africa separated the two populations, preventing interbreeding

= Overtime, the two populations developed different physical and behavioural traits, eventually
becoming distinct species

Ecological and behavioural isolation

= Populationsliving in the same area (no geographic barriers) can become reproductively isolated if they
occupy different ecological niches or develop different behaviours

= These differences prevent the populations frominterbreeding, even though they live close together
= |Inthe example below, the insects often mate in the same location they feed

= Assome individuals start to change theirfood source, mating between the two groups of insects
startsto decrease

= Overtime, two distinct populations form which no longerinterbreed
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Reproductive separation of two populations can lead to speciation

= Example: apple maggot fly (Rhagoletis pomonella)

= Originally, the apple maggot fly laid its eggs on hawthorn trees in North America

= Whenapple trees were introduced, some flies started laying eggs on apples

= Thetwo groups of flies have become behaviourally isolated because they now mate on different

plants

= Thishasledto the early stages of speciation

= Otherexamples of ecological or behavioural changes that can lead to reproductive isolationinclude:

= Seasonal changes:

= Someindividualsin a population may develop different mating or flowering seasons
(becoming sexually active at different times of the year) to the rest of the population (i.e. their
reproductive timings no longer match up)

= Mechanical changes:
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= Someindividualsin a population may develop changes in their genitalia that prevent them
from mating successfully with individuals of the opposite sex (i.e. theirreproductive body
parts nolonger match up)
= Behavioural changes:

= Someindividualsin a population may develop changes in their courtship behaviours,
meaning they can no longer attract individuals of the opposite sex for mating (i.e. their
methods of attracting a mate are no longer effective)

High rates of endemism onisolated islands
= Endemism refersto species that are found only in one specific geographical area, like anisland

= |slands, especially those far from the mainland, often have high rates of endemic species due to
geographicalisolation

= Forexample, pygmy three-toed sloths are only found on a smallisland off the coast of Panama
= Example: Hawaiian honeycreepers
= Hawaiian Honeycreepers are a group of birds found only in the Hawaiian Islands

= There are many different species of honeycreepers, and each one has adapted to a specific niche
within the environment

= Some species are found on specific islands, while others may be spread across multiple islands,
but all are endemic (found only in Hawaii)

= Theisolation of the islands created unique conditions for these birds to evolve separately, leading
to many different species that exist nowhere else in the world

o

Examiner Tips and Tricks

Remember that speciation often takes a very long time to occur, even after reproductive isolation
has occurred. Enough genetic differences between the populations need to accumulate before
two new species are formed.

Make sure you're familiar with key terms like reproductive isolation, speciation, endemic species,
and behaviouralisolation.
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Biodiversity Hotspots (HL) /

Your notes
Biodiversity Hotspots
What are biodiversity hotspots?

= Bijodiversity hotspots are areas on Earth that contain alarge number of different species, particularly
those that are:

= Rare
= Endemic (found onlyinthat area)
= Endangered

= Theseregions are critical for conservation because they often have species that are not found
anywhere else in the world

= Hotspots are regions of high biodiversity

= However, they are also often the regions that are most under threat from human activities such as
deforestation, pollution, and habitat destruction

Hotspot criteria
= To qualify as abiodiversity hotspot, an area must meet two main criteria:
1. High endemism: the area must contain at least 1,500 species of vascular plants that are endemic

2. Significant habitat loss: the area must have lost at least 70% of its original natural vegetation—
thisindicates that the regionis under severe threat from human activities andis in urgent need of

conservation

= These criteria, developed by ecologist Norman Myers and used by Conservation International, focus on
areas of both high biodiversity and critical levels of habitat loss
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Map showing biodiversity hotspots across the globe

= The Amazonrainforest does not currently qualify as a biodiversity hotspot because it has not yet met
the second key criterion for being classified as one

= Althoughitis facing significant deforestation and other threats, the Amazon has not yet reached
the 70% threshold of habitat destruction, though deforestationrates are increasing

Uneven distribution of biodiversity
= Biodiversity is not evenly spread across the planet

= Some areas, like the poles, have low biodiversity, while others, like tropical rainforests, have very
high biodiversity

= Hotspots make up less than 3% of Earth's surface but contain more than half of the world’s plant
species and alarge percentage of its animal species

= Hotspots are oftenlocated in areas with unique climates and geographical features, which allow
species to evolve and adapt to specific niches

Hotspotsin tropical biomes
= Many hotspots areintropical biomes

= Tropical biomes tend to have the highest levels of biodiversity
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= Thewarm, wet conditionsin tropical rainforests, forexample, support a wide range of plants,
insects, birds, and mammals
= Examples of tropical hotspotsinclude:

= The Coral Triangle in Southeast Asia, home to more than 600 species of reef-building corals

= The Madagascar hotspot, where over 90% of the species are endemic
= Tropical biomes are mainly foundin a band between 15° north and 15° south of the equator within the
equatorial climate zone

= Coveringonly 6% of the Earth's surface, the main areas covered by tropical ecosystems are in the
following countries:

= Amazon: the largest remaining rainforest on Earth, usually associated with Brazil but covering parts
of seven other countries in South America

= Central America: including parts of Belize, Costa Rica, El Salvador, Guatemala, Honduras,
Nicaragua, and Panama

= Central Africa: including Cameroon, the Central African Republic, the Republic of Congo, the
Democratic Republic of Congo (DRC), Equatorial Guinea and Gabon

= Indo-Malaysia: including Malaysia, Indonesia and a number of other countries in South-East Asia
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Distribution of the equatorial climate
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Examiner Tips and Tricks

Remember that a biodiversity hotspot must meet two criteria that require: having a certain number
of endemic species and experiencing a certain level habitatloss. The Amazonrainforest is often
mistakenly described as a biodiversity hotspot.
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Human Impacts on Evolutionary Processes (HL) /
Your notes

Human Impacts on Evolutionary Processes

= Evolutionrefers to the changesin the genetic diversity of populations over generations
= Evolutionis driven by the process of natural selection

= Traits that help organisms survive and reproduce are passed on more frequently, allowing species
to adapt to their environment

= Human activities have altered natural environments, creating new pressures on species andinfluencing
evolutionary processes

How human activities are affecting evolution

Climate change
= Climate change, mainly caused by burning fossil fuels, is altering ecosystems and habitats

= Forexample, warmer temperatures are forcing some species to adapt quickly, such as Arctic animals
like the polar bear

= Polarbears are facing evolutionary pressure due to melting seaice

= Theyrely onseaice to huntseals, theirmainfood source

= Asice meltsearlierin the yearand forms later, polar bears have less time to hunt
= Thishasledto:

= Smaller body size: some polarbears are reaching smaller adult body size due to reduced food
availability

= Shifts in hunting behaviour: polar bears are increasingly forced to hunt on land, where food
sources are less abundant, which could eventually lead to long-term evolutionary changesin
their diet and behaviour

= Increased land travel: some polarbears are adapting by moving overlarger areas to find food,
potentially favouring individuals that are better at long-distance travel

= Climate changeis driving both behavioural and physical adaptationsin polarbears

= Asenvironments change rapidly, only individuals with specific traits may survive, causing
evolutionary shiftsin the population

= This couldlead to future evolutionary changes in polar bear populations
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Hunting, poaching, and harvesting
= Hunting and poaching puts direct pressure on specific species
= This canleadto changesinthe traits that help the individuals of these species to survive

= Forexample, in Gorongosa National Park, Mozambique, poaching forivory during the civil warled to an
increase in tuskless elephants

= Poachers were less likely to kill elephants without tusks
= Qvertime, tuskless elephants have become more common due to this selective pressure
= Asaresult of human actions driving natural selection, the tuskless trait has become more common

= |nsome fish populations, overfishing of large fish has led to a population dominated by smaller
individuals, as larger fish are more likely to be caught

Creation of new habitats and fragmentation

= Human activities like urbanisation and agriculture lead to habitat fragmentation and the creation of
new environments

= This puts pressure on native species to adapt ormove away

= Urban areas favour species that can adapt to human environments, such as pigeons and rats,
which evolve to thrive in cities

= These species may evolve traits such as greater tolerance to pollution or greater ability to find food
in human-dominated areas

o

Examiner Tips and Tricks

Try to familiarise yourself with some other examples of humans influencing evolution in other
species. Forexample, pesticide-resistantinsects: the overuse of pesticidesin agriculture hasled to
the evolution of pest species that are resistant to these chemicals, making pest control more
difficult. Similarly, overuse of antibiotics in humans and livestock has led to the evolution of
antibiotic-resistant bacteria (e.g. MRSA), which are harder to treat.

\
Artificial Selection

What s artificial selection?

= Artificial selectionis the process by which humans deliberately choose specific plants or animals to
breed based on desirable traits
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= Forexample, farmers might breed crops with higheryields or livestock that grow quickly
= This processis known as selective breeding

= Humans have been selectively breeding organisms for thousands of years, long before scientists
understood the genetics behind it
= Artificial selectionis different to natural selection, where environmental pressures determine which
traits become more commonin a population over time

= Natural selectionis not directed by humans (it is not deliberate)
Selective breedingin animals

= Humans selectively breed animals for a variety of traits, including:
= Cows, goats and sheep that produce a higheryield of milk or meat
= Chickensthatlaylarge eggs
= Domestic dogs that have a gentle nature
= Sheep with good quality wool
= Horses withfine features and a very fast pace

= Anexample of an animal that has been selectively bred by humansin many ways to produce breeds
with many different characteristics is the domestic dog, all breeds of which are descended from
wolves

#Fsavemyexams

Selective breeding has produced many different breeds of domestic dog
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Selective breedingin plants

= Humans selectively breed plants to develop a variety of traits, including:

Diseaseresistancein food crops

Increased cropyield

Hardiness to weather conditions (e.g. drought tolerance)
Better tasting fruits

Large orunusual flowers

= Anexample of aplant that has been selectively bredin multiple ways is wild brassica, which has given
rise to cauliflower, cabbage, broccoli, Brussels sprouts, kale and kohlrabi
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How does artificial selectionreduce genetic diversity? /
= Whenbreeders choose individuals with specific traits to reproduce, only the genes for those traits are Your notes
passedon

= Thisreduces the overall number of different genes in the population, making the gene pool smaller

= Thisreductionin genetic diversity can make populations more vulnerable to diseases and
environmental changes

= Forexample, many commercial crops like bananas and potatoes have very low genetic diversity
(they are all very genetically similar), making them vulnerable

= Panamadisease has devastated many banana plantations
= With less genetic variation, populations lack the flexibility to adapt to changes

= Thiscanreduce theirresilience to challenges like climate change or new pests and diseases

Economic and environmental implications
= Economic value:

= Artificial selection canincrease crop yields and livestock productivity, providing short-term
economic benefits

= Forexample, dairy cows have been selectively bred to produce more milk, benefiting the
dairy industry

= Environmental vulnerabilities:

= Thelack of genetic diversity can make artificially selected breeds more vulnerable to sudden
environmental changes

= Thiscanleadto crop failure orlarge-scale livestock deaths
= This canhave significantlong-term economic costs

= Forexample, the Irish potato famine in the 1840s was made worse because people
depended on asingle potato variety that was vulnerable to potato blight disease
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The Geological Timescale (HL) /

Your notes

The Geological Timescale

= The geological timescale provides a framework forunderstanding Earth's 4.5 billion-year history
= |thelps scientists study how life has evolved inresponse to changing environments over long periods

= Thetimescaleis essential forunderstanding the history of the planet and the organisms that have
livedonit

Role of fossils in evolution
= Fossils are the preserved remains or traces of ancient organisms
= Theyareimportant sources of evidence forunderstanding how life has changed overtime

= By studying fossils, scientists can track the evolution of species and identify when different groups
first appeared or went extinct

= Forexample, the transition from fish to amphibians can be traced through fossil evidence, showing
how certain traits evolved to adapt to land environments

Structure of the geological timescale
= The geological timescale is divided into eons, eras, periods, and epochs

= Eachlevelrepresents significant stagesin Earth's geology and life and changes in these time frames
are marked by major geological and biological events

Eons
= There are fourmain eonsin Earth’s history:
= HadeanEon (4.5to 4 billionyears ago): The formation of Earth, with a molten surface and nolife

= ArcheanEon (4 to 2.5 billionyears ago): The appearance of the first simple life forms, such as
bacteria

= Proterozoic Eon (2.5 billion to 541 million years ago): Development of more complex life, including
multicellular organisms

= Phanerozoic Eon (541 million years ago to present): Marked by an abundance of fossils and the
rapid evolution of life forms

Eras

= The Phanerozoic Eonis divided into three eras:
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= Paleozoic Era (541to 252 million years ago): Development of diverse marine life and the /

colonisation of land by plants and animals
Your notes
= The Mesozoic Era (252-66 million years ago), also known as the age of reptiles, whichincluded

dinosaurs, was notable forits significant changesin flora and fauna

= Cenozoic Era (66 millionyears ago to present): The age of mammals and birds, leading to the rise
of humans

Periods and Epochs
= Significant events further divide each erainto periods and epochs:

= Forexample, the Cretaceous Period (145 to 66 million years ago) ended with the mass extinction of
dinosaurs

= ThePleistocene Epoch (2.6 millionto 11,700 years ago) saw the rise of ice ages and the evolution
of modernhumans

- - Era H Period Epoch
& ol —=— Today
5 Quaternary 9 OCENE | «-11.8Ka
o Pleistocene
\ Renaans Pliocene
Cenozoic & Miocene
Oligocene
Paleogene Eocene
Paleocene | _ /o
Cretaceous =
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g | Froterozoic --25Ga
- - 4.0 Ga
—=—4.54 Ga

Page 36 of 47

© 2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



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

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

The geological timescale. Image by Jonathan R. Hendricks. CCBY-SA 4.0 /

Your notes
Major geological and biological events

= Changesinthe geological timescale are often linked to major events

= Mass extinctions: These events, such as the Permian-Triassic extinction (around 252 million years
ago), greatly reduced biodiversity and allowed new species to evolve

= Environmental changes: Shifts in climate, land formation, and ocean currents influenced how life
adapted and evolved

o

Examiner Tips and Tricks

You don't need to memorise the names of every individual level or stage of the geological timescale.
However, you should remember:

= The order of divisions in the geological timescale: eons > eras > periods > epochs

= These stages mark major geological and biological events that influenced the evolution of life
on Earth
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Mass Extinctions (HL) /

Your notes

Mass Extinctions

What is a mass extinction?
= Massextinctionis awidespread and rapid decrease in the diversity of life on Earth

= |thappenswhen asignificant proportion of Earth's species die off in arelatively short period of
time

= Atleast 75% of species are wiped out in a mass extinction event
= There have been five major mass extinctions in Earth's history

= Eachhassignificantly reshaped life on the planet

The five major mass extinctions

1. Ordovician-Silurian Extinction (approx. 444 million years ago)
= This was the first mass extinction
= [tmainly affected marine life, as most species lived in the oceans at the time
= Around 85% of marine species became extinct
= Possible causesinclude:
= Climate change (glaciation and global cooling)
= Sealevel drop, whichreduced habitat space for marine species
2. Late Devonian Extinction (approx. 375 million years ago)
= This event took place over millions of years and impacted marine ecosystems
= 75% of all species died out, including many species of corals and fish
= Possible causesinclude:
= Volcanic activity, leading to climate change
= Decreased oxygenlevelsin oceans (hypoxia)

3. Permian-Triassic Extinction (approx. 252 million years ago)

= Known as the 'Great Dying', it was the most severe mass extinction.
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= 96% of marine species and around 70% of land species became extinct
= Possible causesinclude:
= Massive volcanic eruptionsin what is now Siberia

= Thevolcanic activity released huge amounts of carbon dioxide, causing global warming and
ocean acidification

= Some scientists suggest this event was made worse by methane gas being released from
meltingice
4. Triassic-Jurassic Extinction (approx. 201 million years ago)

= This extinction was followed by the dominance of dinosaurs
= Around 80% of all species died out
= Possible causesinclude:
= Volcanic activity linked to the breakup of the supercontinent Pangaea

= Resulting climate changes and sea-levelrises

5. Cretaceous-Paleogene Extinction (approx. 66 million years ago)
= Thisis the most famous mass extinction, known for the extinction of the dinosaurs

= Around 75% of species became extinct, including all non-avian dinosaurs, pterosaurs, and
ammonites

= Possible causesinclude:
= Alarge meteorite impactin whatis now the Yucatan Peninsula in Mexico (Chicxulub crater)
= This caused fires, tsunamis, and dust clouds that blocked out sunlight, disrupting the climate

= Massive volcanic activity in India, causing short-term global cooling and acid rain, may have
contributed

What causes mass extinctions?

Tectonic plate movements
= Tectonic plates are large slabs of Earth's crust that move over time, reshaping continents and oceans
= When plates move, they can cause habitatloss by altering land masses and changing ecosystems.

= Formation of supercontinents like Pangaea combined previously separated land masses,
reducing coastal areas and shallow seas, which are rich in biodiversity

= Thisledtowidespread speciesloss, particularly in marine environments
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= Plate movements can also trigger volcanic activity and earthquakes /
= These events can significantly impact life by destroying habitats and releasing gases into the Your notes
atmosphere

Super-volcanic eruptions

= Super-volcanoesrelease massive amounts of ash, lava, and gases (such as sulphur dioxide and carbon
dioxide) into the atmosphere

= This canblock sunlight, leading to a temporary cooling of the Earth known as a 'volcanic winter'

= Thereduced sunlight can cause plants to die off, disrupting food chains and leading to the
collapse of entire ecosystems

= The Siberian Traps eruptions at the end of the Permian period released enough gases and ash to
cause global temperatures to plummet and acidify the oceans

Climate changes

= Massextinctions can be caused by both global cooling (ice ages) and global warming (greenhouse
effects)

= Global cooling canreduce biodiversity by shrinking marine habitats and lowering temperatures
beyond the tolerance of many species

= The Ordovician-Silurian extinction was triggered by anice age, which reduced shallow marine
habitats

= Global warming canlead toincreased temperatures, habitat destruction, and ocean acidification

= Warming can cause polarice caps to melt, raising sea levels and altering ecosystems

Sea-level changes
= Fluctuating sealevels can drastically reduce or expand habitats, particularly for marine species

= Sea-level decline can expose shallow seas and coastal habitats, reducing the space available for
organisms that rely on these environments

= Thisis particularly destructive to coral reefs, mangroves, and other coastal ecosystems, which are
biodiversity hotspots

= Sea-levelrise can flood terrestrial areas, displacing land species and altering ecosystems
Meteorite impact
= |arge meteorites orasteroids crashinginto Earth can cause massive destruction on a global scale

= Uponimpact, meteorites create shockwaves and fires, but the more long-term damage comes from
dust and debris throwninto the atmosphere
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= Thisdebris can block sunlight for months orevenyears

= This cools the planet and disrupts photosynthesis, leading to a breakdown of food chains

Rapid speciation after mass extinctions
= Speciationis the process by which new species evolve
= Afteramass extinction, many ecological niches become available due to the extinction of species
= Surviving species often undergo rapid evolution to fill these empty niches
= Thisisthereasonwhy periods of rapid speciation frequently follow mass extinctions

= Forexample, afterthe Cretaceous-Paleogene extinction, mammals diversified and evolved
into many new species, leading to the eventual rise of humans

The sixth mass extinction (anthropogenic extinction)
= Anthropogenic means caused by humans
= Scientists believe a sixth mass extinction has begun, driven by human activities including:
= Habitat destruction, such as deforestation and urbanisation
= Climate change caused by burning fossil fuels is altering habitats and weather patterns

= Overfishing, hunting, and pollution (e.g. plastic pollution, pesticides) are further threats to
biodiversity

p
Examiner Tips and Tricks
Make sure you are able to explain how different factors (volcanic eruptions, sea-level changes, etc.)
contribute to mass extinctions.

\
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The Anthropocene (HL) /

Your notes

The Anthropocene
What is the Anthropocene?

= The Anthropoceneis a proposed geological epoch

= Scientists have suggested that humans have become a dominant force shaping the Earth’s
environment and climate

= The Anthropoceneis not yet an officially recognised epoch

= However, it still highlights the extent to which human activities, like industrialisation, deforestation,
and urbanisation, are driving:

= Rapid environmental change
= Species extinction

= Humanimpacts are so significant that they are leaving permanent records on Earth's geology,
atmosphere, and ecosystems

Debate over the Anthropocene

= Thereis debate among scientists about whether the Anthropocene should be considered separate
from the current Holocene epoch, which began around 11,700 years ago after the last Ice Age

= Some scientists argue that human impacts are significant enough to define anew epoch
= Othersbelieve these changes (e.g. in climate) are part of the natural variability of the Holocene

= The starting point of the Anthropocene is also debated, with different proposals for when it began

Proposed start dates for the Anthropocene
= 1610 carbon dioxide dip:

= One proposed markeris a dip in carbon dioxide levels around 1610, following the arrival of
Europeansin the Americas

= Thisdropin CO2is believed to be caused by the decline of Indigenous populations due to
European diseases, warfare, and slavery, whichled to the reforestation of previously farmed lands

inthe Americas

= These new forests absorbed more CO2, leading to a detectable drop in the atmosphere
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= Thisis sometimesreferred to as the "Orbis spike" and is considered one potential starting point /
forthe Anthropocene
= 1950 spherical fly ash particles: Your notes

= Anothersuggested markeris the appearance of spherical fly ash particles in the geological record,
beginning around 1950

= These particles were created by the burning of fossil fuels in coal-fired power plants

= The particles have since spread globally, leaving a clear, human-made trace in the Earth's
sediments

= The1950s also saw the beginning of the "Great Acceleration”, when humanimpacts on the
environment, such as pollution and greenhouse gas emissions, increased dramatically

= 1964 carbon-14 markers:

= The 1964 spikein carbon-14in the atmosphere, caused by nuclear weapons testing, is another
potential marker

= Nucleartests, particularly those conducted during the Cold War, released radioactive isotopes
like carbon-14 into the atmosphere

= Theseisotopes settledinto the Earth’s soils and sediments, creating a distinct signalin the
geologicalrecord
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Earth system trends 1800 — 2010 /

Your notes

1800 1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920 4930 1940 1950 1960 1970 1980 1990 2000 2010

KEY:

I = Terrestrial biosphere degradation: 3.53 > 28.57 X decrease of mean spedes a bundance
I = Domesticated Land: 0.08 > 0.38 2 of total land area

B = Tropical Forest Loss: 0.96 > 27.6 ¥ of total compared to 1700
[ = Costal Nitrogen: 0 > 79.7 megatons/year

[ = Shrimp Aquaculture > 3.77 megatons

B = Marine Fish Capture: > 64.14 megatons

[ = Ocean Addification: > 8.24 nmol kg —1

[ = Temperature anomaly: > 0,47 celcius

B = Ozone: >54.00 7 lost

[ = Methane: 705.34 >1744.07 PPB

1= Nitrous Oxide: 271.39 > 322.46 PPB

[ = Carbon Dioxide: 276.81> 384.27 PPM

Earth system trends of the "Great Acceleration" of the Anthropocene from 1800 to 2010
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Socioeconomic trends of the "Great Acceleration" of the Anthropocene from 1800 to 2010

1, SaveMyExams

Head to www.savemyexams.com for more awesome resources

Socioeconomic trends 1800—-2010

e

KEY:

I = International Tourism: O > 839.9 millions of arrivals
[ = Telecommunicatiens: O > 6.48 billion landlines & subscriptions
B = Transportation: 0 > 1281.35 mega vechicles

[ = Paper Production: O > 398.77 megatons

[ = Water Use: 0 >3.87 1000 km3

B = Large Dams: 0.06 > 31.63 > 15 meter height

[ = Fertillizer consumption: 171.46 megatons

[ = Primary engergy use: 16 > 533.37 exajoule

I = Urban Population: 0.05 > 3.5 billions

[ = Foreign Direct Investment: O > 1.3 trilion (2013 USD)
[1=Real GDP:0.35>50.15 trillion (2005 USD)

[ = World Population: 0.73 > 6.9 billions

Humanimpact on the planetary scale

Human activity is having a planetary effect on Earth's environment

= This effect willbe detectable in the geological record for millions of years.
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= This means future geologists could look at Earth's layers and see clear evidence of our presence (a
bit like how we study fossil records to understand ancient life forms)

Further evidence for the Anthropocene
1. Chemical pollution accumulating in geological strata:

= Human-made chemicals, such as plastics, pesticides, and industrial waste, are accumulatingin
soils and sediments around the world

= Microplastics are a clear example of human pollution that will be preservedin the Earth's strata far
into the future

2. Mixing of native and non-native species:

= Human activities have led to the mixing of native and non-native species through processes like
global trade and introduction of invasive species

= Speciesthat do not naturally interact now share ecosystems
= |nthe future, this mixing will be evident in the fossilrecord
3. Modification of terrestrial and marine sedimentary systems:

= Human activities, such as agriculture, deforestation, and urbanisation, are altering Earth's natural
sedimentary systems

= Thesechangesleadto:

= Increased soil erosion (large-scale agriculture and deforestation often leads to soil erosion,
where topsoil is worn away by wind or water)

= Changes toriver flows and coastal ecosystems (building cities and roads changes the natural
landscape, blockingrivers and coastlines, which affects sediment flow and canlead to
unnatural sediment build-up in some areas and erosionin others)

4. Minerals created by human activity:
= Humans are creating new types of minerals and materials that do not exist naturally
= E.g.concrete, plastics, and metal alloys

= These human-made materials will persistin the geological record for millions of years, providing
clear evidence of ourinfluence on the planet

o

Examiner Tips and Tricks
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Be careful—some students confuse the Holocene with the Anthropocene. Be sure to differentiate /

between the two, with the Anthropocene being marked by humanimpacts.
Your notes

Make sure you can discuss various types of evidence for these human impacts and how these willbe
preservedinthe geological record.
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