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The Three Domains of Life

Why Classify Organisms?

Taxonomy is the practice of biological classification

The phylogenetic classification system enables us to arrange species into groups based
on their evolutionary origins and evolutionary relationships

By grouping organisms into taxa, it can make them easier to understand and remember

There are several different ranks or levels within the hierarchical classification system
used in biology

= Thereis no overlap between groups

= Eachgroupis called ataxon (plural taxa)

= Multiple smallertaxa can be putinthe same larger taxa
Speciesis the lowest taxonomic rankin the system

= Similar species canbe groupedin agenus

= Similar genera can be groupedin a family

= Similar families can be groupedinto an order

= Similar orders canbe groupedinto a class

= Similar classes can be groupedinto a phylum

= Similar phyla canbe groupedinto a kingdom

= Similarkingdoms can be grouped into a domain
Domains are the highest taxonomic rank in the system

= Theyinclude the Archaea (prokaryotes), Eubacteria (prokaryotes) and Eukarya
(eukaryotes)

There are a few different rhymes that exist to help youremember the differentranksin
the taxonomic classification system. You can always make up your own but the one
below is super helpful!

= The firstletters of all the different ranks below the domains can be remembered as:
= KingsPlay Chess OnFancy Gold Squares

= Kingdom Phylum Class Order Family Genus Species

4

Your notes
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The different levels within the hierarchical classification system - the higher ranks contain
more organisms with less similarity between them, while the lower ranks contain fewer
organisms with more similarity between them

= Many different species with similar genotypes and phenotypes can be grouped
togetherinthe same genus

= They are, however, still separate species since they cannot produce fertile offspring
= Thisis known as the species concept

= Early classification systems only relied on the outward appearance (phenotype) of
organisms to classify them

= |Looks canbe deceivinghoweveras many non-related organisms share similar
phenotypes - e.g. whales and sharks

= Advancesintechnology, such as DNA sequencing, have made it possible
to compare the genotypes of organisms and provide clarity on the evolutionary
relationships between them

Binomial system
= Binomials are the scientific names given to individual species
= |tconsists of the organism’s genus and species name in modern Latin

= The genusnameis written first and is capitalised, while the species name comes
second and is not capitalised

= Both parts of abinomial are italicised

= Forexample, the binomial forhumansis Homo sapiens and the binomial for dogs is Canis
familiaris

= Binomials are extremely useful for scientists as they allow for species to be universally
identified - the binomial for a speciesis the same across the entire globe
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Five kingdoms 4
= Organisms can be placedinto one of five kingdoms Your notes

= Thisisbased onthe general features that groups of organisms within these
kingdoms share

Kingdom Prokaryotae (Monera)
= These are organisms that have prokaryotic cells which contain no nucleus
= Theyvaryin size overawide range, but are typically less than 5 pm

= Example: Staphylococcus pneumoniae is a bacteria species that causes pneumonia

Kingdom Protoctista

= AllProtoctista are eukaryotic, and this broad group of cellular life encompasses all
eukaryotic cells that do not belong to the other three eukaryotic kingdoms

= Members of this kingdom show great diversity in all aspects of life including structure,
life cycle, feeding, trophic levels and modes of locomotion

= They usually live in aquatic environments
= Protoctists can exist as single-celled organisms or as a group of similar cells
= Agroup of Protoctista known as protozoa possess cells similar to animal cells
= Theircells have no cell wall
= Another group of Protoctista known as algae possess cells similar to plant cells
= Theircells have cellulose cell walls and chloroplasts
= Stentorroseliis a protoctist that has flagella all overits body which help it feed and move
Kingdom Fungi

= Theoldest organisminthe worldis thought to be a fungus aged somewhere between
1500 -10,000 years old

= Allfungiare eukaryotic cells
= The cells of fungi:

= Possessnon-cellulose cell walls (often made of the polysaccharide chitin)
= Fungiare saprotrophs:

= They obtain this energy and carbon by digesting dead/decaying
matter extracellularly or from being parasites on living organisms

= Fungireproduce using spores that disperse onto the ground nearby
= Fungihave a simple body form:

= They canbe unicellular (like the common baker’s yeast Saccharomyces cerevisiae)
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= Some consist of long threads called hyphae that grow from the main fungus body ,
(mycelium)
Your notes
= Largerfungipossess fruiting bodies that release large numbers of spores

= Examples: moulds, yeasts, mushrooms

Kingdom Plantae
= Plants are multicellular eukaryotic organisms
= Plantcells:
= Allhave cell walls composed of cellulose
= Possesslarge (and usually permanent) vacuoles that provide structural support
= Are able to differentiate into specialized cells to form tissues and organs

= Possess chloroplasts (containing chlorophyll) that enable photosynthesis (not all
plant cells have chloroplasts)

= They are autotrophs

= This means they can synthesize their organic compounds and molecules for energy
use and building biomass frominorganic compounds

= Examples: mosses, ferns, flowering plants
Kingdom Animalia

= Animals are also multicellular eukaryotic organisms

= Animal cells:

= Are able to differentiate into many different specialised cell types that can
form tissues and organs

= Have small temporary vacuoles (for example, lysosomes)
= Have no cell walls

= They are heterotrophs
= Theyhave awide range of feeding mechanisms

= Examples: molluscs, insects, fish, reptiles, birds, mammals
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EUKARYA ,

Your notes

| PROTOCTISTA | | Funai | | PLANTAE |

2

The four kingdoms that fall under the domain Eukarya, representing the eukaryotes

o

Examiner Tips and Tricks

The binomial for a speciesis always typedinitalics orunderlined when handwritten.
The genus should always begin with a capital letter, and the species with alower case
letter.

iEvidence for Taxonomy

Inthe past, scientists encountered many difficulties when trying to determine the
evolutionary relationships between species

Using the physical features of species (such as colour/shape/size) has many limitations
and can often lead to the wrong classification of species

Advances in genome sequencing and immunology has allowed scientists to further
investigate the evolutionary relationships between species

This has led to many organisms being reclassified or changes being made to
the classification system structure

Scientific knowledge is constantly changing, as more technological advances are made

One such example is the three domain classification system, which was based on new
information obtained from molecular analysis of RNA genes in particular

= Using this new information,scientists have realised that using cell type to classify
organismsisinsufficient, and that prokaryotes could be divided into two separate
groups (domains)

= The three domains are:

= Archaea (prokaryotes)
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= Bacteria(prokaryotes) ,

= Eukarya (eukaryotes) Your notes

| PROKARYOTES | EUKARYOTES
EUBACTERIA ARCHAEA EUKARYOTES

e o e e - e e e e e e - - —_—— e ==

UNIVERSAL ANCESTOR

The taxonomic classification system within the three domains
= This new classification system was based on molecular phylogeny

= Phylogeny investigates the evolutionary history of different groups of organisms and
can specify how closely related they are

= Molecular phylogeny relies on similarities or differences of molecules (such as DNA, RNA
or proteins) between groups of organisms to determine how closely related they are

= The more similar the molecules, the more recent the common ancestoris that they
share

= Based onthe evidence that molecular phylogeny provided, it was determined that the
organisms in the kingdom Prokaryotae would be reclassified into two separate domains
-the Archaea and Bacteria

= Theevidence suggested that archaea and bacteria are less closely related to each
otherthan scientists originally thought

= QOrganisms from the other four kingdoms where placed in another domain - Eukaryota

Characteristics & Features of the Three Domains Table
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Feature Archaea Eubacteria Eukaryotes
Cell type Prokaryotic Prokaryotic Eukaryotic
Chromosome Circular Circular Linear chromosomes +

circular mtDNA and cpDNA

Cell membrane
lipids

Glycerol—ether lipids

Glycerol—ester lipids

Glycerol—ester lipids

Ribosomes 70S ribosomes but small | 70S ribosomes Larger 80S ribosomes in
subunit is more similar to cytosol and 70S ribosomes
eukaryotic ribosomes in mitochondria and

chloroplasts

Cell walls Always present Always present Sometimes present
(without peptidoglycan) | (with peptidoglycan) (without peptidoglycan)

Histones Yes No Yes

Introns Sometimes Rarely Yes

1, SaveMyExams

© 2026 Save My Exams, Ltd.

s

Your notes

Get more and ace your exams at savemyexams.com

8


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

The Variety of Life

HumanImpact on Variety of Life

1, SaveMyExams

4

Your notes

Evolution by the process of natural selection has increased the variety of life on Earth
overtime

Inrecent times, however, human activities have threatened many species with
extinction

The global human population has been growing exponentially for the last 150 years

There are many reasons for this exponential growth, including:

= Improved technology leading to an abundance of food = increase in birth rate

= Improved medicine, hygiene and health care = decrease in deathrate
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The human population is growing exponentially

Humans use many resources from the Earth such as land (for settlements and
agriculture), water, wood and fossil fuels

As the human populationincreases and countries become more

economically developed, our requirement for these natural resources also increases

© 2026 Save My Exams, Ltd.

Get more and ace your exams at savemyexams.com



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

This is having a harmful effect on many aspects of the environment, ,

including aquatic and terrestrial ecosystems, and our atmosphere and climate
Your notes
The damage to these ecosystems is negatively impacting

the species and habitats contained within them

This means that a conflict exists between human needs and the conservation of
biodiversity

The main factors affecting biodiversity today are:
= Habitat destruction
= Overexploitation
= Hunting
= Agriculture

= Climate change

Habitat destruction

Many human needs lead to natural environments being destroyed

Whenlandis cleared for agriculture, industry, energy production, housing, transport,
leisure facilities, waste disposal and water storage, thisresultsin:

= Habitatloss (plant and animals completely lose their habitats)

= Habitat fragmentation (habitats are divided into small areas - populations living
within these separated habitat fragments are more likely to suffer
from inbreeding orlocal extinction)

Deforestationis one of the most damaging forms of habitat destruction, as forest
habitats often have the highest levels of biodiversity

Marine habitats are also being destroyed, including:

= Coralreefs (some people use dynamite as an extreme way to catch fish, which
damages corals)

= Seabeds (fishing practices such as trawling, where nets are dragged along the sea
bed, destroy thisimportant habitat)

Overexploitation

Many of the natural resources exploited by humans are actually
being overexploited (they are being used up faster than they can be replaced)

Forexample, much deforestation is unsustainable as trees are removed but are not
replaced by replanting. Evenif they are replanted, the rate at which trees are
being removed far exceeds the rate at which they are growing back

Fish stocks are also being overexploited, which is also having a knock-on effect on
organisms that feed on these fish species, such as marine mammals and seabirds

Hunting
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= Huntingis anotherform of overexploitation, as many wild, non-farmed species of ,
animals are being hunted and removed more quickly than their wild populations can
be replenished Your notes

= Anexampleis the hunting of animals for 'bush meat' in developing countries
(including the hunting of primates such as monkeys and chimpanzees, as well as
othermammal and reptile species)

Agriculture
= Afterthe second world war, there was a massive change in how food was produced
= There was aneed to produce more food, at a quickerrate
= |twas thenthat modernfarming practices began:

= Farms became more specialised so they grew only one crop orraised one type of
livestock (monoculture)

= There was a switch to growing cereal crops rather than vegetables

= Fields were made bigger to accommodate machinery via the removal of
hedgerows and stonewalls

= Moreland was made arable by draining wetland and filling in ponds
= Theuse of fertilisers and pesticides massively increased

= Most of these modern farming techniques have had a major negative impact on the
level of biodiversity presentin farmed areas

= Monocultures support much lower levels of biodiversity compared to natural
habitats or even natural grazing land (that has a large variety of plant species present
which can support a much greaterrange and number of insect species and bird
species)

= Hedgerowsrepresent animportant habitat formany insects, small mammals and
birds, which can nest there. As hedgerows are beingincreasingly removed, this
habitat and the biodiversity it supportsis lost

= Fertilisers canleachinto waterways, causing eutrophication, which canlead to the
death of many aquatic invertebrate and fish species

= Pesticides (e.g. insecticides)used on cropskillinsect pests but also kill many non-
target species, includingimportantinsect pollinators like bees

Climate change

= Human-caused climate changeis causing weather patterns to change and
the frequency of extreme weather events, such as hurricanes, typhoons, floods and
droughts, toincrease

= [tisfeared thatclimate changeis now occurring too fast for many species to be able
to adapt to these changes, which could result in many species
becoming extinct and a major decline in biodiversity
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= Global warming (a result of climate change)is causing many species to move towards ,

the poles orto higher altitudes

Your notes
= However, these species may not be able to compete with, ormay even out-

compete, the species already present in these habitats, with either result leading
to decreased biodiversity

= Some species (such as plant species) may not be able to move or change their
distributions fast enough to adapt to increasing temperature and may go extinct as
aresult

= Global warming (and the human-generated CO; thatis the primary cause of this)is also
threatening marine biodiversity:

= |ncreasing atmospheric CO, is leading to more CO, dissolvingin
seawater, decreasing its pH (known as ocean acidification). This is negatively
affecting organisms that require calcium carbonate for shells (e.g. plankton and
coral polyps)

= |ncreased oceantemperatures have also led to anincreased frequency of coral-
bleaching events, where the tiny organisms that live inside corals and help keep
them alive leave due to temperature stress. Without these organisms, the corals die
and are broken down, eventually leading to the loss of whole coralreefsand as a
result, the loss of the huge amount of biodiversity that depends on them
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Biodiversity & Endemism ,

Your notes

Biodiversity & Endemism

Biodiversity can be thought of as a study of all the variation that exists within and
betweenallforms of life

Biodiversity looks at the range and variety of genes, species and habitats withina
particularregion

It can be assessed at three different levels:
= The numberandrange of different ecosystems and habitats
= The number of species and their relative abundance
= The genetic variation within each species

Biodiversity is very important for the resilience of ecosystems; in that it allows them
toresist changesin the environment

Ecosystem or habitat diversity

This is the range of different ecosystems or habitats within a particular area or region

If thereis alarge number of different habitats within an area, that areaiis likely to
have high biodiversity

= Agoodexample of thisis a coral reef. They are very complex with lots of
microhabitats and niches to be exploited

If there are only one or two different habitats within an area, that areaislikely to have low
biodiversity

= | arge sandy deserts typically have very low biodiversity as the conditions are
basically the same throughout the whole area

Species diversity

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

= Speciesrichnessis the number of species within an ecosystem

Species diversity includes the number of different speciesin an ecosystem, and also
the abundance across the different species present

= The greater the number of species in an ecosystem, and the greater the
abundance of individuals from each species, the greater the species diversity

= Forexample, an ecosystem can have alarge number of different species but some
species may be very rare (may only have a few individuals) in that particular
ecosystem. As aresult, the ecosystem does not necessarily have high species
diversity

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

13


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

= Ecosystems with high species diversity are usually more stable than those with lower ,

species diversity as they are more resilient to environmental changes
Your notes
= Forexampleinthe Pine forests of Florida, the ecosystem is dominated by one or

two tree species. If a pathogen comes along that targets one of the two dominant
species of trees, then the whole population could be wiped out and the ecosystem
itis a part of could collapse

Genetic diversity

= The genetic diversity within a speciesis the diversity of alleles and genesin the
genome of species

= Althoughindividuals of the same species will have the same genes, they will not
necessarily have the same alleles foreach gene

= Genetic diversity is measured by working out the proportion of genes that have more
than one form (allele) and how many possible alleles each gene has

= There canbe genetic differences or diversity between populations of the same species

= These differences may arise because the two populations occupy slightly different
rangesin theirhabitat and so are subject to slightly different selection pressures
that affect the allele frequencies in their populations

= Genetic diversity can also be observed within a single population

= Genetic diversity in a speciesisimportant asit can help the population adapt to, and
survive, changesin the environment

= The changes could be in biotic factors such as new predators, pathogens and
competition with other species

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

= Genetic diversity is limited in populations that are very small orisolated

= Inbreedingin small,isolated populations leads to a high proportion of individuals
being homozygous (e.g. AA to aa) for many genes, resulting in lower genetic
diversity

= This can mean that genetic diseases caused by recessive alleles can become more
commonin these populations

Endemism

= Certain species only occurin one particular area of the world - e.g. pygmy three-toed
sloths which are only found on a smallisland off the coast of Panama

= These species are said to be endemic to that region and they do not naturally occur
anywhere else

= Endemic species are particularly at risk of extinction due to theirlimited range
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Species Richness & Heterozygosity Index 4

Your notes

Species Richness & Heterozygosity Index

The place where an organismlives is called its habitat

Habitats canvary in size, with some being very large (e.g. grasslands) while others are
very small (e.g. apuddle of water that formed after heavy rain)

Measuring the species diversity within different habitats can be usefulin making
comparisons between them or when studying how habitats change over time

One way to determine species diversity is to measure species richness in a habitat
Speciesrichness is the number of species within a community

= Acommunity is a group of populations of different species livingin the same place
atthe same time thatinteract with each other

Speciesrichness is the simplest way to measure species diversity
A community with a greater number of species will have a greater species richness score

= Forexample, atropicalrain forest has a very high number of different species so it
would be described as species-rich

Speciesrichness can be a misleading indicator of diversity as it does not take into
account the number of individuals of each species

Species abundance is a measure of the relative number of individuals in the different
specieswithinagivenarea

= |Inthe example below, Area1and Area 2 both contain 4 tree species

= However, Area 2 is actually dominated by one species andin fact, one of the
speciesisveryrare (only one individual)

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

= Thisexampleillustrates the limitations of using just species richness onits own

Conservationists often favour the use of anindex of diversity as it takes into account
species number and evenness
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Arealand 2 have the same species richness but different species abundance. Area 1 will

have a higher overall species diversity as it has a higher species abundance. Species

diversity takes both richness and abundance into account.
Measuring the different levels of biodiversity within an ecosystem can be challenging

Finding out which species live in an ecosystem and the size of the populations requires
the identification and cataloguing of all organisms present to build a species list

Thisis possible for areas that are very small or where the species are very large like trees

However, forlargerand more complex ecosystems like rainforests, itis
simply impossible to find, identify and count every organism that exists there

When thisis the case, different samples of the area can be taken and used to make
an estimate for the total species numbersin the area

Random sampling

Some ecosystems are very complex with large numbers of different species of different
sizes

For the sake of logistics, random sampling is often used to estimate
the distribution and abundance of species

= Thedistribution of a species describes how itis spread throughout the ecosystem
= The abundance of a speciesis the number of individuals of that species

When carrying out sampling, square frames called quadrats can be used to mark off the
area being sampled

= Quadrats are square frames made of wood or wire
= Theycanbe avariety of sizes eg. 0.25m2 or Im?

= They are placed on the ground and the organisms within them are recorded

s

Your notes
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= Theycanbe usedto measure the distribution and abundance of plants ,

Your notes

Using a quadrat to investigate population size or distribution

= Quadrats of different sizes can be used depending on what is being measured and what
is most suitable in the space the samples are being made in

= Quadrats must be laid randomly in the area to avoid sampling bias

= Thisrandom sampling can be done by converting the sampling areainto a grid
format and labelling each square on the grid with a number

= Thenarandom number generatoris used to pick the sample points

= Oncethe quadrat has beenlaid onthe chosen sample point
the abundance or percentage cover of all the different species present canbe
recorded
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Using a quadrat to investigate the percentage cover of two species of grass. Some
squares may be lacking any species while other squares may have multiple speciesin
them - this means that the total percentage cover may sometimes be over orunder 100%

= Quadrats are suitable for sampling plants

= Formany animal species, however, itis not possible to use quadrats to measure their
distribution and abundance

= Inthese cases, other techniques involving otheritems of equipment are necessary,
including:

= Sweeping nets: these are large, strong nets with a fine material (very small holes)
that are used to catch flyinginsects and insects that live in long grass by sweeping
the netback and forth through the grass

= Pitfall traps: these are cans orjars that are buried in the ground that are used to
catch ground-dwelling (often nocturnal) insects and otherinvertebrates as they fall
into the trap

= Kick-sampling: this technique is used to catch freshwaterinvertebrates livingin
streams orrivers. Anetin placed on the stream-bed so that the wateris flowing into
itand the stream-bedjust above the net is churned up by the scientist (using their
foot) fora set period of time. The invertebrates are carried by the streaminto the net

= Take as many samples as possible to get a more accurate indication of the entire habitat

= Theresults canbe used to estimate the total number of individuals or speciesrichnessin
the habitat

= |tisimportant to use the same sampling method when gathering data to compare
different habitats with one another
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CANOPY STOPS THE
PITFALL TRAP FILLING>
WITH RAINWATER

NEWSPAPER OR LEAF
LITTER CAN BE USED
TO ALLOW SMALLER |

INSECTS TO HIDE INVERTEBRATES THAT

FROM LARGER "HAVE FALLEN INTO TRAP
PREDATORY INSECTS

Example of how a pitfall trap can be used

CURRENT CARRIES
FRESHWATER
INVERTEBRATES
INTO NET

FOOT USED TO KICK
THE STREAM-BED

: STREAM
FLOW

Example of how kick-sampling is done

Measuring genetic diversity within a species

= Genetic diversity refers to the different alleles that occur within the gene pool of a
species ora population
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The greater the allele variety within a species, the higher the genetic diversity will be ,

Measurements of genetic diversity is useful to investigate changes occurringina Your notes
population over time or when comparing two species with one another

To measure genetic diversity two factors can be considered:
= Phenotype
= Genotype
The phenotype of an organismrefers to its observable features

Different alleles are responsible for the variety of phenotypes that can be observed
within a species

Therefore, the greater the variety of phenotypes within a species, the higher the genetic
diversity

Anorganism's genotype is determined by the different alleles that are found within the
cells

Different alleles will have a different order of bases in the DNA molecules
These base orders can be determined by sequencing the DNA of individuals in a species

The higher the number of different alleles for a characteristic, the greater the genetic
diversity within that species

Anotherway to determine the genetic diversity within a speciesis to use the
heterozygosity index

Heterozygosity index

Organisms that have two different alleles at a particular gene locus are known as
heterozygotes

The higher the proportion of heterozygotesin a population, the greater the genetic
diversity of that population will be

We can use the following formula to calculate the heterozygosity index (H):

number of heterozygotes

H =
number of individuals in the population

o

Worked Example

In pea plants the gene controlling seed shape exist in two forms: Allele R codes for
round seeds and is dominant over allele r which codes for wrinkled seeds. It is found
that within a population of 620 pea plants, there are 350 heterozygous (Rr)
individuals.

Calculate the heterozygosity index for the pea plants at the locus for seed shape.
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Answer: ,

The formulais: Your notes

number of heterozygotes

H =
number of individuals in the population
_ 350
620
H = 0.56

= |tispossible to determine the value for H at many loci, then calculate an average

value
= Thisvalue canthenbe used as an estimation of the genetic diversity of the entire

genome of the population
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Index of Biodiversity 4

Your notes

Comparison of Biodiversity Indicies

= Oncethe abundance of different speciesinanareahasbeenrecorded, the results can
be usedto calculate the species diversity for that area

= Speciesdiversity looks at the number of different speciesin anareabut also the
abundance across the different species

= Anindex of diversity is a measurement that describes the relationship between the
number of species present and how each species contributes to the total number of
organisms that are presentin that community

The index of diversity formula

= Theformulais:

N(N-1)
D= ——"=
*n(n—1)
= Where:
= n=totalno. of organisms for a single speciesinthe community
= N=totalno. of organismsin the community

= X=sumof
= Thelarger the number obtained, the higher the level of diversity
Calculating the index of diversity
= Tocalculate:
= Step 1: Calculate N(N-1) to find value A

= Step 2: Calculate n(n-1) for each species and add all these numbers together to find
value B

= Step 3: Divide value A by value B

o

Worked Example

Samples of differentinsect speciesin aback garden were collected using sweep
nets and identification keys. Use the datarecorded to calculate the index of diversity.
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Number of ,

Species individuals (n)

Your notes
Northern brown argus butterfly 7
Ladybird 34
Forester moth 6
Wasp 21
Grass spider 12
Bee 37
Hornet 7
FLy 19
Highland Midge 59

The total number of organisms(N) in this community wouldbe: 7+ 34 + 6 + 21 +12+ 37 +
7+19+59=202

The formulais:
N(N—1)
D= ——=
n(n—1)
Answer:
Step one: Calculate N(N-1) to find value A
N(N-1)=202(202-1)
N(N-T)=202(201)
N(N-1)=40602

Step two: Calculate n(n-1) for each species and add all of these numbers together
to find value B

See table below
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Number of ,

Species individuals (n) Your notes
Northern brown argus butterfly 7 6 7x6=42
Ladybird 34 3 34 x33=1122
Forester moth 6 5 6x5=30
Wasp 21 20 21x20 =420
Grass spider 12 1 12 x11 =132
Bee 37 36 37x36 =1332
Hornet 7 6 7x6=42

Fly 19 18 19 x18 =342
Highland Midge 59 58 59 x58 =3422
Total no. of organisms ( N) 202 Zn(n—1) = 6884

Step three: Divide value A by value B to calculate the index of diversity (D)
D=40602+6884
D=5.90

= Thehigherthe value of D, the greater the level of biodiversity in that area
= |tisusefulto compare the species diversity in different habitats by calculating
the diversity index for each of them

=

Examiner Tips and Tricks

Eventhoughyou are not expected to memorise the formulae for calculating the
heterozygosity index and index of diversity, you will be expected to know how to use
them and understand what the values mean that you calculate with them.
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Ecological Niches & Adaptations 4

Your notes
Niche

= Theplace where a species lives within an ecosystemisits habitat
= Therole that a species plays withinits habitatis known as its niche, including:

= The biotic interactions of the species (e.g. the organisms it feeds onand the
organisms that feed onit)

= The abiotic interactions (e.g. how much oxygen and carbon dioxide the species
exchanges with the atmosphere)

= Aniche canonly be occupied by one species, meaning that every individual species has
its own unique niche

= |ftwo species try to occupy the same niche, they willcompete with each other for
the same resources

= One of the species will be more successful and out-compete the other species
until only one species is left and the otheris either forced to occupy a new, slightly
different niche orto go extinct from the habitat or ecosystem altogether

= Forexample, the three North American warbler species shown below all occupy
the same habitat (spruces and other conifer trees) but occupy slightly different
niches as each species feeds at a different height within the trees

= This avoids competition between the three species, allowing themto co-
exist closely with each otherin the same habitat

FEEDING HEIGHT (m)

18
CAPE MAY WARBLER
| s FEEDS AT THE TIPS
BAY—BREASTED OF BRANCHES NEAR
WARBLER THE TOP OF THE TREE
FEEDS IN THE MIDDLE
5 LPART OF THE TREE
L SPRUCE TREE

KEY

% =HABITAT |:| = NICHE 2

[J=NICHE 1 [I]=NICHE 3
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Although it appears as though these birds share the same niche, they spend their time ,
eating in different parts of spruces and other conifer trees
Your notes

Adaptations to abiotic and biotic conditions

= Adaptations are features of organisms thatincrease their chances
of surviving and reproducing. These adaptations canbe:

= Anatomical, whichrefers to structural features such as horns, claws or feathers, that
increase an organism's chances of survival

= Behavioural, which refers to behaviours such as courtship of defensive behaviours,
thatincrease an organism's chances of survival

= Physiological, which refers to processesinside the body, such as venom
production or the ability to digest cellulose, thatincrease an organism's chances of
survival

= Aspecies must be adapted to both the biotic and abiotic factors withinits habitatin
orderto use this habitatin a way no other species can(i.e. in orderto occupy its unique
niche)

= Examples of adaptations to biotic conditions could include:

Adaptations to Biotic Factors Table

Organism Adaptation Type of adaptation

Seaotter | Usingrocks to break open shellfish Behavioural
dllows them to access a valuable
food resource

Male frog Using throat pouches to produce Anatomical and
distinct mating calls allows them to behavioural
attract amate from the same species

Bacteria Some species produce antibacterial Physiological
chemicals to out—compete

other species of bacteriain the same
areq, dllowing them great access
toresources

= Examples of adaptations to abiotic conditions could include:

Adaptations to Abiotic Factors Table
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s

Organism Adaptation Type of adaptation Your notes
Otter Webbed paws allow them to live and Anatomical
hunt both on land and in water
Seal A thick layer of blubber allows them Anatomical
to keep warm in very cold
environments
Hedgehog Hibernating over winter (Lowering Behavioural and
their rate of metabolism) allows physiological
them to conserve energy during the
coldest months when food is scarce
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Hardy-Weinberg Equation 4

Your notes

Changesin Allele Frequency
Hardy-Weinberg Principle

The Hardy-Weinberg principle states that if certain conditions are met, the allele
frequencies of a gene within a population will not change from one generation to the
next

There are several conditions or assumptions that must be met for the Hardy-Weinberg
principle to hold true:

= Mating must be random betweenindividuals
= The populationisinfinitely large
= Thereis no migration, mutation or natural selection

The Hardy-Weinberg equation allows for the calculation of allele and genotype
frequencies within populations

It also allows for predictions to be made about how these frequencies will change in
future generations

If the allele frequencies in a population change over time, then it means that migration,
mutation or natural selection has happened

Hardy-Weinberg calculations

If the phenotype of a traitin a population is determined by a single gene with only two
alleles (we willuse B / b as examples throughout this section), then the population will
consist of individuals with three possible genotypes:

= Homozygous dominant (BB)
= Heterozygous (Bb)
= Homozygousrecessive (bb)

When using the Hardy-Weinberg equation, the frequency of a genotype is represented
as a proportion of the population

= Forexample, the BB genotype could be 0.40

= Whole population=1

= Theletter prepresents the frequency of the dominant allele (B)
= Theletter qrepresents the frequency of the recessive allele (b)

= Asthere are only two alleles at a single gene locus for this phenotypic traitin the
population:

p+q=1
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= The chance of anindividual being homozygous dominant is p2 ,

= Inthisinstance, the offspring would inherit dominant alleles from both parents Your notes
(pxp=p?)

= The chance of anindividual being heterozygousis 2pq

= Offspring could inherit adominant allele from the father and arecessive allele from
the mother (p x q) or offspring could inherit a dominant allele from the motherand a
recessive allele fromthe father(pxq)=2pq

= The chance of anindividual being homozygous recessive is g2

= Inthisinstance, the offspring would inherit recessive alleles from both parents
(gxq=q?)

= Asthese are allthe possible genotypes of individuals in the population, the following
equation can be constructed:

p2+q%2+2pq=1

o

Worked Example

In a population of birds, 10% of the individuals exhibit the recessive phenotype of
white feathers. Calculate the frequencies of all genotypes.

Solution:

= Wewilluse F /ftorepresent dominant and recessive alleles for feather colour
= Those with the recessive phenotype must have the homozygous recessive
genotype, ff
= Therefore g2 = 0.10 (as 10% of the individuals have the recessive phenotype
and g2 represents this)
To calculate the frequencies of the homozygous dominant (p2) and heterozygous

(2pq):

Step1: Findq

J#=0.1=0.32

Step 2: Find p (the frequency of the dominant allele F). Ifq=0.32,andp +q =1
p+q=1
p=1-0.32
p=0.68
Step 3: Find p? (the frequency of homozygous dominant genotype)
0.682=0.46

p2=0.46

Step 4: Find2pqg =2x(p)x(q)
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2x(0.68)x(0.32) ,

=0.44 Your notes

Step 5: Check calculations by substituting the values for the three frequencies into
the equation; they shouldaddup to1

p2+2pq+q?=1
0.46+0.44+0.10=1
In summary:
= Allele frequencies:

= p= F=0.68
" g= f=0.32
= Genotype frequencies:

- p2:FF:O.46
= g2=ff=0.10
= 2pq=Ff=0.44

o

Examiner Tips and Tricks

When you are using Hardy-Weinberg equations, start your calculations by
determining the proportion of individuals that display the recessive phenotype - you
will always know the genotype for this: homozygous recessive. Remember that the
dominant phenotypeis seenin both homozygous dominant, and heterozygous
individuals. Also, don’t mix up the Hardy-Weinberg equations with the Hardy-
Weinberg principle. The equations are used to estimate the allele and

genotype frequencies in a population. The principle suggests that there is

an equilibrium between allele frequencies and there is no change in this between
generations.

Reasons for Changesin Allele Frequency

Mutations

= Organisms of the same species will have very similar genotypes, but two individuals
(even twins) will have differences between their DNA base sequences

= Considering the size of genomes, these differences are small between individuals of the
same species

= The small differencesin DNA base sequences between individual organisms withina
species populationis called genetic variation

= Geneticvariationis transferred from one generation to the next and it generates
phenotypic variation within a species population

= The primary source of genetic variation is mutation (changesin the DNA base sequence)
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= Mutationresultsin the generation of new alleles ,

= Thenew allele may be advantageous, disadvantageous or have no apparent effect Your notes
onphenotype

= New alleles are not always seenin the individual that they first occurin

= They canremainhidden (not expressed) within a population for several generations
before they contribute to phenotypic variation

Natural selection
= Variation exists within a species population

= This means that some individuals within the population
possess different phenotypes (due to genetic variation in the alleles they possess;
remember members of the same species will have the same genes)

= Environmental factors affect the chance of survival of an organism; they, therefore, act
as a selection pressure

= Selection pressuresincrease the chance of individuals with a specific
phenotype surviving and reproducing over others

= Theindividuals with the favoured phenotypes are described as having a higher fitness

= The fitness of an organismis defined asits ability to survive and pass onits alleles to
offspring

= Organisms with higher fitness possess adaptations that make them better suited
to their environment

= \Whenselection pressures act over several generations of a species, they can cause a
changeinthe allele frequency and the phenotype frequency in a population
through natural selection

= Natural selectionis the process by which individuals with a fitter phenotype are
more likely to survive and pass on their alleles to their offspring so that
the advantageous alleles increase in frequency over time and generations

An example of natural selectioninrabbits

= Variationin fur colour exists within rabbit populations

= Atasingle genelocus, normal brown furis produced by a dominant allele whereas white
furis produced by arecessive allele in ahomozygous individual

= Rabbits have natural predators like foxes which act as a selection pressure

= Rabbits with a white coat do not camoufiage as well as rabbits with brown fur, meaning
predators are more likely to see white rabbits when hunting

= Asaresult, rabbits with white fur are less likely to survive than rabbits with brown fur

= Therabbits with brown fur have a selection advantage, so they are more likely to
survive to reproductive age and be able to pass on their alleles to their offspring
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=  Over many generations, the frequency of alleles for brown fur willincrease and the ,

frequency of alleles for white fur will decrease
Your notes

@% Cg:\a/rgoog&ﬂw j\>@ g %
& ﬁ GENERATION é@

RABBIT DOESN’'T SURVIVE %
DUE TO PREDATION AND g

SO DOESN'T REPRODUCE

Selective pressure acting on a rabbit population for one generation. Predation by foxes
causes the frequency of brown fur alleles in rabbits to increase and the frequency of
white fur alleles in rabbits to decrease

Reproductive Isolation

= Organisms that belong to the same species share the same characteristics and are able
to produce fertile offspring

= Reproductiveisolation occurs when changesin the alleles and phenotypes of some
individuals in a population prevent them from successfully breeding with other
individuals in the population that don't have these changed alleles or phenotypes

= Examples of allele orphenotype changes that canlead to reproductive isolation include:

= Seasonal changes - some individuals in 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 - some individuals in a population may develop changesin
their genitalia that prevent them from mating successfully with individuals of the
opposite sex (i.e. theirreproductive body parts no longer match up)

= Behavioural changes - some individuals in a population may develop changesin
their courtship behaviours, meaning they can no longer attract individuals of the
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opposite sex formating (i.e. their methods of attracting a mate are no longer ,

effective)
Your notes

= These changes could be brought about due to geographical barriers isolating
populations or random mutations producing new, different alleles in a population

Speciation

= Speciation can occurwhen populations of a species become separated from each
other by geographical barriers

= The barrier could be natural like a body of water, ora mountain range
= |tcanalsobe man-made, like amotorway

= This creates two populations of the same species who are reproductively isolated from
each other, and as aresult, no genetic exchange can occur between them

= |f there are sufficient selection pressures acting to change the gene pools (and allele
frequencies) within both populations then eventually these populations will diverge and
form separate species

= Thechangesinthe alleles/genes of each population will affect
the phenotypes presentin both populations

= Random mutations within each population will also change allele frequenciesin
each

= Overtime, the two populations may begin to differ physiologically, behaviourally
and anatomically (structurally)

= This type of speciationis known as allopatric speciation

TWO POPULATIONS PHYSICAL BARRIERS POPULATIONS DEVELOPMENT
OF THE SAME =) | SEPARATE ==p | ADAPT TO =) | OF A NEW
SPECIES POPULATIONS NEW SEEGIES

(e = INDIVIDUAL ENVIRONMENTS

ORGANISM)

Allopatric speciation occurring due to geographical isolation of two populations of the
same species

= Sometimes populations of the same species live in the same geographical area but
they become separated from each other by ecological or behavioural means
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= Anexample of ecological separationis populations that live in different ,
environments within the same area e.g. plants growing in soil with different pH levels
may flower at different times from each other causing reproductive isolation Your notes

= This type of speciation that occurs without the presence of a geographical barrieris
known as sympatric speciation

(B:i'lﬁ\éguggéws GENETIC ISOLATION
NO GENE EXCHANGE LEADS TO INABILITY
INITIAL ;SH%“CE rDé:f;&LS BETWEEN POPULATIONS| |OF TWo POPULATIONS
INTERBREEDING = 100 * | LEADS TO GRADUAL =>|TO INTERBREED AND
POPULATION CHANGES IN ALLELE PRODUCE FERTILE
PREFERENCE) LEADING| | - o ENCIES OFFSPRING. SPECIATION
TO REPRODUCTIVE ohe et
SEPARATION)

S S - Q?hg;oo 1 (- C%g:ooo 1 %@%"O
S e = L
S e Fw | | X
@ roop 2 @ rood 2

POPULATIONS

SAME SPECIES . SAME SPECIES : BECOMING : DIFFERENT
(ONE POPULATION) (TWO POPULATIONS) GENETICALLY SPECIES
ISOLATED

Reproductive separation due to behavioural changes that resulted in sympatric
speciation occurring

Population bottlenecks
= Alarge populationis required for the maintenance of a diverse gene pool

= Sometimes dramatic events occur(such as natural disasters or disease) that decrease
the size of a population dramatically

= Thisis known as a population bottleneck

= |tcanleadto asignificant decrease in the size of the gene pool of the population and
willhave a dramatic effect on the allele frequencies as a result thereof

= Theremaining population will be more susceptible to the loss of alleles and the effects
of mutations will be magnified in the new population

= Anexampleis the cheetah which survived a near-extinction event in the past

= Onlyafewindividuals remained and as a result the genetic diversity of all living
cheetahs are very low

= This makes them very vulnerable to disease or environmental changes
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A 4

BOTTLE Your notes
EVENT

MANY CHEETAHS DIE
AND THEIR ALLELES
DISAPPEAR FROM
THE GENE POOL
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—

TIME

A population bottleneck in the past has dramatically decreased the genetic variation in
cheetahs populations

The Founder effect

= Thisrefers to the loss of genetic variation if a new populationis formed by a small
number of individuals that left the main population

= Sincetheinitial gene poolis small, it is unlikely that it will contain the genetic variation of
the original population that the individuals came from

= Should any of these individuals carry unusual mutations in their genome, these will
appear more frequently in the new population

= Anexample of thisis the unusually high occurrence of Ellis-van Creveld syndrome
(atype of dwarfism) among the Amish community in the USA

= Thiswas theresult of a few individuals that were heterozygous for the recessive
allele that formed part of the founding Amish population
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4

Your notes

The Founder effect can amplify the occurrence of genetic mutations in a population due
to the small gene pool of the founding members
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Roles of Seed Banks & Zoos in Conservation /

Your notes

Conservation of Endangered Species

When species go extinct it leads to an overall decrease in biodiversity
Inrecent times many species have already gone extinct, while others are endangered
Anendangered speciesis a species that is being threatened with extinction

Itis therefore important that these species are conserved to prevent them from going
extinct

Conservation of endangered species can be approached in several different ways

Ideally a species should be keptin their natural habitat, as all the support systems they
need to maintainlife already exist there

= National parks and marine parks are examples of conservation methods that do this

Whenitis not possible to do this endangered species can be captured and placed
in captivity for conservation efforts

= Zoos and botanic gardens take part in conservation programmes

Scientists have also come up with several methods to try and ensure the long-term
survival of endangered species through frozen zoos and seed banks

Conservation of species refers to protecting and managing them for future generations

Seed banks

Aseedbankis a facility that conserves plant diversity by drying and storing seedsin a
temperature-controlled environment

Usually, seeds of the same species are collected from different sites to maintain
genetic diversity

If the plant species goes extinct then the seeds can be used to grow them again

Seeds canonly be stored for solong. After a certain period of time the stored seeds are
growninto plants and fresh seeds for storage are taken from those plants

The Svalbard Global Seed Vaultin Norway has almost 1 million species of plant seed. Itis
locatedin the Arctic Circle, withinideal environmental conditions

Many organisations send seeds from crop plants to be stored there for safekeeping
Some plants have seeds that can not be frozen such as coffee and cocoa plants

= |norderto preserve the genetic diversity of these plants successive generations
must be grown or tissue cultures taken

There are advantages and disadvantages of using seed banks

Seed banks make valuable contributions to scientific research
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= |tprovides an opportunity to investigate how to successfully grow plants from
seeds

= They provide a stock of endangered plants that could be useful to humans (e.g.
medicinal plant species, crop plant species) taking pressure off of wild populations

= |tisimportant to note, however, that data gathered from seed banks may not be
representative of wild populations due to the small, genetically limited, sample size

= Seedbanks also educate people about endangered species andincrease interestin
conserving these species

= Forexample, people canbe trained to set up local seed banks, which involves the
community

Advantages & Disadvantages of Seed Banks Table

Advantages Disadvantages
o More cost effective to store seeds o Testing seeds for viability is expensive and
rather than fully grown plants time—consuming

o Seeds take up less space, so more can be [ o The cost would be too high to store all types
stored than for fully grown plants of seeds and test them for viability

o Less labour intensive o |t will be challenging to collect seeds from

plants growing in remote habitats
o Seeds can be stored anywhere in the

world, as long as it’s cool and dry

o Seeds are less vulnerable to disease,
natural disaster or vandalism

Zoos
= Zoos canalso contribute to the conservation of endangered animal species

= Captive breeding programmes can breed individuals of a species so their offspring can
be released into the wild

= Zoos are aninvaluable resource for scientific research

= Scientists are able to closely study animal’s genetics, behaviours and habitat
needs

= There are some problems with zoos and their role in conservation:
= Captive breeding of small species populations can reduce genetic diversity
= Certain animal species willnot breed in captivity
= Not allzoos can provide adequate habitats for animals with specific needs
= Many people question the ethics of keeping animals in captivity

= There are stories of both success and failure when it comes to zoos and conservation:

s

Your notes
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= Theoryxis anantelope-like species that was saved from extinction and ,
reintroduced into the wild in Africa thanks to zoos and captive breeding
programmes Your notes

= Pandas have beenin captive breeding programs for over 60 years and not a single
panda has beenreintroduced into the wild

= Zoos make avaluable contribution to scientific researchin a variety of ways:

= They provide information about the specific needs (behavioural, physiological,
nutritional) of different animal species, which aids conservation efforts in the wild

= They cancarry out studies that would be very difficult to do in wild populations

= Animalsinzoos may not behave the same way they would in the wild, so this raises
questions about the reliability of the data from some zoo-based studies

= Zoos contribute to educating people about endangered species by bringing them
close to these organisms and increasing public enthusiasm for, and
public engagement with, conservation efforts

Advantages & Disadvantages of Zoos Table

Advantages Disadvantages

o Invaluable resource for scientific o Captive breeding of small species populations
research (scientists are able to closely | canreduce genetic diversity
study the genetics, behaviours and
habitat needs of captive animals) o Certain animal species will not breed in

captivity

e This provides greater understanding
of species’ needs and aids conservation |©°Not all zoos can provide adequate habitats
effortsin the wild for animals with specific needs

o Scientists can carry out studies that o Zoo animdls may not behave the same way they
would be very difficult to do in wild would in the wild, so scientific data from
populations zoo—based studies may not be reliable

° Zoos contribute to educating the
public about endangered species and
conservation efforts

Reintroduction backinto the wild

= Plants and animals from these facilities can be released backinto their natural habitat,
which holds certain benefits:

= Thiswill help prevent them from going extinctin the wild

= Organisms thatrely on these plants and animals for food or habitat may also benefit
from their presence

= This contributes toward restoring lost or degraded habitats

= Reintroduction may have some negative effects too:
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= These organisms may carry new diseases that will harm other organisms living in that ,
habitat

Your notes
= Reintroduced animals may lack the ability to find food or communicate effectively

with members of their own species
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