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Evolution Defined

Species do not stay the same over time; the species that we see around us today have
developed overmillions of years
o This process of species changeis known as evolution
Evolution can be defined as:
o Changesinthe heritable characteristics of organisms over generations
Heritable characteristics are those that can be inherited by, or passed on to, the next
generation
o Changesincharacteristics that are notinherited, e.g. a planthavingits leaves eaten,
donotleadto evolution
o Heritable characteristics are determined by the alleles of genes that are presentin an
individual
o Alleles may change as aresult of random mutation, causing them to become more or
less advantageous
Heritable characteristics that are advantageous are more likely tobe passed onto
offspring, leadingto a gradual change in a species overtime
o Thisis the process of natural selection
Changes in the heritable characteristics of organisms can also lead to the development of
completely new species
The formation of new species via the process of evolution has resultedin a great diversity
of species on Earth
o Theoretically, at the origin of life on Earth, there would have been just one single
species
o This species evolvedinto separate new species
o Thesespecies would then have divided again, each forming new species once again
o Overmillions of years, evolution has led to countless numbers of these speciation
events, resultingin the millions of species now present on Earth

Page 2 of 80

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



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

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

THEORETICAL ORIGIN OF LIFE ON EARTH, YOURNOTES
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SOME SPECIES MAY NOT EVOLVE INTO DIFFERENT
SPECIES FOR LONG PERIODS OF TIME BUT OVERALL
THE NUMBER OF SPECIES STILL INCREASES OVER TIME

Evolutionary change over along period of time has resultedin a great diversity of species
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Speciation YOURNOTES

The theory of evolution states that species do not stay the same, but change overtime; {
this canleadto the process of speciation
Speciation can be definedas:

o The development of new species from pre-existing species over time

Speciation canresult from geographical isolation
o This means thata species is separatedinto two populations by e.g. being on different
islands or different sides of a mountainrange
= The ocean andthe mountainsin these examples are geographical barriers

This creates two populations of the same species who cannotinterbreed due to beingin
different places; as a result, no exchange of genes, orgene flow, will occur between them
The different environmental conditions for the two populations might mean that different
alleles are advantageous, so different alleles are more likely to be passed on and become
more frequentin each population; this is the process of natural selection

o Theallele frequencies in the two populations change overtime

o Genetic drift can also affect allele frequencies

Overtime, the two populations may begin to differ physiologically, behaviourally and
morphologically to such an extent thatthey can nolongerinterbreed to produce fertile
offspring; speciation has occurred

Example: speciationin trees

Apopulation of trees exists in a mountainous habitat

Anew mountainrange forms that divides the species into two populations

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

The two populations experience different environments, so different alleles become
advantageous

Different alleles are therefore more likely to be passed onin each population

Different alleles become more frequent in each population

Overthousands of years, the divided populations form two distinct species thatcanno
longerinterbreed to produce fertile offspring
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SELECTION PRESSURES AND GENETIC DRIFT CAUSE
DIVERGENCE BETWEEN (A)+(B) UNTIL SPECIATION OCCURS
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POPULATION (A) AND CAN NO LONGER INTERBREED:
THEY ARE DIFFERENT SPECIES

The geographical barrier of a mountain range canleadto speciationin trees

") ExamTip
Speciation commonly occurs aftera species expands its range to new
geographical areas. This phenomenon is evidenced by the large number of endemic
species found onislands such as the Hawaiian honeycreepers; a group of more than
50 bird species foundin the Hawaiian archipelago!

D
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Evidence for Evolution: Fossils

e Fossils are the preserved remains of organisms, orthe traces left by organisms, such as
footprints, burrows and faeces
o Theseremains can be preserved, e.g.inrocks, by the process of petrification, during
which the tissues of organisms are replaced with minerals
o Thefossilrecordis smallinrelation to the number of organisms that have everlived,
dueto the conditions for fossilisation beingsorare

* We can tell from fossils that organisms have changed significantly over millions of years
o Fossils, as well as therocks they are foundin, can be dated, allowingus to accurately
put fossilorganisms into a sequence from oldest to youngest, and therefore see how
organisms have changed through evolutionary time
o Thefossilrecord shows the kind of progression that the theory of evolution wouldlead
us to expect, with older fossils showing simpler life forms and complexity increasing
with time
o The sequence of fossils aligns with ecology groups:
= Plantfossils appearearlierin the fossil record than animals
= Plants with the ability to be pollinated by insects appear before insect pollinators

o Fossils can show evidence fortransitional species, showing how one species could
evolveinto anothere.g. Ambulocetus is a fossil that links amphibians with early whale-
like organisms, and Archaeopteryx appears to link reptiles with birds
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Evidence for Evolution: Selective Breeding YOURNOTES

» Selectivebreedingis a process in which humans choose organisms with desirable {
characteristics and breed themtogether to increase the expression of these
characteristics over many generations
o Theprocess of selective breeding has enabled humans to produce desirable crop
varieties andlivestock with exaggerated characteristics from wild varieties and
species, e.g.
= Desirable cropvarieties include those with a high yield and diseaseresistance
= Exaggerated characteristics in livestockinclude thick, heavy woolin sheep, and
large volumes of milk produced in dairy cattle

¢ Selective breedinginvolves changes to heritable characteristics over many generations,
andsoitis an example of evolutionin action
e This practiceis also known as artificial selection
o Itmakes use of the principles of natural selection, butis carried out by humans
= |nnatural selection, advantageous alleles are more likely to be passed on
because theyincrease an organism's chances of survival
= |n artificial selection, or selective breeding, desirable alleles are more likely to be
passedon because humans decide which individuals will be used for breeding

e Humans have been selectively breeding organisms forthousands of years, long before
scientists understood genes and alleles

The process of selective breeding

1.The population shows variation; there are individuals with different characteristics

2.Breeders selectindividuals with the desired characteristics; selected individuals should
not be closely related to each other

3.Two selectedindividuals are bred together

4.The offspring produced reach maturity and are then tested for the desirable
characteristics; those that display the desired characteristics to the greatest extent are
selected for furtherbreeding

5.The process is repeated over many generations; the bestindividuals from the offspring are
continually chosen for breeding until all offspring display the desirable characteristics
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The wolf was bred selectively over thousands of years to produce a wide variety of
domesticateddogbreeds.
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Evidence for Evolution: Homologous Structures

* Homologous structures are body parts that may look and function very differently but
share structural similarities
e Thelimbs of animals are a good example of this; animals have many different mechanisms
of motion andlimb use, but the basic arrangement of bones in many different types of
limbs is very similar
o E.g.Thelimbs of birds, bats, crocodiles, whales, horses, and monkeys are used very
differently and are visually very different, but are structurally very similar to each other

¢ Oneexplanation for the surprising similarities of these different limbs is that of adaptive
radiation; theidea that organisms with homologous structures have allevolved froma
shared, common ancestor but have adapted to different environments in the process
o Notethatadaptiveradiation does not provide proof that these organisms have
evolved fromacommon ancestor, butitis a good explanation for the existence of
homologous structures

A homologous structure: the pentadactyl limb

¢ Apentadactyllimbis anylimbthathas five digitsi.e. five fingers ortoes

¢ Pentadactyllimbs are presentin many species from many groups of organisms, including
mammals, birds, amphibians, andreptiles

¢ |Indifferent species, the pentadactyllimb has a similar bone structure but can enable an
animaltomovein a very different way

o The humanfoot evolved forupright walking and running

Whale flippers enable them to propel themselves through a marine environment

Bird wings are usually highly adapted for flight

The limbs of frogs allow them to walk, jump and swim

Alligatorlimbs enable them to walk and swim

o

[e]

]

o

¢ Although theindividual bones of the pentadactyllimbin these example animals are very
different shapes and sizes due to their different mechanisms of locomotion, theirlayout is
almost exactly the same

[Pz

HUMAN WHALE BIRD FROG ALLIGATOR
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The bone structure of the pentadactyl limb of a human, whale, bird, frog, and alligator; they
all have the same basic layout despite having evolved for different functions

Vestigial structures

¢ Notethatvestigial structures, while differentin nature from homologous structures, can
alsobe explained by common ancestry
o Vestigial structures are those that nolonger have a functionin an organism
= E.g.pelvisbonesin snakes andwhales and wings in flightless birds

¢ Thesestructures tend to be homologous to structures that performa functionin other
species
e Thepresence of vestigial structures suggests a shared ancestry with those species that
possess a fully functioning equivalent of the same structure
o Vestigial structures are considered to be 'evolutionary leftovers'; they would have had a
functioninan ancestral organism, but a changein the environmentledtoloss of usee.g.a
group of fish trappedin a dark cave would have no use foreyes
o Thepresence of vestigial structures does not harmthe species in which they are
found, so thereis no advantage to be gained by losing them completely; hence their
persistence

NOS: Looking for patterns, trends and discrepancies; there are common
featuresin the bone structure of vertebrate limbs despite their varied use

* When patterns and trends are observedin nature, scientists seek to find explanations that
fitwith these observations
o Here, scientists have observed a patternin the limb structure of animals; despite
differences in appearance and function, the general structure of the pentadactyl
limbis repeated throughout the animal kingdom
o Theexplanationthat best fits this observationis that allanimals evolved from a
common ancestor thatitself had a pentadactyllimb, in the process of adaptive
radiation
= Thisis the only explanation so far that makes sense of the pattern of homologous
structures seenin nature, andit supports the theory that organisms evolve over
time
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Evidence for Evolution: Continuous Variation Between Populations YOURNOTES
l

» Different populations of a species may show smallamounts of variation between each
population e.g. afew mmin beak length between bird populations
o Beaklengthis an example of continuous variation

¢ Thepresence of continuous variation between populations across their geographical
range canleadto gradual divergence
o Thetermdivergencerefers to the species becoming separate; this is the process of
speciation

¢ |tcansometimes be difficult to make decisions about the point at which populations
showing continuous variation have diverged into different species, and biologists
sometimes disagree over whether separate populations are the same species, different
subspecies, or separate species
o E.g.Orca, orkillerwhale, populations can show different body shapes and markings,
andthereis debate among scientists around whether there is only one species of orca,
several subspecies, orseveral species

Evidence for gradual divergence

¢ There are several examples around the world of groups of species foundin a particular
geographical location where the differences between those species are small, e.g.
o Darwin's finches; many species of small bird observed by Darwin in the Galapagos
islands
o Hawaiian honeycreepers; a group of more than 50 bird species foundin the Hawaiian
archipelago

¢ The presence of continuous variation like this, between species, and across their
geographical range, suggests that these species evolved by gradual divergence as a
result of continuous variation between historical populations

e Forexample, Hawaiian honeycreepers show continuous variation across their
geographical range; because of this, they are thought to have evolved from a series of
ancestral populations, from which gradual divergence gaverise to many different
species
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COMMON ANCESTOR
(NOW EXTINCT)

The Hawaiian honeycreepers show continuous variation across their geographical range,
suggesting that they diverged gradually froma common ancestor
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Evidence for Evolution: Melanistic Insectsin Polluted Areas YOURNOTES
l

e Becauseevolution generally happens over millions of years, itis difficult to seeit taking
place, andwe often have torely on evidence from the fossil record, and evidence of
common ancestry such as homologous structures and continuous variation between
species

e There are, however, some examples of evolution, on a small scale, that show changes in
heritable characteristics in a short time frame

o E.g.ininsects andbacteria
o Examples like this rely on short generation times

¢ Afamous example of evolution taking placeininsects is that of the peppered moth
andindustrial melanism
o Melaninis a dark pigment producedin the cells; the more melaninis produced, the
more melanistic anindividual is said to be, and the darkerit will be in colour

Ithas been noted that melanistic peppered moths have become more common than
non-melanistic individuals inindustrialised parts of the UK where air pollution has
increased
o Airpollution kills organisms calledlichens that grow on the bark of trees
o Inareas with clean air, lichens grow on tree bark, causing tree trunks and branches to
appear palerincolour
= |nthese areas, non-melanistic moths are well camouflaged against the trees,
andtherefore more likely to survive and pass on the alleles fornon-melanism

o Inpollutedareas, lichens arekilled, causing tree trunks and branches to appear darker
in colour
= Here, melanistic moths are wellcamouflaged, increasing theirchances of
surviving and passing on the alleles for melanism

o Thefrequency of non-melanisticindividuals thereforeincreasesin non-polluted
areas, and the frequency of melanistic individuals increases in polluted areas

¢ This changeinthe heritable characteristic of melanin production over generations of
moths shows evolution taking place
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THERE IS VARIATION WITHIN THE 1
PEPPERED MOTH POPULATION — SOME
HAVE ALLELES FOR MELANISM, AND
SOME DO NOT

IN INDUSTRIALISED AREAS WHERE
AIR POLLUTION IS HIGHER, LICHENS
ARE KILLED, CAUSING TREE BARK
TO APPEAR DARKER IN COLOUR

NON—MELANISTIC MOTHS ARE NOW
MORE LIKELY TO BE EATEN BY
BIRDS, AND LESS LIKELY TO
REPRODUCE

MELANISTIC MOTHS ARE NOW MORE
LIKELY TO SURVIVE AND REPRODUCE,
PASSING ON THEIR ALLELES FOR
MELANISM TO THEIR OFFSPRING

OVER TIME, THERE IS A GRADUAL
INCREASE IN THE FREQUENCY OF
MELANISTIC MOTHS IN INDUSTRIALISED
AREAS

In areas with higher levels of air pollution the frequency of melanistic moths increases
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Variation

» Differences exist between organisms of the same species
o Thesedifferences are known as variation
o Examples of variationinclude:
= Coatcolourinmammals
= Bodylengthinfish
= Flower colourin flowering plants

e Theprocess of natural selection can only take place when thereis variationina
population

o |fevery organismin a populationisidentical then noindividual will be favoured over
another

o Therewillbe no advantageous characteristics leading toincreased survival and
chances of reproduction, and so there would be noincreased likelihood of passing on
those advantageous alleles

o Inthis situation, a population's characteristics would remain the same over time and it
would beunableto adaptto any environmental changes
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Causes of Variation

¢ Variationresults from small differences in DNA base sequences between individual
organisms within a population
e There are several sources of these differences in DNA base sequences:
o Mutation
o Meiosis
o Random fertilisation during sexual reproduction

Mutation

e Theoriginal source of genetic variation is mutation
o Amutationis a changeinthe DNA base sequence thatresults from a copying error
during DNAreplication

¢ Mutationresults in the generation of new alleles
¢ Mutations that take place in the dividing cells of the sex organs lead to changes in the
alleles of the gametes that are passed on to the next generation
o Anew allele may be advantageous, disadvantageous orhave no apparent effect
o Anadvantageous alleleis morelikely to be passed on to the next generation because
itincreases the chancethatan organismwill survive and reproduce
o Adisadvantageous mutation is morelikely to die out because an organism with such
amutationis less likely to survive and reproduce

* Notethatamutation taking placein abody, orsomatic, cellwillnotbe passed onto
successive generations, and so willhave noimpact on natural selection
e Mutationis the only source of variation in asexually reproducing species

Meiosis
¢ There aretwo main events during the process of meiosis that generate variation

o Crossingover
o Random orientation

¢ Crossingoveris the process by which homologous chromosomes exchange alleles
o During meiosis | homologous chromosomes pairup
o The non-sister chromatids can cross over and get entangled
o Asaresult of this, a section of chromatid from one homologous chromosome may
break and rejoin with the chromatid from the other chromosome

e This swapping of alleles is significant as it can resultin a new combination of alleles on the
two homologous chromosomes
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CENTROMERE

BREAKING AND
REJOINING OCCURS

CHROMATIDS SEPARATE
IN MEIOSIS ||

PARENTAL
COMBINATION
OF ALLELES

NEW COMBINATION
OF ALLELES

The process of crossing over canresult innew combinations of alleles

¢ Randomorientation occurs due to theindependent arrangement of homologous pairs
along the equator of the cell during metaphasel
o Eachpaircanbe arranged with either chromosome on either side of the cell; this is
completely random
o The orientation of one homologous pairis independent, orunaffected by the
orientation of any other pair
o Thisis sometimes described as independent assortment

¢ Thehomologous chromosomes on the equator of the cell are pulled apart to different
poles, andwilleach endupin a separate daughtercell
¢ Thecombination of alleles that end up in each daughter celldepends on how the pairs of
homologous chromosomes were lined up
o Toworkout the number of different possible chromosome combinations the formula 2"
canbeused, wheren corresponds to the number of chromosomes in a haploid cell
o E.g.forhumans thisis 223 which calculates as 8,324,608 different combinations
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TWO PAIRS OF
HOMOLOGOUS
CHROMOSOMES

THE PAIRS LINE UP
ALONG THE EQUATOR
OF THE SPINDLE
INDEPENDENTLY OF
EACH OTHER

FOR TWO BIVALENTS
THERE ARE TWO
POSSIBLE ORIENTATIONS

OR

(7 () (7
)& &G

AT THE END OF MEIOSIS Il, EACH ORIENTATION GIVES
TWO TYPES OF GAMETE. THERE ARE THEREFORE FOUR
TYPES OF GAMETE ALTOGETHER

Random orientation of chromosomes

Random fertilisation during sexual reproduction

¢ Meiosis creates genetic variation between the gametes through crossing over and
independent assortment

¢ This means each gamete carries substantially different alleles
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¢ Duringfertilisation any male gamete can fuse with any female gamete to form a zygote

¢ Thisrandom fusion of gametes at fertilisation creates genetic variation between zygotes
as each willhave a unique combination of alleles

e Thereis analmostzero chance of individual organisms resulting from successive sexual
reproduction being genetically identical

| FEMALE GAMETES | | MALE GAMETES |
1 1
4 N 4 N
" OR ' OR ' OR ! " OR T OR I OR I
\ \ \ \ I ! ! |
\ \ \ \ I ! / /
\ ' ' \ [ FusioN oF : ' ! /
A\ \ \ \ ! / / /
\ \ \ \ | GAMETE NUCLEI| , y / /

THE GAMETES ARE ALREADY GENETICALLY DIVERSE
DUE TO INDEPENDENT ASSORTMENT AND CROSSING
OVER DURING MEIOSIS

The random fusion of gametes during fertilisation

Sources of Genetic Variation Table
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Mechadnism

Random alignment of
chromosomes results in different
combinations of chromosomes and
different allele combinations in
each gamete

Consequences

Genetic variation
between gametes
produced by an
individual

Crossing over of
non—sister chromatids
during prophase |

Exchange of genetic material
between non—sister chromatids
leads to new combinations of
alleles on chromosomes. It can
also break linkage between genes

Genetic variation
between gametes
produced by an
individual

Random fusion of
gametes during
fertilization

Any male gamete is able to fuse
with any female gamete (Random
mdting in a species population)

Genetic variation
between zygotes and
resulting individuals

Mutation

Random change in the DNA base
sequence results in the
generation of anew allele.
Mutation must exist within gam—
etes for it to passed onto future
generations

Genetic variation
between individuals
within a species
population
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Adaptations YOURNOTES
l

¢ Adaptations canbe definedas:
o Characteristics that cause individuals to be well suited to their environment and methods of living

¢ When describing an adaptationitis always a goodidea torelate the structure of a
characteristic toits function, e.g.

o Fishgills are an adaptation for survivalunderwater; they have a very large surface area,
enabling them to maximise oxygen absorption from water

o Thethick furof a polarbearis an adaptation for survivalin a cold environment; itis
thick, trapping a layer of warm airnext to the polarbear's body and providing
insulation

o Different beak shapes in birds enable the consumption of different types of food;
some species of finch have short, cone-shaped beaks that enable them to crack
nuts and seeds

e Adaptations arise in species gradually by evolution through the process of natural
selection
o Inaslowly changing environment, populations are able to adapt by natural
selection and survival continues
o If an environment changes quickly, the process of natural selectionis too slow and
adaptation cannot occurfastenough; in this situation, a population must migrateto a
different environment orit will go extinct

(’) ExamTip

¥ Rememberthat adaptation occurs as a result of natural selection; a process that
acts onrandomly occurring variation, and does not occuras a direct, purposeful
response to an environment; avoid any statements thatimply that adaptations
occur'sothat' an organism can surviveinits environment. Instead, itis correct to say
that adaptations occurby natural selection as a result of randomvariationin
populations.
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!
Overproduction of Offspring

¢ The number of offspring, oryoung, producedin each breeding event differs between
species
o Some species produce small numbers of young, e.g. elephants usually give birth to
justone baby perpregnancy
o Some species produce many offspring e.g. some species of ant can lay 3-4 million
eggsinonego

e |tis moreusualfororganisms to produce multiple offspring, to the extent that there are
more offspring produced than canbe supported by the surrounding environment
o Darwin noticed this, and named the phenomenon 'overproduction of offspring'

e Overproduction of offspring means that thereis always competition forresources

Survival of the Fittest

¢ Inany habitat there are environmental factors that affect survival chances
o E.g.predation, competition forfood, and disease
o Environmental factors thatinfluence survivalchances are saidto act as selection
pressures

¢ Inany population, due to the variation present, some individuals willhave characteristics
that make them better adapted for survival
o Forexample, lions that are strongerand faster are more likely to be able to catch prey
and therefore more likely to survive
o Thisis sometimes described as 'survival of the fittest'

¢ Individuals that are welladapted and survive into adulthood are morelikely to find a mate
andreproduce, producing many offspring
¢ Individuals that areless well adapted do not survivelonginto adulthood are likely to
reproduceless often than those that survive forlonger, so producing fewer offspring
o Theseindividuals may notreach adulthood and so do not get the chance to
reproduce at all

(') Exam Tip

¥ When answering exam questions, be careful not toimply that organisms better
adaptedto theirenvironments are guaranteedto survive. Instead, you should say
that they are more likely to survive. Organisms that are less suited to an
environment are still able to survive and potentially reproduce within it, but their
chance of survival and reproduction is lower than their better-adapted peers.
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Inheritance YOURNOTES
l

Many of the characteristics that affect anindividual's chances of survival are determined
by the alleles of genes presentin their DNA
Characteristics that are determined by alleles are heritable
o Heritable characteristics can be physical e.g. the length of a giraffe's neck, or
behavioural e.g. the innate behaviour of a woodlouse moving towards a dark hiding
place

Individuals with characteristics thatincrease their chances of survival are likely to produce

more offspring

This means that they are more likely to pass on the alleles that code for these

advantageous characteristics to their offspring

Note that non-heritable characteristics are not passed onto offspring

o Non-heritable characteristics are those acquired during the lifetime of an organism

e.g. gaining weight after eatinglots of nuts andberries in autumn, orbeinginjured by a
predator
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Change in Frequency of Characteristics

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

Theincreased survival chances of individuals with advantageous alleles mean that

advantageous characteristics are more likely to be passed down through the generations

The number of individuals in a population with a particular favourable characteristic will

increase overtime; the characteristic is said toincrease in frequency

Eventually this favourable characteristic willbecome the most common of its kind in the

population; the population can be saidto have adapted toits environment by the process

of natural selection

While favourable characteristics increase in frequency by natural selection, unfavourable

characteristics decreasein frequency by the same process

o Individuals with unfavourable characteristics are less likely to survive, reproduce, and

pass on the alleles for their characteristics, so unfavourable characteristics are
eventually lost from the population

An example of natural selectioninrabbits

Variationin fur colour exists within a rabbit population
o Oneallele codes forbrown fur and another for white fur

Rabbits have natural predators such as foxes which act as a selection pressure

The brown rabbits are more likely to survive andreproduce due to having more effective
camouflage

When the brown rabbits reproduce they pass on their alleles to their offspring

The frequency of brown fur alleles in the population willincrease

Over many generations, the frequency of brown fur willincrease and the frequency of
white furwill decrease
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Selectionpressures acting on arabbit population for one generation; predation by foxes
causes the frequency of brown furin rabbits to increase and the frequency of white furin
rabbits to decrease
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YOURNOTES
l
Examples of Natural Selection

e Becauseevolution by natural selection generally happens over millions of years, it is
difficult to seeit taking place, and we often have torely on evidence from the fossil
record, and evidence of common ancestry such as homologous
structures and continuous variation between species

¢ There are, however, some examples of evolution, on a small scale, that show changes in
heritable characteristics in a short time frame, e.g.

o Finches on Daphne Major
o Antibioticresistancein bacteria

Finches on Daphne Major
+ Daphnemajoris anislandin the Galapagos, the wildlife of which inspired Charles Darwin to
come up with his theory of evolution by natural selection
¢ Henoticedthat some of the birds of the Galapagos, identified as finches, bore a strong
resemblanceto each other, but that they also showed differences that were specific to

eachisland
o Scientists now know that Darwin’s famous finches are not technically finches at all, but

they are usually stillreferred to as 'Darwin's finches'

¢ Inparticular, finch beak shape and size corresponded to the diet available to them on
eachisland
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Darwin noticed that Galapagos finches had beaks that were perfectly adaptedto the food
sources available on the island on which they lived

« Since Darwin, many evolutionary biologists have studied the wildlife of the Galapagos
e Scientists Peter and Rosemary Grant carried out along-term study on the finch species
Geospiza fortis on the island of Daphne Major
o G.fortis’ diet consists of seeds, which when weather conditions are normal are plentiful,
small, and soft, but which become fewer, larger, and tougher during times of drought
e The Grants observed a widerange of beak sizes in G. fortis when weather conditions were
normal, but found that during periods of drought beak sizeincreased
o When seeds were plentiful, small, and soft, there was no advantage forindividuals with
larger beaks, and so alleles for different beak sizes were passed onto G. fortis
offspringin equal proportions
o When seeds were fewer, larger, and tougher, finches with larger beaks had an
advantage when competing forfood, and were therefore more likely to survive and
pass onthealleles forlarge beak size, leading to anincrease in frequency of large
beaks in the population

¢ The observation that finches with larger beaks produce large-beaked offspring while
finches with smallerbeaks produce smaller-beaked offspring suggests that beak sizeis
largely determined by genes, and sois heritable

¢ Theheritable nature of beak size means that G. fortis can adapt to a changing environment
by the process of natural selection
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Peter and Rosemary Grant found that average beak size in G. fortis on Daphne Major
increasedin drought years when seeds became larger and tougher, and decreasedin wet
years when seeds became smaller and softer

Antibiotic resistancein bacteria

¢ Antibiotics are chemical substances made by some fungi orbacteria as a defence
mechanism
e TheyKkill bacteria by targeting processes and structures that are specific to bacterial cells
o Antibiotics are effective against bacteria but not against viruses, and usually have no
effect on animal cells

e Theuse of antibiotics has increased significantly since they were firstintroducedin the
1930s, saving millions of lives
¢ Sincetheirdiscovery andwidespread use antibiotic resistance has developedin many
different types of bacteria
o Antibiotic resistant bacteria are not killed by antibiotics

¢ Antibiotic resistanceis a heritable characteristic and so develops in bacterial populations
by the process of natural selection
o Bacteria, like allorganisms, have mutations in their DNA that give rise to variation
o Amutation may giverise toresistance to a particular antibioticin anindividual
bacterial cell
o If abacterialinfectionis treated with that antibiotic, a bacterialindividual with the
mutation forresistanceis likely to survive
= Theantibioticin this situation acts as a selection pressurein the same way thata
predatorwouldin a rabbit population

o Thebacterial cell with the resistance mutation willreproduce by binary fission, passing
onthe mutation and causing antibiotic resistance toincrease in frequency in the
population

= Bacterial cells are also able to transfer genes to each other by a process called
horizontal gene transfer, furtherincreasing the number of individuals with the
resistance mutation
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¢ Notethatif antibiotic use stops, an antibiotic resistance mutation will nolongerbe YOURNOTES
advantageous, andit willnot be passed on to offspring any more often than the original 1
non-resistant form of the gene
o Antibiotics shouldnotbe used any more often than necessary so that a selection
pressureis not provided; this willreduce the likelihood of an antibiotic resistant
population developing

N
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Antibiotic-resistant bacterial populations can evolve by natural selection

¢ Natural selection takes place very quickly in bacterial populations because
o Bacterial populations contain many individuals, so the chances of an advantageous
mutation appearing are higher thanin other types of organisms
o They canreproduce very quickly, meaning that generation times are short and any
mutations that do arise can be passed on to many offspringina very short time
= Bacteria canreproduce as often as every 20 minutes

o Bacteria cantransfer genes horizontally, furtherincreasing therate at which
advantageous mutations can spread

¢ Antibioticresistanceis a huge problem; antibiotics have beenrevolutionary in the
treatment of disease, andlosing them as a medical tool would be devastating
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Scientists arelooking forways to reduce the rate at whichresistance evolves e.g. by
reducing the use of antibiotics and the spread of infection, as well as seeking out
alternatives to current antibiotics e.g. new antibiotics and other types of antibacterial
agent

NOS: Use theories to explain natural phenomena; the theory of evolution
by natural selection can explain the development of antibiotic resistance
inbacteria.

Scientists can gatherinformation about the world by observing events, orphenomena
They formulate theories that seek to explain observed events
Inthe case of antibiotics, it has been observed that antibiotic resistancein bacteriais on
theincrease
o Inparticularithas been noticed that once an antibiotic starts tobe usedto treata
particularinfection, resistancerates begin torise

Scientists use the theory of natural selection to explain this observation
o Antibiotics actas a selection pressure
Resistantindividuals are 'selected' when non-resistant bacteria are killed by treatment
o Resistantindividuals survive, reproduce, and pass on the resistance characteristic
o Resistantindividualsincreasein frequency

(e}

Understanding the mechanism by which resistance evolves means that scientists have a
betterchance of solving orreducing the problem
o E.g.byreducingtheselection pressure,i.e.the use of antibiotics, natural selection can
be slowed down

(’) Exam Tip

While you are expected to know the examples of natural selection described above,
you could also be given an unfamiliar example, so make sure that you can describe
the process of natural selection:

* Within a species, thereis always variationin heritable characteristics due to
chance mutation

* Populations willhave selection pressures acting on them

¢ Individuals with advantageous characteristics are more likely to survive and
reproduce

¢ Heritable advantageous characteristics are passed onto offspring

¢ Theadvantageous characteristic increases in frequency
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Binomial System

¢ Thediversity of life on Earthis vast, andis known as global biodiversity
¢ Theextent of global biodiversity is such that scientists can only estimate the total number
of species present on Earth, anditis likely that there are many species yet tobe
discovered
e Forbiologists to make sense of the huge array of species, organising themintological
groups is essential
o This process of putting organisms into groups is known as classification
o Thescience of classificationis known as taxonomy, and scientists workingin the field
of taxonomy are taxonomists

e Classifyingan organisminvolves decidingwhich biological group, or taxon (plural taxa), it
fitsinto best, and then namingit according toits taxon

» Historically an organism's biological group was determined on the basis of its observable
characteristics, and today this information is combined with DNA sequence data for more
accurate classification

A Universal Naming System

¢ Thebiological system of naming used to name species according to their taxa is known as
the binomial system
e This systemis universal, ensuring that scientists aroundthe world alluse the same method
of naming species
o Inthepast,individual scientists decided on species names; names could be verylong,
and often one species could have different names in different parts of the world

e Toensurethatallbiologists know, and agree on, the criteria fornaming species, regular
meetings called congresses are held to discuss naming conventions
o Thefirstinternational Zoological Congress was heldin 1889, during which
taxonomists agreed on therules that should be usedfor classifyingandnaming
species
o Congresses havesince been held atregularintervals, with separate meetings for
scientists who study different groups of organisms e.g. animals, plants, and fungi

The Binomial System

¢ Thebinomial naming system, or system of nomenclature, was introduced by the Swedish
taxonomist Carl Linnaeus in his 1758 book, Systema Naturae
¢ Thesysteminvolves giving a species a two-part name, hence binomial
e Both parts of thename arein Latin, or a latinised version of a non-Latin word
o e.qg. Eriovixia gryffindoriis a species of orb spidernamed aftera famous schoolhouse

e Thefirstpartofthenameis anorganism's genus, andthe secondis its species name
o E.g.thebinomialname of a wolfis Canis lupus; wolves belongto the genus Canis, and
the species lupus
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e There are several conventions, orrules, that should be used when writing binomial names YOURNOTES
o The genus should begin with a capital letter, and the species with alower-case 1
letter, e.g. thehoney beeis Apis mellifera
o Whentyped, binomialnames should appearinitalics, and when written by hand, they
shouldbe underlined e.g. alimpet is Patella vulgata when typed, or Patella vulgata by
hand
o Thefirsttime a binomialnameis usedin a textit should appearinfull, e.g. wheatis
Triticum aestivum, but the genus name can fromthenonbe abbreviatedto T.
aestivum

NOS: Cooperation and collaboration between groups of scientists;
scientists use the binomial system to identify a species rather than the
many differentlocal names

e Thework of scientists does not take place within the confines of alaboratory, oreven a
country, but can haveimplications for the work of other scientists around the world
¢ Because of theinternational nature of scientificresearch, itis essential that scientists are
able to communicate with each other clearly about theirwork
¢ Forscientific communication to be effective and allow collaboration, itis essential that
scientificlanguage enables scientists to be sure that they are talking about the same thing
¢ Thebinomial naming systemis a good example of a system that enables scientists to
communicate clearly with each otherabout living organisms
e Thebinomial systemis essential becauseit ensures that scientists are all talking about the
same species
o Different countries may have different common names forthe same species e.g.In
English, Felis domesticus is known as a cat, but around the worlditis also known as
kitte, maow, chat, kissa, bili,and gato
o Differentlocal or cultural names may arise even within a country e.g.in the UK alone
thewoodlouse, Onescus asellus, has more than 50 differentlocal names thatinclude
woodpigs, cheesy bobs, woodywigs, chuggy pigs, and crunchy bats, and another
country may have an equally longlist of local, or cultural names forthe same species
o There are also examples of species where one name might be used for different
species in different parts of the world, e.g. therobin in the US is a completely different
species of bird to the robinin Europe

e Thereis nothingwrongwith maintaining the use of different common names around the
world, but when scientists discuss theirwork, the binomial system ensures that they are
communicating effectively with each other
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Taxonomy YOURNOTES
!

Biological classificationinvolves putting organisms into groups, or taxa (singular taxon)
The taxa form a hierarchy
o Ahierarchical systemis onein which larger groups contain smaller groups with no
overlap between groups

The smallesttaxon in the taxonomic hierarchy is species

The species taxa are grouped within the next biggest taxon in the hierarchy, genus (plural
genera)

The genera are grouped within the next taxon, family, and so on until the biggest taxon,
domain
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Domains

* Taxonomy is the practice of biological classification
o Organisms are grouped into taxa, with the smallest taxon being species

¢ Thescience of taxonomy has frequently changed to match the latest discoveries about
the features of organisms
o Historically, the largest taxonomic groups were the plant and animal kingdoms, then
fungi were discovered and added (incorrectly) to the plant kingdom
o Microscopes led to the discovery of prokaryotes and eukaryotes, and the taxa were
later dividedinto five kingdoms; plants, animals, fungi, protoctists, and prokaryotes
= Theprotoctists are eukaryotic, primarily single-celled, organisms

o RNA analysis has recently shown that there are two distinct groups of prokaryotes,
leading to a shiftin taxonomic thinking and the beginnings of the three domain
system

e Thelargest taxonomic group is now known as a domain
e There are three domains, which are:

o Archaea (prokaryotes)

o Eubacteria (prokaryotes)

o Eukaryotes (eukaryotes)

PROKARYOTES EUKARYOTES

1 O
@ I
EUBACTERIA ARCHAEA O EUKARYQOTES ||

UNIVERSAL ANCESTOR

The three domains

Classifying the Archaea

e Thearchaeawere originally classified with the rest of the bacteria in one taxon due to
sharing several features with them
o Prokaryotic cell structure
o Circularchromosome
o Presenceofacellwall
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¢ Closeranalysis of the archaea howevershowed that some of their features were distinct
from therest of the prokaryotes
o Theircell walls are made of a different material from the cell walls of the rest of the

bacteria

o Theircellmembranes are made of a distinct type of lipid
o The small subunit of theirribosomes is more similar to eukaryotic ribosomes than to
theribosomes of therest of the prokaryotes

e Thesediscoveries ledto a changeinthe classification of the archaea, which became their

own domain

The Features of the Three Domains Comparison Table

Fedture 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
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Hierarchy of Taxa for Eukaryotes

e Eukaryoteis the domain of all eukaryotes, distinguishable from the Bacteria and the
Archaea which are both prokaryotic domains

¢ Justlike the otherdomains, the Eukaryote domain contains a hierarchy of taxa

¢ Thetaxonomic hierarchy contains the following taxonomic groups in descending order of

size:

Domain
Kingdom
Phylum
Class
Order
Family
Genus
Species

e |tcanbegoodtouse amnemonic, ormemory aid, to help you remember the different ranks
in the taxonomic classification system

o

There arelots out there, oryou can make up your own, but here's an example that you
might find helpful:

= DoKeep Ponds Clean OrFish Get Sick

= Domain, Kingdom, Phylum, Class, Order, Family, Genus, Species

KINGDOM

PHYLUM

CLASS

ORDER No. OF
ORGANISMS
AND GROUPS

v

SPECIFIC SPECIES

The hierarchy of taxa

e Thewolf, Canis lupus, is an example of an organism in the eukaryote domain

o

Awolf belongs to the following taxonomic groups:
= Domain: Eukaryote

Kingdom: Animalia

Phylum: Chordata

Class:Mammalia

Order: Carnivora
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= Family: Canidae YOURNOTES
= Genus: Canis l
= Species:lupus

e Theflowering plant Hibiscus rosa-sinensis is another example of an organismin the
eukaryote domain
o [tbelongs to the following taxonomic groups:
= Domain: Eukaryote
= Kingdom: Plantae
= Phylum: Angiospermae
= Class:Dicotyledonae
= Order: Malvales
= Family: Malvaceae
= Genus: Hibiscus
= Species: rosa-sinensis

The Classification of the Wolf and the Hibiscus Plant Table

Taxonomic Rank Hibiscus
Domain Eukaryote Eukaryote
Kingdom Animalia Plantae
Phylum Chordata Angiospermae
Class Mammalia Dicotyledonae
Order Carnivora Malvales
Family Candidae Malvaceae
Genus Canis Hibiscus
Species lupus rosa—sinensis
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Examples of Classification

» Biologicalclassificationinvolves putting organisms into groups, or taxa (singular taxon)
e Thetaxaform a hierarchy

o Ahierarchical systemis onein whichlarger groups contain smaller groups with no
overlap between groups

¢ Thetaxonomic hierarchy contains the following taxonomic groups in descending order of

size:

o

o

o

o

o}

o}

e}

o

Domain
Kingdom
Phylum
Class
Order
Family
Genus
Species

Examples of classification

¢ Thewolf, Canis lupus, is an example of an organism in the animal kingdom
o Awolf belongs to the following taxa

Domain: Eukaryote
Kingdom: Animalia
Phylum: Chordata
Class:Mammalia
Order; Carnivora
Family: Canidae
Genus: Canis
Species: lupus

e Theflowering plant Hibiscus rosa-sinensis is an example of an organismin the plant
kingdom
o Itbelongs tothe followingtaxa

Domain: Eukaryote
Kingdom: Plantae
Phylum: Angiospermae
Class: Dicotyledonae
Order: Malvales

Family: Malvaceae
Genus: Hibiscus
Species:rosa-sinensis

The Classification of the Wolf and the Hibiscus Plant Table
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Taxonomic Rank Hibiscus
Domain Eukaryote Eukaryote
Kingdom Animalia Plantae
Phylum Chordata Angiospermae
Class Mammalia Dicotyledonae
Order Carnivora Malvales
Family Canidae Malvaceae
Genus Canis Hibiscus
Species lupus rosa—sinensis
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Natural Classification YOURNOTES

» Thetaxonomic classification system organises species into groups based on their {
evolutionary origins andrelationships
¢ This means that allmembers of a taxonomic group share acommon ancestor
o Acommon ancestoris oneindividual, or pair of individuals, from whom all individuals
ina group havedescended, e.g.
= Foragroup of full siblings, the common ancestors will be their parents
= Foragroup of cousins, the common ancestors will be their grandparents

e Grouping organisms into taxa that share acommon ancestoris known as natural
classification and a group of organisms classifiedin this way is known as a natural group
o E.g.eukaryotic cells appearto have only evolved once, meaning that one eukaryotic
cell was the ancestor of all other eukaryotes; the eukaryote domainis therefore a
natural group

e |tis possible to carry out artificial classification, grouping together organisms from
different ancestors, e.g.

o Dolphins andsharks couldin theory be groupedtogetheras they are both groups of
aquatic animals that share a similarbody shape, but they in fact belong to different
classes

= Dolphins are mammals and sharks are fish
= Theirstreamlinedbody shapes evolved separately rather than originatingin one
common ancestor

o Cactiandeuphorbia are two groups of desert plant recognisable by their spiny leaves
andbranching, succulent stems, andit would be reasonable to assume from their
appearancethatthey are closely related to each other, but they belong to different
orders of plant

= Cactiarefoundin the deserts of the Americas, while euphorbia are foundin Africa
= Theyevolved separately, but adapted to similar environments, hence they have
similar characteristics; this kind of evolution is known as convergent evolution

e |tcanbedifficult to carry outaccurate natural classification from observation alone, but
the development of DNA sequencing technology means that natural classification on the
basis of DNA sequence datahas become possible
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| SHARK | | BUTTERFLY

<t P

A

STREAMLINED BODY WINGS ADAPTED
SHAPE AND FINS FOR FLIGHT

It would be possible to group both sharks and dolphins, and butterflies andbats, together
on the basis of their shared characteristics, but this would not be a natural classification as
they do not share recent common ancestors

The advantages of natural classification

o Naturalclassification enables identification of unknown species
o E.g.whenasampleofinsectsis collected andtheresearcherdoesn'trecognise all of
the species collected
o Usingthe natural classification system an unknown species can be identified by
logically working through the taxa
= This means firstidentifying the domain, then the kingdom, then phylumetc.,
narrowing down the options until a species is identified
= Anidentification method known as a dichotomous key works using this principle

+ Naturalclassification enables predictions tobe made about the characteristics of a
species

o If allof the members of a taxon descend from a common ancestor means thatitis
likely that the members will share common characteristics

o This canbeusefulwhen e.g. searching fornew drugs; if researchers know that one
member of a plant genus produces a chemical thatis usefulin treating a disease, then
itis likely that othermembers of that genus may produce the same chemical

= This allows researchers looking fornew drugs to focus theirsearch ratherthan
testing every single plant species
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Reclassification YOURNOTES

There can be difficulties when trying to determine the ancestry of species based on {
observation of shared characteristics
o This canleadto artificial ratherthan natural classification
= Convergent evolution canlead to groups of organisms sharing similar
characteristics when they did not evolve from a shared common ancestor

Advances in DNA, RNA and protein sequencing has allowed scientists to further
investigate therelationships between species
o This hasrevealedthe true ancestry of taxa

This sometimes leads to reclassification of taxa
o Taxamay be split if taxonomists decide that they do not descend from a common
ancestor
o Taxa previously classified as separate may be grouped together if it is discovered that
they do descend froma common ancestor

An example of a taxon in which there has been a great deal of reclassification since the
introduction of sequencing data is the Hominidea group to which humans belong
o Humans were originally thought to have their own taxon separate from therest of the
greatapes, but are now known to be part of the same family
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UNTIL THE 1960s, HUMANS WERE CLASSIFIED AS A YOURNOTES
SEPARATE GROUP FROM THE APES !
HOMINOIDEA
HOMINIDAE PONGIDAE
HUI\IAANS CHIMPS GORILLAS ORANGUTANS  GIBBONS

i

EARLY PROTEIN ANALYSIS LED TO SEPARATION OF THE
‘GREAT APES’ (CHIMPS, GORILLAS, AND ORANGUTANS
FROM THE ‘LESSER APES’ (GIBBONS))

HOMINOIDEA
-
HOMINIDEA PONGIDAE HYLOBATIDAE
|

| Ty =
HUMANS CHIMPS GORILLAS ORANGUTANS GIBBONS

J

THE GREAT APES ARE RECLASSIFIED IN THE SAME
FAMILY AS HUMANS

HOMINOIDEA
HOMIMATIDAE

HOMIMINAE

HUMANS CHIMPS GORILLAS ORANGUTANS  GIBBONS

i

CHIMPS AND GORILLAS ARE CLASSIFIED IN THE SAME
SUBFAMILY AS HUMANS

HOMINOIDEA
HOMINIDAE HYLOBATIDAE
.——___-_—__-_‘——‘———-.__

HOMININAE PONGINAE
|

HUMANS CHIMPS  GORILLAS ORANGUTANS GIBBONS

J

DNA ANALYSIS SHOWS THAT HUMANS AND CHIMPS ’
ARE MORE CLOSELY RELATED TO EACH OTHER THAN
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TO GORILLAS
HOMINOIDEA
HOMINIDAE HYLOBAT IDAE
HOMININAE PONGINAE
— T

HOMININI GORILLINI
I

HUMANS CHIMPS GORILLAS ORANGUTANS GIBBONS

The taxon containing humans has been frequently reclassified
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YOURNOTES

i
Plant Phyla Features

Allplants belong to the plant kingdom

Within the plant kingdom are several phyla (singular phylum)

¢ Some plant phyla are small

o E.g.the Glaucophytes contain only 70 species and the Gingkophytes contains only 1
living species

e There are four major plant phyla

o Bryophytes (20 000 species)
Filicinophytes (10 000 species)
Coniferophytes (600 species)
o Angiospermophytes (352 000 species)

]

]

e Each of the fourmain phyla can beidentified by their characteristics

Bryophytes
e Thebryophytesinclude mosses, liverworts, and hornworts
e They are small, terrestrial plants
¢ Theyhavenovasculartissue
¢ Cambiumtissueis alsoabsent
o Cambiumis a tissue containing stem cells that differentiate into xylem and phloem
cells

¢ Reproduction takes placevia spores
o Spores are producedin and dispersed from spore capsules

e Bryophytes donot produce flowers, pollen, ovules, seeds, or fruits
* Notrueroots are present, but hair-like structures called rhizoids anchor plants in the soil
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SPORE
CAPSULE

LIVERWORT |

SPORE
CAPSULE

The bryophytes include mosses and liverworts

Filicinophytes
¢ Filiconophytes are the ferns
¢ Ferns are mainly terrestrial and have vascular tissue
¢ Roots, stems, andleaves are present
o Fernleaves are divided structures known as fronds

¢ Cambiumtissueis absent
¢ Reproduction takes placevia spores
o Spores are producedin and dispersed from structures on the underside of fronds
called sporangia

» Filicinophytes do not produce flowers, pollen, ovules, seeds, orfruits
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SPORANGIA @

RHIZOME

Thefilicinophytes are the ferns

Coniferophytes

e More commonly referred to as the conifers, the coniferophytes are usually tall, straight,
trees
¢ Roots, stems, andleaves are present
e Vasculartissueis present, as wellas cambium tissue
¢ Reproductionis carried out via pollen and ovules
o Pollenis producedin male cones and ovules are produced in female cones
= Pollenis the male gamete and ovules are the female gamete

o No flowers are present

o Bothmale and female cones are present on each tree

o Pollenis carried from one cone to another by the wind in order for fertilisation to take
place

* Seeds develop after fertilisation inside cones and are dispersed by falling to the ground or
by animals
e Mostconiferophytes are evergreen (i.e. they retain theirleaves all yearround)
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FEMALE CONES
PRODUCE OVULES

MALE CONES
PRODUCE POLLEN

Coniferophytes reproduce via pollen and ovules that are producedinside cones

Angiospermophytes
+ Oftenreferredto as angiosperms, these are flowering plants
e Thisis anincredibly diverse phylum, with examples including grasses, shrubs, and non-
coniferous trees
¢ Roots, stems, andleaves are present
¢ Vascularand cambium tissues are present
¢ Reproductionis carried out via pollen and ovules
o Flowers produce pollen and also contain ovules within an ovary
o Fertilisation occurs when pollenis transferred from one flower to anotherby e.g.
= |nsects
= Animals
= Wind

o Seeds formand are dispersed via fruits which develop from the ovaries of flowers
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ANTHERS YOURNOTES

CONTAIN {
] POLLEN

STEM AND
LEAVES

OVARIES
CONTAIN
OVULES

Angiospermophytes reproduce via pollen and ovules producedin flowers

Plant Phyla Features Table

Plant Plant
structure structure Vascular Mechanism of
under ground dabove ground tissue reproduction Fruits
Bryophyte Rhizoid Leaves or Absent Sporesinspore | Absent | Absent
thallus capsules
Filicinophyte Roots Leavesin the Present Spores in spo— Absent | Absent
form of fronds rangia
Coniferophyte Roots Stem and Present Pollen and Present | Absent
needle— like ovules in cones in cones
leaves
Angiospermophyte | Roots Stem and Present Pollen and Present | Present
leaves ovulesin flow— | inovary
ers

Page 50 of 80

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



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

1, SaveMyExams

Headtosavemyexams.co.ukformore awesomeresources

YOURNOTES

i
Animal Phyla Features

¢ Animals are multicellular, eukaryotic organisms
e They are heterotrophs and most have a nervous systemthat enables responses to the
surrounding environment
¢ There are over 30 animal phyla, some of which are vertebrates and some of which are
invertebrates
o Vertebrates have a backbone, orspinal column, while invertebrates do not

e Some of the majoranimal phylainclude:
o Porifera
o Cnidaria
o Platyhelminthes
o Annelida
o Mollusca
o Arthropoda
o Chordata

Porifera

¢ Simple aquatic organisms consisting of a colony of cells
o Commonly known as the sponges
o Oncethoughttobeplants

e Twolayers of cells surround aninternal cavity
o They do not have a mouth for takingin food, oran anus foregestion

¢ Wateris drawnin through pores in the outerlayer of cells, before suspended particles from
the water are filtered out and taken up by surrounding cells for food
o Porifera are filter feeders

¢ Thereis no symmetry in the body plan of the porifera
The structure of poriferans is supported by calcium or silica formations known as spicules
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| WATER FLOW

SPICULE -

‘CAVITY

WATER FLOW

Porifera take in water through pores for filter feeding

Cnidaria

Aquatic organisms also known as the coelenterates
Theirbody cavity is surrounded by two layers of cells and has a single opening for both
ingestion and egestion
There are two distinct body forms presentin the cnidaria phylum
o Polyps, orhydroids are sessile e.g. coraland anemones
o Medusae (singularmedusa) floatin the watere.qg. jellyfish
o Some cnidaria go through both the polyp and medusa body form during theirlife
cycle

Polyps are filter feeders, while medusae catch prey using stinging cells on their tentacles
Thereis radial symmetry in the body plan of the cnidaria

Most cnidaria have soft bodies thatrely on the surrounding water for support, but corals
secrete an exoskeleton made of calcium carbonate
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- MOUTH / ANUS |

= TENTACLE

° BODY CAVITY

TENTACLE

BASE OF POLYP ATTACHES a2

'TO A SURFACE e.g. ROCK

Cnidaria have two distinct body forms; polyps and medusae

Platyhelminthes

¢ Flat-bodied, unsegmented worms thatinclude the flatworms, tapeworms, and flukes

e Threelayers of cells surround a branched gut with one opening for bothingestion and
egestion

¢ Platyhelminthes can be free-living predators or scavengers, or parasites that feed on
theirhosts

e Theflatbody shape of platyhelminthes means that the diffusion distance to all cells is
short, andno circulatory systemis present

¢ Thereis bilateral symmetry in the body plan of the platyhelminthes

¢ Platyhelminthes have soft bodies with no skeletal support

R EMESROT

"MOUTH AND

The body structure of amember of the phylum Platyhelminthes

Annelida
¢ Round-bodied, segmented worms thatinclude the earthworms and the leeches
¢ Eachring-shaped body segment contains arepetition of the structures of blood vessels
andnerves
e Theguthas separate openings forthe mouthand anus
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Annelida can be free-living predators or scavengers, or parasites that feed on theirhosts YOURNOTES
¢ Annelida have a closed circulatory system 1
Thereis bilateral symmetry in the body plan of the annelida
Annelida have soft bodies which are supported by a hydroskeleton
o Thehydroskeletonis aninternal fluid-filled cavity called the coelom, against which the
muscles of the body wall exert pressure

' M

CIRCULATORY.
SYSTEM

CIRCULATORY
SYSTEM

The annelida have a segmented body structure

Mollusca

e Adiverse group of animals thatincludes the snails, slugs, mussels, limpets, and
octopuses
o |tisthesecond-largest phylum (i.e.it contains a highernumber of recorded species
than any other phylum, except for Arthropoda)

¢ Mostmolluscs are aquatic, with some terrestrial species
e Thebody structure contains a muscular foot and a visceral mass
o Thefootis usedformotionand/oranchoragee.g.asinlimpets
o Thevisceralmassislocated above the foot and contains the internal organs (i.e. it is
the soft, metabolic region that contains the digestive, excretory andreproductive
organs)

e Theguthas separate openings forthe mouthand anus
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Mollusca have several feeding methods, including:
o Filterfeedinge.g.inbivalves such as mussels
o Scrapingatfoodsources such asleaves oralgae onrocks usingarough, tongue-like
organ called aradula e.g. snails andlimpets
o Active predatione.g.seaslugs

¢ Mostmollusca have an open circulatory systemin which the transport fluid bathes the
internal organs
o The cephalopods, whichinclude squid and octopuses have a closed circulatory
system

e Thereis bilateral symmetry in the body plan of the mollusca
Mollusca have soft bodies that sometimes secrete a calcium carbonate shell from a
mantle e.g. snails

° MANTLE

| VISCERAL MASS:

The body structure of snails; members of phylum Mollusca

Arthropoda

¢ Animals with segmented bodies, a hard exoskeleton, andjointed limbs
o Itisthelargest phylum (i.e.it contains a highernumber of recorded species than any
otherphylum)
o ltincludesinsects, arachnids, crustaceans, centipedes, and millipedes

e Thereis usually one pair of jointed limbs per body segment, though this is not always the
case
e Theguthas separate openings forthe mouthand anus
¢ Arthropoda have an open circulatory system
¢ Thereis bilateral symmetry in the body plan of the arthropoda
¢ Arthropoda have a hard exoskeleton made of chitin
o The exoskeletonis shed as the animal grows
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| BODY SEGMENT |

N
><

-

ABDOMEN

<| HEAD [>1€— THORAX |

EXOSKELETON o—

A PAIR OF JOINTED LIMBS
PER BODY SEGMENT

Insects are members of the phylum Arthropoda; they have three body segments, each with
apairof jointedlimbs

Chordata

¢ Thephylum chordataincludes all of the vertebrates, as wellas someinvertebrates such
as thetunicates; commonly known as sea squirts
e Tobeclassifiedas a chordate, an organism must have the following features at some stage
duringits development;
o Arod-like structure along the dorsal length of the body known as a notochord
= Dorsalrefers to the back of an organism

o Ahollownerve cord locatedin the dorsal region
o Aseries of slits behind the mouth known as pharyngeal slits
o Atail that extends beyond the anus, known as a post-anal tail

¢ Somechordates only have these features during the embryonic stages of development,
e.g.

o Invertebrates, the notochordis replaced with the spinal column in fully developed
individuals

o Thedorsalhollow nerve cord develops into the brain and spinal cordin most species of
chordate

o Thepharyngealslits are only retainedinto adulthoodin some types of chordate e.g. in
the gills of fish
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o Thepost-analtailhas become a vestigial structurein the great apes YOURNOTES
= Vestigial structures are those that havelost theirfunction, and are sometimes 1
known as 'evolutionary leftovers'

'HOLLOW DORSAL
NERVE CORD

PHARYNGEAL
SLITS

POST ANAL TAILe

- NOTOCHORD

Human embryos have all of the features of phylum chordata

Phyla Features Table
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Gut structure

Structural
support

Other distinctive
features

Porifera None None Mineral Filter water through
structures called | pores onouter surface
spicules of body

Cnidaria Radial One opening for Soft-bodied Two distinct body

mouth and anus forms:; the polyp and
the medusa

Platyhelminthes | Bilateral One opening for Soft— bodied Unsegmented worms

mouth and anus

Annelida Bilateral Separate Hydroskeleton Segmented worms

openings for
mouth and anus

Mollusca Bilateral Separate Soft bodied, A muscular foot, and

openings for but some also many have a radula
mouth and anus secrete a calcium
carbonate shell
Arthropoda Bilateral Separate Hard exoskeleton | Segmented bodies and
openings for jointed legs
mouth and anus
Chordata Bilateral Separate Internal skeleton | Must have anotechord,
openings for dorsal hollow nerve
mouth and anus cord, pharyngeal slits,
and a post—anal tail
at some point during
development
(’) ExamTip
-

You do not needto be able to describe each of the above phyla in great detail, but be
sure that you can state how each phylumis distinct from the other phyla, e.g.
annelids are segmented worms while platyhelminthes are unsegmented worms,
mollusca is the only phylum with a muscular foot, etc.
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Vertebrate Features

e Thevertebrates are organisms that have a spinal column made up of vertebrae
e There are 5 major classes of vertebrate
o Bonyray-finnedfish (27 000 species)
= Thereare otherclasses of fish, e.g. the bony lobe-finned fish (6 species), and the
cartilaginous fish, whose skeletons are made of cartilageratherthan bone
(around 900 species)

(e}

Amphibians (6000 species)
Reptiles (9000 species)
Birds (10 000 species)
Mammals (5700 species)

o

o

o]

e The b5 classes canberecognisedby theirfeatures

Bony ray-finned fish

e Theray-finned fish, also known as class Actinopterygii, have skeletons made of bone,
andfins supported by rays, or spines, of bone

e Thescales coveringthe bodies of the ray-finned fish vary in shape and composition

¢ Oxygenis gained via diffusion from the water into the gills, which are covered by a gill flap
calledthe operculum

e Duringreproduction, eggs and sperm are releasedinto the water and fertilisation takes
place outside the body; this is external fertilisation

e Theirentirelife cycleis aquatic

* Bodytemperatureis not regulated but changes with the surrounding environmental
temperatures

¢ Buoyancy isregulated by inflatingand deflating aninternal airsac called a swimbladder

FINS WITH
BONE RAYS

SWIM
BLADDER

7

AL
d&‘uﬁv; ! «;\ \{((\.

SKELETON
-MADE OF
BONE

Ray-finned fish have a skeleton of bone, fins with bonerays, a swim bladder, and a gill
operculum

Amphibians

¢ Thisclassincludes animals such as frogs, toads, and salamanders
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Amphibians have soft, moist skin
Amphibian skin is permeable, enabling exchange of gases while underthe water
o Simplelungs are also present forgas exchange onland

During reproduction, fertilisation is external
Jelly-like eggs must be laidin water, and the larval stage of thelife-cycleis aquatice.g.
frogtadpoles
o Larvaesuch astadpoles matureinto an adult body form
o Adultamphibians often leave the waterand spend most of theirtime onland
o There are a few exceptions to this; some frog and toad species canlay eggs on land
which hatchinto tiny adults rather than tadpoles

Body temperatureis not regulated

JELLY-LIKE EGGS
LAID IN WATER

(o LARVAE KNOWN
0880 AS TADPOLES

OOOQ HATCH IN WATER

ADULTS MATE
WITH EXTERNAL
FERTILISATION

Re

\
—

/
-

/TADPOLES LOSE GILLS
AND TAILS AND GROW

LEGS AS THEY MATURE
INTO ADULTS

The amphibian life-cycle includes an aquatic larval stage, and a terrestrial adult stage

ptiles

This classincludes animals such as lizards, snakes, and turtles

Reptiles have impermeable, scaly skin made of keratin protein

Reptiles are mainly terrestrial, gaining their oxygen through highly folded surfaces in their
lungs

During reproduction, male spermis deposited inside the female's body, so fertilisation is
internal

The eggs of reptiles are soft-shelled

Reptile body temperatureis not regulated
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SCALES MADE_ YOURNOTES
OF KERATIN o HEART 1

Reptiles have a body covering of scales, and breathe using highly folded lungs

Birds

¢ This classincludes animals such as chickens and ostriches
e Skinis coveredwith feathers made of keratin
¢ Thefrontlimbs of birds are modified into wings, and skeletons are lightweight, both
adaptations for flight
 Birds gain oxygen via a pair of lungs and connected air sacs
¢ Fertilisationisinternal
e Theeggs of birds are hard-shelled
o Shells contain calcium carbonate

e Birdbodytemperatureisregulated, sois often warmerthan the surrounding environment
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LIGHTWEIGHT

FEATHERS
-MADE OF
KERATIN

LIMBS ADAPTED
TO WINGS FOR -
FLIGHT

&

LUNGS AND
AIR SACS

CLOACA FOR
INTERNAL o
FERTILISATION

Birds are usually highly adapted for flight andreproduce using internal fertilisation

Mammals

¢ This classincludes animals such as elephants, humans, and whales
¢ Skinis covered with hair made of keratin
o Insomemammals body hairis lostin adulthood, e.g.in aquatic mammals

¢ Mammals gain oxygen via a pair of lungs
Fertilisationis internal
¢ Theyoungof mammals develops inside the body of the mother, andlive young are born
o There are someunusual exceptions to this e.g. the duck-billed platypus and the
echidna

e Youngmammals are fed on milk producedin mammary glands
¢ Mammalbody temperatureis regulated

Vertebrate Features Table
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Skin Gaining Body
covering oxygen Fertilisation Reproduction Temperature
Ray- A variety | Gills External Eggs are Laid and Unregulated
finned fish | of scale hatch in water.
types Hatchlings are fully
developed
Amphibian | Soft, Gills in larvae, | External Jelly—Llike eggs are Unregulated
moist skin | then skin and usually Laid and hatch
lungs in adults inwater. Young are
in the for of larvae
which mature into
adults
Reptile Scaly skin | Lungs Internal Soft eggs are Laid Unregulated
of keratin on land
Bird Feathers | Lungs and air Internal Hard eggs are laid on | Regulated
of keratin | sacs Land
Mammal Hair of Lungs Internal Live young are born Regulated
keratin
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YOURNOTES

l
Clades

The term clade can be defined as
o Agroup of organisms that have all descended from a common ancestor

Cladistics is the branch of science in which scientists put organisms into clades
o Itinvolves classification thatis based on homologous characteristics ratherthan
analogous characteristics

Clades are formed on the basis of evolutionary relationshipsi.e. who is descended from
which ancestor
Note that while taxonomy is about classifying and then naming organisms, cladistics is
aboutidentifying evolutionary relationships between organisms
o Ataxonis a group of organisms that have been given a group name by taxonomists on
the basis on their shared features
o Acladeis a group of organisms classified together on the basis of their shared
descent froma common ancestor

If taxonomy is carried out correctly then all of the members of a taxon should forma
clade, butdue tohistorical errors and the difficulties in distinguishing between true
homologous characteristics and those thathave come about by convergent evolution,
thisis not always the case
Clades caninclude both living and extinct species

o Some of the descendants of acommon ancestor may have gone extinct

o Thecommon ancestor species itself may have gone extinct

Clades canbelarge or small depending on the common ancestor being studied
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Identifying Members of a Clade YOURNOTES
!

* Inthepast, scientists encountered many difficulties when trying to determine the
evolutionary relationships between species
o Usingthe physical features of species has limitations and can oftenlead to organisms
being putinto groups that are not true clades
o This would mean that all of the organisms in a group are not descended froma
common ancestor
= Somedescendants might be missing
= Someorganisms mighthave been includedthat descend from a different
ancestor

¢ Advancesin sequencing technology have allowed scientists to furtherinvestigate the
evolutionary relationships between species
¢ Sequencedatathatcanbeusedtoinvestigate evolutionary relationships can come from
o DNA
o mRNA
o Amino acids in polypeptides

¢ Sequencingtechnology can determine the order of DNAbases, mRNAbases and amino
acids
Foralltypes of sequence data, it can be said that the more similar the sequences, the more

closely related the species are
o Two groups of organisms with very similar sequences have separated into separate
species morerecently than two groups with less similarity in their sequences
o Species that have been separated forlongerhave had a greateramount of time to
accumulate mutations and changes to their DNA, mRNA and amino acid sequences

e Sequence analysis and comparison can be used to create family trees that show the
evolutionary relationships between species

(’) ExamTip

* You may be wondering why you would use amino acids when you couldlook at DNA
ormRNA; itis often easier to find andisolate proteins from cells thanitis toisolate
DNA or mRNA.However, DNA or mRNA analysis is often more powerful because
genes forthe same protein may have slightly different base sequences in different
species.
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Divergence froma Common Ancestor

* Theevolutionary relationships between species can be determined by analysing
sequence datafrome.g. DNA, mRNA, oramino acidsinpolypeptides
* The number of differences between sets of sequence data provides information on how
closelyrelated two species are
o The more differences there are between the sequences, thelonger ago the species
diverged, andviceversa

e Thedifferences between sequence data can also be used to produce a quantitative
estimate forhow long ago two species diverged from each other
o Differencesin sequence data come about due to mutations inthe DNA
o Evidencesuggests thatmutations occur at a constantrate
o This means thatthe number of mutations that have occurred gives anindication of
the amount of time that has passed since two species diverged
= Scientists referto the constantrate of mutation as the molecular clock

¢ Analysingthe differences in sequence data allows evolutionary biologists to determine the
order in which different species diverged from a common ancestor, and therefore how
closely related species are
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Differences in DNA sequence data show how much time has passedsince species diverged
from each other, enabling the relationships between species to be established
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Analogous & Homologous Traits

Homologous traits can be defined as
o Characteristics that may differ in form and function in different species but that have shared
evolutionary origins

Homologous traits, or characteristics, indicate common ancestry, and are useful for
classifying organismsinto true clades
o Anexample of ahomologous characteristicis the pentadactyl limb; limbs in different
species of animal differ significantly in their shape androle, but similarities in overall
structure indicate common ancestry

The difficulty with usinghomologous traits in classificationis thatitis not always obvious
whether characteristics are homologous or analogous
Analogous traits can be definedas

o Characteristics with the same function but which do not share an evolutionary origin

Such characteristics have evolved independently of each other from different
ancestors, enabling organisms to adapt to similar environments
o Thisis known as convergent evolution

Analogous characteristics look similar, hence the danger of confusing them with
homologous characteristics
Classifying organisms on the basis of analogous characteristics willnot produce an
accurateclade
o This hasledto errors of classification in the past
o Forthisreason, sequencingdatais now usedfor classification instead of observable
characteristics

SHARK BUTTERFLY

<f=( P

e, A

STREAMLINED BODY WINGS ADAPTED
SHAPE AND FINS FOR FLIGHT
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The body shape of sharks/dolphins and the wings of butterflies/bats are both examples of YOURNOTES
analogous structures 1
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Cladograms

Evolutionary relationships between species can berepresentedvisually using a diagram
called a cladogram
Cladograms are evolutionary trees that show probable order of divergence from
ancestral species and therefore probable relationships between species

o Thepointatwhich two branches separateis known as anode

o Nodes represent common ancestor species

Theinformation used to build cladograms most often comes from sequence data due to
difficulties in the use of observable characteristics
o |tcanbe difficult to be sure whether observable traits are homologous or analogous

Sequence data can provide information about how different species are from each other,
as wellas how much time has passed since divergence froma common ancestortook
place

o Theconstantrate atwhich mutations accumulate can be usedas a molecular clock

Computers use the information from sequence data to build the most likely cladogram
o Thisis doneusingthe principle of parsimony, which states that the simplest
explanationis preferred
= The computerbuilds the shortest possible cladogram with the smallest number
of divergence events to fit the available data

o Wesay that cladograms show the most probable divergence times and relationships
ratherthan providing definite conclusions

Cladograms thatinclude humans and other primates

¢ Analysis of sequence data forhumans and other primate groups show that humans are
most closely related to chimps and bonobos, and that the next closest relativeis the
gorilla

¢ Humans are thought to have diverged from chimps and bonobos between 5-7 million
years ago
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MILLIONS OF YEARS AGO YOURNOTES
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A cladogram showing humans and other primates
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YOURNOTES

l
Cladistics & Reclassification

The development of DNA sequencing technology means that classification can now be
carried out on the basis of evolutionary relationship
o Organisms classifiedin this way are groupedinto clades

Historically, organisms would have been classified on the basis of observed traits, which
oftenledto organisms being classified into groups that were not true clades
o Thisresulted from analogous characteristics beingincorrectly thought to be
homologous

Theuse of DNA sequencingto classify organisms has led to discoveries of classification
errors and the need toreclassify organisms

o Some species have beenreclassifiedinto different groups of organisms

o Some groups of organisms have been split

o Some groups have been merged

Classifying organisms correctly according to their clade is important to ensure that
groups of organisms are close evolutionary relatives
o This means thatthe characteristics of one group member can be predicted on the
basis of the characteristics of another
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Example of Reclassification

Reclassification of the figwort family

¢ The figwort (pronounced 'figwurt’) family, also known as the Scrophulariaceae, was at
onepoint the 8th largest family in the angiosperm phylum
¢ When the group was originally classifiedin thelate 1700s it contained 16 genera, which later
expandedto 275 genera
o Theclassification of the figworts was based on observable traits such as a tube-
shaped flowerstructure
o Examples of members of the original figwort family include foxgloves andyellow rattle

 When DNA sequence analysis began, plant scientists discovered that the shared features
of the figwort family were in fact analogous and not evidence of shared ancestry

o Three chloroplast genes were analysed

o Itwas discovered that the original figwort family was not a true clade

o Thefigworts were foundto contain several separate plant families
= New families were created
= Several generawere movedinto other existing families
= Theremaining genera were grouped together with two previously missed genera

to form the new figwort family, stillknown as the Scrophulariaceae

¢ Thenew figwort family is less than half its original size andis only the 36th largestin the
angiosperms, where it had previously been 8th

2
il
N

FOXGLOVES ARE YELLOW RATTLE IS FIGWORT REMAINS
NOW IN THE NOW IN THE IN THE NEW
PLANTAGINACEAE OROBANCHACEAE SCROPHULARIACEAE
FAMILY FAMILY FAMILY
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DNA sequencing data led to thereclassification of many species within the original figwort
family

NOS: Falsification of theories with one theory being superseded by
another; plant families have beenreclassified as aresult of evidence from
cladistics

* Atheoryis an explanation of observed phenomena thatis supported by evidence
e This means that when new evidenceis found thatnolonger supports the theory, it needs
to be changed to take the new evidenceinto account
¢ Reclassification of organisms on the basis of DNA sequencing data is a good example of
this
o Scientists theorise that a group of plants should be classified together on the basis of
existing evidence; historically this would have been the evidence of observable
traits such as flowershape
o New evidence from DNA sequence analysis shows that existing plant groups are not
true clades, and so are not descendants of acommon ancestor
o The historical classification theory has therefore been falsified and needs to be
changedto take the new evidenceinto account
o New evidence from DNA and computer analysis is used to calculate the most likely
plant evolutionary relationships, and this evidence is used to form a new theory
regarding the classification of plants

¢ Analysis of new DNA data continues all the time, and if evidence is found that doesn't fit
with current classification theories then more falsification andreclassification will take
place
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YOURNOTES

!
Dichotomous Keys

e Foranyonewho doesn't specialise in studying a particular group of organisms, it can be
very difficult toidentify, orID, a species when workingin the field
o Correctly identifying species may beimportant for aresearcher studying biodiversity
orlooking attheimpacts of a changing environment on a community of organisms

e Someone seeking toidentify species with which they are not already familiarmay use a tool
known as a dichotomous key
¢ Adichotomous key contains a series of paired statements
o Theterm'dichotomous' refers to these pairs of statements
o Anexample of such a pair of statements mightread:
= The organism shows radial symmetry
= The organism shows bilateral symmetry

o Or:
= Theorganismhas one pairof wings
= Theorganism has two pairs of wings

e Toworkthrough a dichotomous key, you start with the first pair of statements and apply
them to the unknown species; one statement will be clearly false, while the otherwillbe a
correct description of the species

e Thecorrect statement leads to another pair of statements, and so on until the final correct
statementleads to the name of the species
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YOURNOTES

*> Worked Example !

Usethe dichotomous key provided to identify the type of organism below

The organism has an exoskeleton, a segmented body, and 4 pairs of legs. Ithas no
tailand cannot produce silk

=N /i3

W

"HARD
SEGMENTED | EXOSKELETON
BODY
"4 PARS
OF LEGS
CANNOT PRODUCE
SILK FIBRES
Hard exoskeletonabsent ... ... 2
1 Hard exoskeleton present ... 3
Hard shell absent. . Slug
2 Heaprdishell bresent.. . . SRS i .. Snail
3 3pairsoflegs .. 9
4 pairs ofECcINN.. 4
4 Tailabsent . ... 6
Tail present ... Scorpion
Body colour uniform ... Ant
° Body striped black and yellow....._........ Wasp
Silk producing organ present ... . Spider
6 Silk producing organ absent..................... Mite

Step 1: Decide which of the first pair of statements applies
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The organism has an exoskeleton, sowe canignore the first statementin pairland move onto
the third pair of statements as instructed in the key

Step 2: Decide which of the third pair of statements applies
The organism has 4 pairs of legs, so we move on to the fourth pair of statements as instructed
Step 3: Decide which of the fourth pair of statements applies

The organismhas no tail, sowe know thatitis not a scorpion, and we move onto the sixth pair of
statements asinstructed

Step 4: Decide which of the sixth pair of statements applies
The organism cannot producessilk, soit must be a species of mite

Constructing adichotomous key

¢ When constructing a key, the following should be considered
o Each pairof statements should contain features that are clearly identifiable and not
subject to opinion e.g. the organism has 3 pairs of legs, ratherthan e.g. the organism
is small
= Alegcountgives an objective number, but sizeis relative and depends on what
the species is beingcomparedto

o Statements mustbe'yes'or'no'instyle

o Each pairof statements should divide the organisms being identified into two
distinct groups

o Each subsequent pair of statements should divide the organisms into smaller and
smaller groups

o Each statement should be followed by either a number to continue the process of
narrowing down the options, or should name the organism to which it applies
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| VERTEBRATE |

| |
SKIN COVERED [NO HAIR ON SKIN |
WITH HAIR

| |
SKIN COVERED NO FEATHERS

MAMMAL WITFEATHERS ON SKIN

., |
© W) KERATINOUS NO KERATINOUS

| |

FULLY AQUATIC PARTIALLY AQUATIC

LIFE CYCLE LIFE CYCLE e
T

Dichotomous keys can also be representedusing a branched diagram as shown here. This
visual representation can be easier tounderstand, butiitis limitedin the number of
organisms it caninclude

(’) ExamTip

¥  Getsome practice at using a dichotomous key by identifying the remaining
organisms featuredin the key, all of which are described below. Note: they are all
quite easily recognisable animals so you should be able to tellwhetheryou have
usedthekey correctly ornot.

1.The organism has an exoskeleton, a segmented body, and 4 pairs of legs. It has
atailwith a sting

2.The organism has an exoskeleton, a segmented body, and 3 pairs of legs. Its
body is uniformin colour

3.The organism has an exoskeleton, a segmented body, and 3 pairs of legs. It's
body is striped black and yellow

4.The organismis soft bodied with a muscularfootand a hard shell

5.The organism has an exoskeleton, a segmented body, and 4 pairs of legs. It has
no tail but can produce ssilk fibres from a specialised organ on its abdomen

6.The organismis soft bodied with a muscularfoot and no hard shell
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Analysis of Cladograms YOURNOTES

¢ Evolutionary relationships between species can berepresentedvisually using a diagram {
called a cladogram
e Cladograms are evolutionary trees that show probable order of divergence from
ancestral species and therefore probable relationships between species
¢ Analysis of a cladogram can provide several pieces of information
o Thepointatwhich two branches separateis known as a node,
andrepresents common ancestor species
= Anodeimmediately adjacent to a pair of clades indicates that these two clades
share arecent common ancestor
= This shows that the two clades are more closely related to each other than they
aretoany othercladein the cladogram
= |fseveral nodes need tobetraced back before two clades can bejoined, this
indicates a more distant relationship between two clades

o Cladograms sometimes show numbers along the branches; theseindicate the
number of base or amino acid changes that have occurred between one node and
the next orbetween a node and an emerging clade or species

= Theconstantrate atwhich mutations accumulate means thatthese numbers can
be used as a molecular clock to calculate how much time has passed

o Some cladograms have a time scale to show how many millions have years have
passed

¢ Computers use theinformation from sequence data to build the most likely cladogram
o Thisis doneusingthe principle of parsimony which states that the simplest
explanationis preferred
= The computerbuilds the shortest possible cladogram with the smallest number
of divergence events to fit the available data

¢ Cladograms provide the most likely estimate of the evolutionary progress of organisms
o Thereliability of a cladogram may vary depending on the amount of sequence data
usedtoconstructit
= Acladogram based on the sequencing of one gene willbe less reliable than a
cladogram based on the sequencing of several genes

o Cladograms are subject to change when new sequence data becomes available
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HAGFISHES ] JAWLESS

LAMPREYS FISH =

CARTILAGINOUS FISHES 42{
RAY—FINNED FISHES "‘

COELACANTH | LOBE-FINNED

LUNGFISH | FISHES S

CAECILIANS
AMPHIBIANS S}Q%

SALAMANDERS

—— TURTLES

TUATARA
LIZARDS AND SNAKES RE%LES *
CROCODILIANS B
BIRDS 2\%
MONOTREMES
MARSUPIALS MAMMALS @

PLACENTALS

INODE REPRESENTING COMMON ANCESTOR OF ALL VERTEBRATES l

=] [v]

FIVE NODES NEED TO BE TRACED BACK TO LINK PLACENTAL
MAMMALS WITH COELACANTHS, INDICATING A MORE DISTANT
RELATIONSHIP

THREE CLADES DIRECTLY LINKED TO ONE COMMON ANCESTOR
INDICATES THAT THIS CLADOGRAM WAS BUILT WITHOUT ENOUGH
DATA TO DETERMINE WHICH OF THESE THREE CLADES ARE MORE
CLOSELY RELATED

ONLY ONE NODE NEEDS TO BE TRACED BACK TO LINK
CROCODILIANS AND BIRDS, SO THEY ARE MORE CLOSELY RELATED
TO EACH OTHER THAN TO ANY OTHER CLADE

NODE REPRESENTING COMMON ANCESTOR OF ALL MAMMALS

NOTE THAT THE REPTILES ARE NOT A TRUE CLADE, AS THEY
DO NOT INCLUDE THE BIRDS, WHICH SHARE A COMMON
ANCESTOR WITH THEM
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A cladogram with notes to indicate some of the conclusions that canbe drawn fromit. Note YOURNOTES
that this cladogram contains no numbers or time scale, so it does not show the number of l
base oramino acid changes that have occurred between one node and the next, or how
much time has passed between nodes.
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