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5.2.1 Classi�cation System

Binomial System

The diversity o f  lif e  o n Earth is vast, and is kno wn as glo bal bio diversity

The extent o f glo bal bio diversity is such that scientists can o nly estimate  the to tal number o f

species present o n Earth, and it is likely that there are many species yet to  be disco vered

Fo r bio lo gists to  make sense o f the huge array o f species, o rganising them into  lo gical gro ups  is

essential

This pro cess o f putting o rganisms into  gro ups is kno wn as classi�catio n

The science o f classi�catio n is kno wn as  taxo no my, and scientists wo rking in the �eld o f

taxo no my are taxo no mists

Classifying an o rganism invo lves deciding which bio lo gical gro up, o r taxo n (plural taxa), it �ts

into  best, and then naming it  acco rding to  its taxo n

Histo rically an o rganism's bio lo gical gro up was determined o n the basis o f its o bservable

characteristics, and to day this info rmatio n is co mbined with DNA sequence data fo r mo re

accurate classi�catio n

A Universal Naming Syst em

The bio lo gical system o f naming used to  name species acco rding to  their taxa is kno wn as the

bino mial system

This system is universal, ensuring that scientists aro und the wo rld all use the same metho d  o f

naming species

In the past, individual scientists decided o n species names; names co uld be very lo ng, and

o ften o ne species co uld have di�erent names  in di�erent parts o f the wo rld

To  ensure that all bio lo gists kno w, and agree o n, the criteria fo r naming species, regular meetings

called co ngresses  are held to  discuss naming co nventio ns

The �rst Internatio nal Z o o lo gical Co ngress  was held in 1889, during which taxo no mists

agreed o n the rules  that sho uld be used fo r classifying and naming species

Co ngresses have since been held at regular intervals, with separate meetings fo r scientists

who  study di�erent gro ups o f o rganisms e.g. animals, plants, and fungi

T he Binomial Syst em

The bino mial naming system, o r system o f no menclature, was intro duced by the Swedish

taxo no mist Carl Linnaeus  in his 1758 bo o k, Systema Naturae

The system invo lves giving a species a two -part name, hence bino mial

Bo th parts o f the name are in Latin, o r a latinised versio n o f a no n-Latin wo rd

e.g. Eriovixia gry�ndori is a species o f o rb spider named after a famo us scho o l ho use
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The �rst part o f the name is an o rganism's genus, and the seco nd is its species  name

E.g. the bino mial name o f a wo lf is Canis lupus; wo lves belo ng to  the genus Canis, and the

species lupus

There are several co nventio ns, o r rules, that sho uld be used when writing bino mial names

The genus sho uld begin with a capital letter, and the species with a lo wer-case letter, e.g.

the ho ney bee is Apis mellifera

When typed, bino mial names sho uld appear in italics, and when written by hand, they sho uld

be underlined  e.g. a limpet is Patella vulgata when typed, o r Patella vulgata by hand

The �rst time a bino mial name is used in a text it sho uld appear in f ull, e.g. wheat is Triticum

aestivum, but the genus name can f ro m then o n be abbreviated  to  T. aestivum

NOS: Cooperat ion and collaborat ion bet ween groups of  scient ist s; scient ist s use t he
binomial syst em t o ident if y a species rat her t han t he many di�erent  local names

The wo rk o f scientists do es no t take place within the co n�nes o f  a labo rato ry, o r even a

co untry, but can have implicatio ns fo r the wo rk o f o ther scientists aro und the wo rld

Because o f the internatio nal nature o f  scienti�c research, it is essential that scientists are able

to  co mmunicate with each o ther clearly  abo ut their wo rk

Fo r scienti�c co mmunicatio n to  be e�ective  and allo w co llabo ratio n, it is essential that

scienti�c language enables scientists to  be sure that they are talking abo ut the same thing

The bino mial naming system is a go o d example o f a system that enables scientists to

co mmunicate clearly with each o ther abo ut living o rganisms

The bino mial system is essential because it ensures that scientists are all talking abo ut the same

species

Di�erent co untries  may have di�erent co mmo n names  fo r the same species e.g. In English,

Felis domesticus is kno wn as a cat, but aro und the wo rld it is also  kno wn as kitte, mao w, chat,

kissa, bili, and gato

Di�erent lo cal o r cultural names  may arise even within a co untry e.g. in the UK alo ne the

wo o dlo use, Onescus asellus, has mo re than 50 di�erent lo cal names that include wo o dpigs,

cheesy bo bs, wo o dywigs, chuggy pigs, and crunchy bats, and ano ther co untry may have an

equally lo ng list o f lo cal, o r cultural names fo r the same species

There are also  examples o f species where o ne name might be used f o r di�erent species  in

di�erent parts o f the wo rld, e.g. the ro bin in the US is a co mpletely di�erent species o f bird

to  the ro bin in Euro pe

There is no thing wro ng with maintaining the use o f di�erent co mmo n names aro und the wo rld,

but when scientists discuss their wo rk, the bino mial system ensures that they are co mmunicating

e�ectively  with each o ther

Taxonomy

Bio lo gical classi�catio n invo lves putting o rganisms into  gro ups, o r taxa (singular taxo n)

The taxa fo rm a hierarchy

A hierarchical system is o ne in which larger gro ups co ntain smaller gro ups  with no  o verlap

between gro ups

The smallest taxo n in the taxo no mic hierarchy is species

The species taxa are gro uped within the next biggest taxo n in the hierarchy, genus  (plural genera)

The genera are gro uped within the next taxo n, f amily, and so  o n until the biggest taxo n, do main
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Domains

Taxo no my  is the practice o f bio lo gical classi�catio n

Organisms are gro uped into  taxa, with the smallest taxo n being species

The science o f taxo no my has f requently changed  to  match the latest disco veries abo ut the

features o f o rganisms

Histo rically, the largest taxo no mic gro ups were the plant  and animal kingdo ms, then f ungi

were disco vered and added (inco rrectly) to  the plant kingdo m

Micro sco pes  led to  the disco very o f pro karyo tes  and eukaryo tes, and the taxa were later

divided into  �ve kingdo ms; plants, animals, f ungi, pro to ctists, and pro karyo tes

The pro to ctists are eukaryo tic, primarily single-celled, o rganisms

RNA analysis  has recently sho wn that there are two  distinct gro ups o f  pro karyo tes, leading

to  a shif t  in taxo no mic thinking and the beginnings o f the three do main system

The largest taxo no mic gro up  is no w kno wn as a do main

There are three do mains, which are:

Archaea (pro karyo tes)

Eubacteria (pro karyo tes)

Eukaryo tes (eukaryo tes)

The three domains
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Classif ying t he Archaea

The archaea were o riginally classi�ed with the rest o f the bacteria in o ne taxo n due to  sharing

several f eatures  with them

Pro karyo tic cell structure

Circular chro mo so me

Presence o f a cell wall

70S ribo so mes

Clo ser analysis o f the archaea ho wever sho wed that so me o f  their f eatures were distinct  fro m

the rest o f the pro karyo tes

Their cell walls are made o f  a di�erent material fro m the cell walls o f the rest o f the bacteria

Their cell membranes are made o f  a distinct type o f  lipid

The small subunit o f their ribo so mes  is mo re similar to  eukaryo tic ribo so mes  than to  the

ribo so mes o f the rest o f the pro karyo tes

These disco veries led to  a change in the classi�catio n o f  the archaea, which became their o wn

do main

T he Features o f  the T hree Do mains Co mpariso n Table
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Hierarchy of Taxa for Eukaryotes

Eukaryo te is the do main o f all eukaryo tes, distinguishable fro m the Bacteria and the Archaea

which are bo th pro karyo tic  do mains

Just like the o ther do mains, the Eukaryo te do main co ntains a hierarchy o f  taxa

The taxo no mic hierarchy co ntains the fo llo wing taxo no mic gro ups in descending o rder o f siz e:

Do main

Kingdo m

Phylum

Class

Order

Family

Genus

Species

It can be go o d to  use a mnemo nic, o r memo ry aid, to  help yo u remember the di�erent ranks in the

taxo no mic classi�catio n system

There are lo ts o ut there, o r yo u can make up yo ur o wn, but here's an example that yo u might

�nd helpful:

Do  Keep Po nds Clean Or F ish Get Sick

Do main, Kingdo m, Phylum, Class, Order, Family, Genus, Species

The hierarchy of taxa
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The wo lf, Canis lupus, is an example o f an o rganism in the eukaryo te do main

A wo lf belo ngs to  the fo llo wing taxo no mic gro ups:

Do main: Eukaryo te

Kingdo m: Animalia

Phylum: Cho rdata

Class: Mammalia

Order: Carnivo ra

Family: Canidae

Genus: Canis

Species: lupus

The �o wering plant Hibiscus rosa-sinensis is ano ther example o f an o rganism in the eukaryo te

do main

It belo ngs to  the fo llo wing taxo no mic gro ups:

Do main: Eukaryo te

Kingdo m: Plantae

Phylum: Angio spermae

Class: Dico tyledo nae

Order: Malvales

Family: Malvaceae

Genus: Hibiscus

Species: rosa-sinensis
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5.2.2 Classifying Organisms

Examples of Classi�cation

Bio lo gical classi�catio n invo lves putting o rganisms into  gro ups, o r taxa (singular taxo n)

The taxa fo rm a hierarchy

A hierarchical system is o ne in which larger gro ups co ntain smaller gro ups  with no  o verlap

between gro ups

The taxo no mic hierarchy co ntains the fo llo wing taxo no mic gro ups in descending o rder o f siz e:

Do main

Kingdo m

Phylum

Class

Order

Family

Genus

Species

Examples of  classi�cat ion

The wo lf, Canis lupus, is an example o f an o rganism in the animal kingdo m

A wo lf belo ngs to  the fo llo wing taxa

Do main: Eukaryo te

Kingdo m: Animalia

Phylum: Cho rdata

Class: Mammalia

Order: Carnivo ra

Family: Canidae

Genus: Canis

Species: lupus

The �o wering plant Hibiscus rosa-sinensis is an example o f an o rganism in the plant kingdo m

It belo ngs to  the fo llo wing taxa

Do main: Eukaryo te

Kingdo m: Plantae

Phylum: Angio spermae

Class: Dico tyledo nae

Order: Malvales

Family: Malvaceae

Genus: Hibiscus

Species: rosa-sinensis
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T he Classi�catio n o f  the Wo lf  and the Hibiscus Plant Table

Natural Classi�cation

The taxo no mic classi�catio n system o rganises species into  gro ups based o n their evo lutio nary

o rigins  and relatio nships

This means that all members o f a taxo no mic gro up share a co mmo n ancesto r

A co mmo n ancesto r is o ne individual, o r pair o f individuals, fro m who m all individuals in a

gro up have descended, e.g.

Fo r a gro up o f full siblings, the co mmo n ancesto rs will be their parents

Fo r a gro up o f co usins, the co mmo n ancesto rs will be their grandparents

Gro uping o rganisms into  taxa that share a co mmo n ancesto r is kno wn as natural classi�catio n

and a gro up o f o rganisms classi�ed in this way is kno wn as a natural gro up

E.g. eukaryo tic cells appear to  have o nly evo lved o nce, meaning that o ne eukaryo tic cell

was the ancesto r o f  all o ther eukaryo tes; the eukaryo te do main is therefo re a natural gro up

It is po ssible to  carry o ut arti�cial classi�catio n, gro uping to gether o rganisms f ro m di�erent

ancesto rs, e.g.

Do lphins and sharks co uld in theo ry be gro uped to gether as they are bo th gro ups o f aquatic

animals that share a similar bo dy shape, but they in fact belo ng to  di�erent classes

Do lphins are mammals  and sharks are �sh

Their streamlined bo dy shapes evo lved separately  rather than o riginating in o ne

co mmo n ancesto r

Cacti and eupho rbia are two  gro ups o f desert plant reco gnisable by their spiny leaves and

branching, succulent stems, and it wo uld be reaso nable to  assume fro m their appearance

that they are clo sely related to  each o ther, but they belo ng to  di�erent o rders  o f plant

Cacti are fo und in the deserts o f the Americas, while eupho rbia are fo und in Africa

They evo lved separately, but adapted to  similar enviro nments, hence they have similar

characteristics; this kind o f evo lutio n is kno wn as co nvergent evo lutio n
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It can be di�cult to  carry o ut accurate natural classi�catio n fro m o bservatio n alo ne, but the

develo pment o f DNA sequencing techno lo gy  means that natural classi�catio n o n the basis o f

DNA sequence data has beco me po ssible

It would be possible to group both sharks and dolphins, and butter�ies and bats, together on the basis of

their shared characteristics, but this would not be a natural classi�cation as they do not share recent

common ancestors

T he advant ages of  nat ural classi�cat ion

Natural classi�catio n enables identi�catio n o f unkno wn species

E.g. when a sample o f insects is co llected and the researcher do esn't reco gnise all o f the

species co llected

Using the natural classi�catio n system an unkno wn species can be identi�ed by lo gically

wo rking thro ugh the taxa

This means �rst identifying the do main, then the kingdo m, then phylum etc., narro wing

do wn the o ptio ns  until a species is identi�ed

An identi�catio n metho d kno wn as a dicho to mo us key  wo rks using this principle

Natural classi�catio n enables predictio ns to  be made  abo ut the characteristics  o f a species

If all o f the members o f a taxo n descend fro m a co mmo n ancesto r means that it is likely that

the members will share co mmo n characteristics

This can be useful when e.g. searching fo r new drugs; if researchers kno w that o ne member o f

a plant genus pro duces a chemical that is useful in treating a disease, then it is likely that o ther

members o f that genus may pro duce the same chemical

This allo ws researchers lo o king fo r new drugs to  fo cus their search rather than testing

every single plant species
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Reclassi�cation

There can be di�culties  when trying to  determine the ancestry  o f species based o n o bservatio n

o f shared characteristics

This can lead to  arti�cial rather than natural classi�catio n

Co nvergent evo lutio n can lead to  gro ups o f o rganisms sharing similar characteristics

when they did no t evo lve fro m a shared co mmo n ancesto r

Advances in DNA, RNA and  pro tein sequencing has allo wed scientists to  further investigate the

relatio nships between species

This has revealed the true ancestry  o f taxa

This so metimes leads to  reclassi�catio n o f taxa

Taxa may be split  if taxo no mists decide that they do  no t descend f ro m a co mmo n ancesto r

Taxa previo usly classi�ed as separate may be gro uped to gether if it is disco vered that they

do  descend f ro m a co mmo n ancesto r

An example o f a taxo n in which there has been a great deal o f reclassi�catio n since the

intro ductio n o f sequencing data is the Ho minidea gro up to  which humans belo ng

Humans were o riginally tho ught to  have their o wn taxo n separate fro m the rest o f the great

apes, but are no w kno wn to  be part o f  the same f amily
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The taxon containing humans has been frequently reclassi�ed
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5.2.3 Plant Phyla Features

Plant Phyla Features

All plants belo ng to  the plant kingdo m

Within the plant kingdo m are several phyla (singular phylum)

So me plant phyla are small

E.g. the Glauco phytes co ntain o nly 70 species and the Gingko phytes co ntains o nly 1 living

species

There are f o ur majo r plant phyla

Bryo phytes (20 000 species)

Filicino phytes (10 000 species)

Co nifero phytes (600 species)

Angio spermo phytes (352 000 species)

Each o f the fo ur main phyla can be identi�ed by their characteristics

Bryophyt es

The bryo phytes  include mo sses, liverwo rts, and ho rnwo rts

They are small, terrestrial plants

They have no  vascular tissue

Cambium tissue is also  absent

Cambium is a tissue co ntaining stem cells that di�erentiate into  xylem and phlo em cells

Repro ductio n takes place via spo res

Spo res are pro duced in and dispersed fro m spo re capsules

Bryo phytes do  no t pro duce �o wers, po llen, o vules, seeds, o r fruits

No  true ro o ts are present, but hair-like structures called rhiz o ids ancho r plants in the so il
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The bryophytes include mosses and liverworts

Filicinophyt es

Filico no phytes are the f erns

Ferns are mainly terrestrial and have vascular tissue 

Ro o ts, stems, and leaves  are present

Fern leaves are divided structures kno wn as fro nds

Cambium tissue is  absent

Repro ductio n takes place via spo res

Spo res are pro duced in and dispersed fro m structures o n the underside o f fro nds called

spo rangia

Filicino phytes do  no t pro duce �o wers, po llen, o vules, seeds, o r fruits
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The �licinophytes are the ferns

Conif erophyt es

Mo re co mmo nly referred to  as the co nif ers, the co nifero phytes are usually tall, straight, trees

Ro o ts, stems, and leaves  are present

Vascular tissue is present , as well as cambium tissue

Repro ductio n is carried o ut via po llen and  o vules

Po llen is pro duced in male co nes and o vules  are pro duced in female co nes

Po llen is the male gamete and o vules are the female gamete

No  �o wers  are present

Bo th male and f emale  co nes are present o n each tree

Po llen is carried fro m o ne co ne to  ano ther by the wind  in o rder fo r fertilisatio n to  take place

Seeds  develo p after fertilisatio n inside co nes and are dispersed by falling to  the gro und o r by

animals

Mo st co nifero phytes are evergreen (i.e. they retain their leaves all year ro und)
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Coniferophytes reproduce via pollen and ovules that are produced inside cones

Angiospermophyt es

Often referred to  as angio sperms, these are �o wering plants

This is an incredibly diverse phylum, with examples including grasses, shrubs, and no n-

co nifero us  trees

Ro o ts, stems, and leaves  are present

Vascular and cambium tissues  are present

Repro ductio n is carried o ut via po llen and o vules

Flo wers  pro duce po llen and also  co ntain o vules within an o vary

Fertilisatio n o ccurs when po llen is transferred fro m o ne �o wer to  ano ther by e.g.

Insects

Animals

Wind
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Seeds  fo rm and are dispersed via f ruits  which develo p fro m the o varies o f �o wers

Angiospermophytes reproduce via pollen and ovules produced in �owers
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5.2.4 Animal Phyla Features

Animal Phyla Features

Animals are multicellular, eukaryo tic  o rganisms

They are hetero tro phs and mo st have a nervo us system that enables respo nses to  the

surro unding enviro nment

There are o ver 30 animal phyla, so me o f which are vertebrates  and so me o f which are

invertebrates

Vertebrates have a backbo ne, o r spinal co lumn, while invertebrates do  no t

So me o f the majo r animal phyla include:

Po rifera

Cnidaria

Platyhelminthes

Annelida

Mo llusca

Arthro po da

Cho rdata

Porif era

Simple aquatic o rganisms  co nsisting o f a co lo ny o f  cells

Co mmo nly kno wn as the spo nges

Once tho ught to  be plants

Two  layers o f  cells surro und an internal cavity

They do  no t have a mo uth fo r taking in fo o d, o r an anus fo r egestio n

Water is drawn in thro ugh po res  in the o uter layer o f cells, befo re suspended particles f ro m the

water are �ltered o ut and taken up by surro unding cells  fo r fo o d

Po rifera are �lter f eeders

There is no  symmetry  in the bo dy plan o f the po rifera

The structure  o f po riferans is suppo rted by calcium o r silica fo rmatio ns kno wn as spicules
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Porifera take in water through pores for �lter feeding

Cnidaria

Aquatic o rganisms  also  kno wn as the co elenterates

Their bo dy cavity is surro unded by two  layers o f  cells  and has a single o pening f o r bo th

ingestio n and egestio n

There are two  distinct bo dy f o rms  present in the cnidaria phylum

Po lyps, o r hydro ids are sessile e.g. co ral and anemo nes

Medusae (singular medusa) �o at in the water e.g. jelly�sh

So me cnidaria go  thro ugh bo th the po lyp and medusa bo dy fo rm during their lif e cycle

Po lyps are �lter f eeders, while medusae catch prey  using stinging cells  o n their tentacles

There is radial symmetry  in the bo dy plan o f the cnidaria
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Mo st cnidaria have so f t bo dies  that rely o n the surro unding water fo r suppo rt, but co rals secrete

an exo skeleto n made o f calcium carbo nate

Cnidaria have two distinct body forms; polyps and medusae

Plat yhelmint hes

Flat-bo died, unsegmented  wo rms that include the �atwo rms, tapewo rms, and �ukes

T hree layers o f  cells  surro und a branched gut with o ne o pening f o r bo th ingestio n and egestio n

Platyhelminthes can be f ree-living predato rs  o r scavengers, o r parasites  that feed o n their

ho sts

The �at bo dy shape o f platyhelminthes means that the di�usio n distance to  all cells is  sho rt , and

no  circulato ry system is present

There is bilateral symmetry  in the bo dy plan o f the platyhelminthes

Platyhelminthes have so f t bo dies  with no  skeletal suppo rt
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The body structure of a member of the phylum Platyhelminthes

Annelida

Ro und-bo died, segmented  wo rms that include the earthwo rms  and the leeches

Each ring-shaped bo dy segment  co ntains a repetitio n o f the structures o f blo o d vessels and

nerves

The gut  has separate o penings fo r the mo uth and anus

Annelida can be f ree-living predato rs  o r scavengers, o r parasites  that feed o n their ho sts

Annelida have a clo sed circulato ry system

There is bilateral symmetry  in the bo dy plan o f the annelida

Annelida have so f t bo dies  which are suppo rted by a hydro skeleto n

The hydro skeleto n is an internal �uid-�lled cavity called the co elo m, against which the

muscles o f the bo dy wall exert pressure
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The annelida have a segmented body structure

Mollusca

A diverse gro up o f animals that includes the snails, slugs, mussels, limpets, and o cto puses

It is the seco nd-largest phylum (i.e. it co ntains a higher number o f reco rded species than any

o ther phylum, except fo r Arthro po da)

Mo st mo lluscs are aquatic, with so me terrestrial species

The bo dy structure co ntains a muscular f o o t  and a visceral mass

The fo o t is used fo r mo tio n and/o r ancho rage  e.g. as in limpets

The visceral mass is lo cated abo ve the fo o t and co ntains the internal o rgans  (i.e. it is the

so ft, metabo lic regio n that co ntains the digestive, excreto ry and repro ductive o rgans)

The gut  has separate o penings fo r the mo uth and anus
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Mo llusca have several feeding metho ds, including:

Filter f eeding e.g. in bivalves such as mussels

Scraping at fo o d so urces such as leaves o r algae o n ro cks using a ro ugh, to ngue-like o rgan

called a radula e.g. snails and limpets

Active predatio n e.g. sea slugs

Mo st mo llusca have an o pen circulato ry system in which the transpo rt �uid bathes the internal

o rgans

The cephalo po ds, which include squid and o cto puses have a clo sed circulato ry system

There is bilateral symmetry  in the bo dy plan o f the mo llusca

Mo llusca have so f t bo dies  that so metimes secrete a calcium carbo nate shell fro m a mantle e.g.

snails

The body structure of snails; members of phylum Mollusca

Art hropoda

Animals with segmented bo dies, a hard exo skeleto n, and jo inted limbs

It is the largest phylum (i.e. it co ntains a higher number o f reco rded species than any o ther

phylum)

It includes insects, arachnids, crustaceans, centipedes, and millipedes

There is usually o ne pair o f  jo inted limbs per bo dy segment , tho ugh this is no t always the case

The gut  has separate o penings fo r the mo uth and anus

Arthro po da have an o pen circulato ry system

There is bilateral symmetry  in the bo dy plan o f the arthro po da

Arthro po da have a hard exo skeleto n made o f chitin

The exo skeleto n is shed as the animal gro ws
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Insects are members of the phylum Arthropoda; they have three body segments, each with a pair of

jointed limbs

Chordat a

The phylum cho rdata includes all o f  the vertebrates, as well as so me invertebrates  such as the

tunicates; co mmo nly kno wn as sea squirts

To  be classi�ed as a cho rdate, an o rganism must have the fo llo wing features at so me stage

during its develo pment :

A ro d-like structure alo ng the do rsal length o f the bo dy kno wn as a no to cho rd

Do rsal refers to  the back o f an o rganism

A ho llo w nerve co rd  lo cated in the do rsal regio n

A series o f slits behind the mo uth kno wn as pharyngeal slits

A tail that extends beyo nd the anus, kno wn as a po st-anal tail
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So me cho rdates o nly have these features during the embryo nic stages  o f develo pment, e.g.

In vertebrates, the no to cho rd is replaced with the spinal co lumn in fully develo ped individuals

The do rsal ho llo w nerve co rd develo ps into  the brain and spinal co rd in mo st species o f

cho rdate

The pharyngeal slits are o nly retained into  adultho o d in so me types o f cho rdate e.g. in the

gills o f �sh

The po st-anal tail has beco me a vestigial structure in the great apes

Vestigial structures are tho se that have lo st their functio n, and are so metimes kno wn as

'evo lutio nary lefto vers'

Human embryos have all of the features of phylum chordata

Phyla Features Table
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Vertebrate Features

The vertebrates are o rganisms that have a spinal co lumn made up o f vertebrae

There are 5 majo r classes  o f vertebrate

Bo ny ray-�nned �sh (27 000 species)

There are o ther classes o f �sh, e.g. the bo ny lo be-�nned �sh (6 species), and the

cartilagino us �sh, who se skeleto ns are made o f cartilage rather than bo ne (aro und 900

species)

Amphibians (6000 species)

Reptiles (9000 species)

Birds (10 000 species)

Mammals (5 700 species)

The 5 classes can be reco gnised by their features

Bony ray-�nned �sh

The ray-�nned �sh, also  kno wn as class Actino pterygii, have skeleto ns made o f  bo ne, and �ns

suppo rted by rays, o r spines, o f bo ne

The scales  co vering the bo dies o f the ray-�nned �sh vary in shape and co mpo sitio n

Oxygen is gained via di�usio n f ro m the water into  the gills, which are co vered by a gill �ap called

the o perculum

During repro ductio n, eggs and sperm are released into  the water and fertilisatio n takes place

o utside the bo dy; this is external f ertilisatio n

Their entire lif e cycle is  aquatic

Bo dy temperature is no t regulated  but changes with the surro unding enviro nmental

temperatures

Buo yancy is regulated by in�ating and de�ating an internal air sac called a swim bladder

Page 25 of 46
For more help visit our website www.exampaperspractice.co.uk



Ray-�nned �sh have a skeleton of bone, �ns with bone rays, a swim bladder, and a gill operculum

Amphibians

This class includes animals such as f ro gs, to ads, and salamanders

Amphibians have so f t, mo ist skin

Amphibian skin is permeable, enabling exchange o f gases while under the water

Simple lungs are also  present fo r gas exchange o n land

During repro ductio n, fertilisatio n is external 

Jelly-like eggs  must be laid in water, and the larval stage o f  the lif e-cycle is aquatic  e.g. fro g

tadpo les

Larvae such as tadpo les mature into  an adult bo dy fo rm

Adult amphibians o ften leave the water and spend mo st o f their time o n land

There are a few exceptio ns to  this; so me fro g and to ad species can lay eggs o n land which

hatch into  tiny adults rather than tadpo les

Bo dy temperature is no t regulated
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The amphibian life-cycle includes an aquatic larval stage, and a terrestrial adult stage

Rept iles

This class includes animals such as liz ards, snakes, and turtles

Reptiles have impermeable, scaly skin made o f keratin pro tein

Reptiles are mainly terrestrial, gaining their o xygen thro ugh highly fo lded surfaces in their lungs

During repro ductio n, male sperm is depo sited inside the female's bo dy, so  fertilisatio n is internal

The eggs o f reptiles are so f t-shelled

Reptile bo dy temperature is no t regulated
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Reptiles have a body covering of scales, and breathe using highly folded lungs

Birds

This class includes animals such as chickens  and o striches

Skin is co vered with f eathers  made o f keratin

The fro nt limbs o f birds are mo di�ed into  wings, and skeleto ns are lightweight , bo th

adaptatio ns fo r �ight

Birds gain o xygen via a pair o f lungs  and co nnected air sacs

Fertilisatio n is internal

The eggs o f birds are hard-shelled

Shells co ntain calcium carbo nate

Bird bo dy temperature is regulated, so  is o ften warmer than the surro unding enviro nment
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Birds are usually highly adapted for �ight and reproduce using internal fertilisation

Mammals

This class includes animals such as elephants, humans, and whales

Skin is co vered with hair made o f keratin

In so me mammals bo dy hair is lo st in adultho o d, e.g. in aquatic mammals

Mammals gain o xygen via a pair o f lungs

Fertilisatio n is internal

The yo ung o f mammals develo ps inside the bo dy  o f the mo ther, and  live yo ung are bo rn

There are so me unusual exceptio ns to  this e.g. the duck-billed platypus and the echidna

Yo ung mammals are fed o n milk pro duced in mammary glands

Mammal bo dy temperature is regulated
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5.2.5 Cladistics

Clades

The term clade  can be de�ned as

A group of  organisms that have all descended f rom a common

ancestor

Cladistics  is the branch o f science in which scientists put o rganisms into  clades

It invo lves classi�catio n that is based o n ho mo lo go us characteristics rather than analo go us

characteristics

Clades are fo rmed o n the basis o f evo lutio nary relatio nships i.e. who  is descended fro m which

ancesto r

No te that while taxo no my  is abo ut classifying and then naming o rganisms, cladistics is abo ut

identif ying evo lutio nary relatio nships  between o rganisms

A taxo n is a gro up o f o rganisms that have been given a gro up name by taxo no mists o n the

basis o n their shared f eatures

A clade  is a gro up o f o rganisms classi�ed to gether o n the basis o f  their shared descent

fro m a co mmo n ancesto r

If taxo no my is carried o ut co rrectly then all o f  the members o f  a taxo n sho uld f o rm a clade, but

due to  histo rical erro rs and the di�culties in distinguishing between true ho mo lo go us

characteristics  and tho se that have co me abo ut by co nvergent evo lutio n, this is no t always the

case

Clades can include bo th living and extinct  species

So me o f the descendants o f a co mmo n ancesto r may have go ne extinct

The co mmo n ancesto r species itself may have go ne extinct

Clades can be large  o r small depending o n the co mmo n ancesto r being studied
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Identifying Members of a Clade

In the past, scientists enco untered many di�culties  when trying to  determine the evo lutio nary

relatio nships  between species

Using the physical features o f species has limitatio ns  and can o ften lead to  o rganisms being

put into  gro ups that are no t true clades

This wo uld mean that all o f the o rganisms in a gro up are no t descended f ro m a co mmo n

ancesto r

So me descendants might be missing

So me o rganisms might have been included that descend fro m a di�erent ancesto r

Advances in sequencing techno lo gy  have allo wed scientists to  further investigate the

evo lutio nary relatio nships between species

Sequence data that can be used to  investigate evo lutio nary relatio nships can co me fro m

DNA

mRNA

Amino  acids in po lypeptides

Sequencing techno lo gy can determine the o rder o f DNA bases, mRNA bases and amino  acids

Fo r all types o f sequence data, it can be said that the more similar  the sequences, the

more closely related the species are
Two  gro ups o f o rganisms with very similar sequences have separated into  separate species

mo re recently  than two  gro ups with less similarity in their sequences

Species that have been separated fo r lo nger have had a greater amo unt o f time to

accumulate mutatio ns and changes  to  their DNA, mRNA and amino  acid sequences

Sequence analysis and co mpariso n can be used to  create family trees that sho w the

evo lutio nary relatio nships  between species

Exam T ip

Yo u may be wo ndering why yo u wo uld use amino  acids when yo u co uld lo o k at DNA o r mRNA; it is

o ften easier to  �nd and iso late pro teins fro m cells than it is to  iso late DNA o r mRNA.Ho wever,

DNA o r mRNA analysis is o ften mo re po werful because genes fo r the same pro tein may have

slightly di�erent base sequences in di�erent species.
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Divergence from a Common Ancestor

The evo lutio nary relatio nships  between species can be determined by analysing sequence

data fro m e.g. DNA, mRNA, o r amino  acids in po lypeptides

The number o f  di�erences  between sets o f sequence data pro vides info rmatio n o n ho w

clo sely related  two  species are

The mo re di�erences  there are between the sequences, the lo nger ago  the species

diverged, and vice versa

The di�erences between sequence data can also  be used to  pro duce a quantitative estimate

fo r ho w lo ng ago  two  species diverged fro m each o ther

Di�erences in sequence data co me abo ut due to  mutatio ns in the DNA

Evidence suggests that mutatio ns o ccur at a co nstant rate

This means that the number o f  mutatio ns  that have o ccurred gives an indicatio n o f the

amo unt o f  time that has passed  since two  species diverged

Scientists refer to  the co nstant rate o f mutatio n as the mo lecular clo ck

Analysing the di�erences in sequence data allo ws evo lutio nary bio lo gists to  determine the

o rder in which di�erent species  diverged f ro m a co mmo n ancesto r, and therefo re ho w clo sely

related  species are

Di�erences in DNA sequence data show how much time has passed since species diverged from each

other, enabling the relationships between species to be established
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Analogous & Homologous Traits

Ho mo lo go us traits  can be de�ned as

Characteristics that may di�er in f orm and f unction in di�erent

species but that have shared evolutionary origins

Ho mo lo go us traits, o r characteristics, indicate co mmo n ancestry, and are useful fo r classifying

o rganisms into  true clades

An example o f a ho mo lo go us characteristic is the pentadactyl limb; limbs in di�erent

species o f animal di�er signi�cantly in their shape and ro le, but similarities in o verall structure

indicate co mmo n ancestry

The di�culty with using ho mo lo go us traits in classi�catio n is that it is no t always o bvio us whether

characteristics are ho mo lo go us o r analo go us

Analo go us traits  can be de�ned as

Characteristics with the same f unction but which do not share an

evolutionary origin

Such characteristics have evo lved independently o f  each o ther fro m di�erent ancesto rs,

enabling o rganisms to  adapt to  similar enviro nments

This is kno wn as co nvergent evo lutio n

Analo go us characteristics lo o k similar, hence the danger o f co nfusing them with ho mo lo go us

characteristics

Classifying o rganisms o n the basis o f analo go us characteristics will no t pro duce an accurate

clade

This has led to  erro rs  o f classi�catio n in the past

Fo r this reaso n, sequencing data is no w used fo r classi�catio n instead o f o bservable

characteristics
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The body shape of sharks/dolphins and the wings of butter�ies/bats are both examples of analogous

structures
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Cladograms

Evo lutio nary relatio nships  between species can be represented visually using a diagram called

a clado gram

Clado grams are evo lutio nary trees  that sho w pro bable o rder o f  divergence f ro m ancestral

species  and therefo re pro bable relatio nships between species

The po int at which two  branches separate is kno wn as a no de

No des represent co mmo n ancesto r species

The info rmatio n used to  build clado grams mo st o ften co mes fro m sequence data due to

di�culties in the use o f o bservable characteristics

It can be di�cult to  be sure whether o bservable traits are ho mo lo go us  o r analo go us

Sequence data can pro vide info rmatio n abo ut ho w di�erent species are  fro m each o ther, as

well as ho w much time has passed  since divergence fro m a co mmo n ancesto r to o k place

The co nstant rate at which mutatio ns accumulate can be used as a mo lecular clo ck

Co mputers  use the info rmatio n fro m sequence data to  build the mo st likely clado gram

This is do ne using the principle o f parsimo ny, which states that the simplest explanatio n is

preferred

The co mputer builds the sho rtest po ssible clado gram with the smallest number o f

divergence events  to  �t the available data

We say that clado grams sho w the mo st pro bable  divergence times and relatio nships rather

than pro viding de�nite  co nclusio ns

Cladograms t hat  include humans and ot her primat es

Analysis o f sequence data fo r humans and o ther primate gro ups sho w that humans are mo st

clo sely related to  chimps and bo no bo s, and that the next clo sest relative is the go rilla

Humans are tho ught to  have diverged  fro m chimps and bo no bo s between 5−7 millio n years ago
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A cladogram showing humans and other primates

5.2.6 Reclassi�cation

Cladistics & Reclassi�cation

The develo pment o f DNA sequencing techno lo gy  means that classi�catio n can no w be carried

o ut o n the basis o f evo lutio nary relatio nship

Organisms classi�ed in this way are gro uped into  clades

Histo rically, o rganisms wo uld have been classi�ed o n the basis o f o bserved traits, which o ften

led to  o rganisms being classi�ed into  gro ups that were no t true clades

This resulted fro m analo go us characteristics being inco rrectly tho ught to  be ho mo lo go us

The use o f DNA sequencing to  classify o rganisms has led to  disco veries o f classi�catio n erro rs

and the need to  reclassif y  o rganisms

So me species have been reclassi�ed into  di�erent gro ups  o f o rganisms

So me gro ups o f o rganisms have been split  

So me gro ups have been merged

Classifying o rganisms co rrectly acco rding to  their clade  is impo rtant to  ensure that gro ups o f

o rganisms are clo se evo lutio nary relatives

This means that the characteristics o f o ne gro up member can be predicted  o n the basis o f

the characteristics o f ano ther

Page 36 of 46
For more help visit our website www.exampaperspractice.co.uk



Example of Reclassi�cation

Reclassi�cat ion of  t he �gwort  f amily

The �gwo rt  (pro no unced '�gwurt') f amily, also  kno wn as the Scro phulariaceae, was at o ne po int

the 8th largest family in the angio sperm phylum

When the gro up was o riginally classi�ed in the late 1700s it co ntained 16 genera, which later

expanded to  275 genera

The classi�catio n o f the �gwo rts was based o n o bservable traits  such as a tube-shaped

�o wer structure

Examples o f members o f the o riginal �gwo rt family include fo xglo ves and yello w rattle

When DNA sequence analysis  began, plant scientists disco vered that the shared features o f the

�gwo rt family were in fact analo go us  and no t evidence o f shared ancestry

Three chlo ro plast genes  were analysed

It was disco vered that the o riginal �gwo rt family was no t a true clade

The �gwo rts were fo und to  co ntain several separate plant f amilies

New f amilies  were created

Several genera were mo ved into  o ther existing f amilies

The remaining genera were gro uped to gether with two  previo usly missed genera to  fo rm

the new �gwo rt f amily, still kno wn as the Scro phulariaceae

The new �gwo rt family is less than half  its o riginal siz e and is o nly the 36th largest in the

angio sperms, where it had previo usly been 8th
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DNA sequencing data led to the reclassi�cation of many species within the original �gwort family

NOS: Falsi�cat ion of  t heories wit h one t heory being superseded by anot her; plant
f amilies have been reclassi�ed as a result  of  evidence f rom cladist ics

A theo ry  is an explanatio n o f  o bserved pheno mena that is suppo rted by evidence

This means that when new evidence  is fo und that no  lo nger suppo rts the theo ry, it needs to  be

changed  to  take the new evidence into  acco unt

Reclassi�catio n o f o rganisms o n the basis o f DNA sequencing data is a go o d example o f this

Scientists theo rise  that a gro up o f plants sho uld be classi�ed to gether o n the basis o f

existing evidence; histo rically this wo uld have been the evidence o f  o bservable traits  such

as �o wer shape

New evidence f ro m DNA sequence analysis  sho ws that existing plant gro ups are no t true

clades, and so  are no t descendants o f a co mmo n ancesto r

The histo rical classi�catio n theo ry has theref o re been f alsi�ed  and needs to  be changed

to  take the new evidence into  acco unt

New evidence  fro m DNA and co mputer analysis  is used to  calculate the mo st likely plant

evo lutio nary relatio nships, and this evidence  is used to  fo rm a new theo ry  regarding the

classi�catio n o f plants

Analysis o f new DNA data co ntinues all the time, and if evidence  is fo und that do esn't �t with

current classi�catio n theo ries then mo re f alsi�catio n and reclassi�catio n will take place
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5.2.7 Skills: Classi�cation & Cladistics

Dichotomous Keys

Fo r anyo ne who  do esn't specialise in studying a particular gro up o f o rganisms, it can be very

di�cult to  identif y, o r ID, a species  when wo rking in the �eld

Co rrectly identifying species may be impo rtant fo r a researcher studying bio diversity o r

lo o king at the impacts o f a changing enviro nment o n a co mmunity o f o rganisms

So meo ne seeking to  identify species with which they are no t already familiar may use a to o l

kno wn as a dicho to mo us key

A dicho to mo us key co ntains a series o f paired statements 

The term 'dicho to mo us' refers to  these pairs o f statements

An example o f such a pair o f statements might read:

The o rganism sho ws radial symmetry

The o rganism sho ws bilateral symmetry

Or:

The o rganism has o ne pair o f wings

The o rganism has two  pairs o f wings

To  wo rk thro ugh a dicho to mo us key, yo u start with the �rst pair o f statements and apply them to

the unkno wn species; o ne statement will be clearly f alse, while the o ther will be a co rrect

descriptio n o f the species

The co rrect statement leads to  ano ther pair o f  statements, and so  o n until the �nal co rrect

statement leads to  the name o f the species
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Worked example

Use the dicho to mo us key pro vided to  identify the type o f o rganism belo w

The o rganism has an exo skeleto n, a segmented bo dy, and 4 pairs o f legs. It has no  tail and canno t

pro duce silk
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Step 1: Decide which o f  the �rst pair o f  statements applies 

The o rganism has an exo skeleto n, so  we can igno re the �rst statement in pair 1 and mo ve o nto  the

third pair o f statements as instructed in the key

Step 2: Decide which o f  the third pair o f  statements applies 

The o rganism has 4 pairs o f legs, so  we mo ve o n to  the fo urth pair o f statements as instructed

Step 3: Decide which o f  the f o urth pair o f  statements applies

The o rganism has no  tail, so  we kno w that it is no t a sco rpio n, and we mo ve o nto  the sixth pair o f

statements as instructed

Step 4 : Decide which o f  the sixth pair o f  statements applies

The o rganism canno t pro duce silk, so  it must be a species o f mite

Const ruct ing a dichot omous key
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When co nstructing a key, the fo llo wing sho uld be co nsidered

Each pair o f statements sho uld co ntain features that are clearly identi�able  and no t subject

to  o pinio n e.g. the o rganism has 3 pairs o f legs, rather than e.g. the o rganism is small

A leg co unt gives an o bjective number, but siz e is relative and depends o n what the

species is being co mpared to

Statements must be 'yes' o r 'no ' in style

Each pair o f statements sho uld divide the o rganisms being identi�ed into  two  distinct

gro ups

Each subsequent pair o f statements sho uld divide the o rganisms into  smaller and smaller

gro ups

Each statement sho uld be fo llo wed by either a number to  co ntinue the pro cess o f narro wing

do wn the o ptio ns, o r sho uld name the o rganism to  which it applies

Dichotomous keys can also be represented using a branched diagram as shown here.  This visual

representation can be easier to understand, but it is limited in the number of organisms it can include
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Exam T ip

Get so me practice at using a dicho to mo us key by identifying the remaining o rganisms featured

in the key, all o f which are described belo w. No te: they are all quite easily reco gnisable animals so

yo u sho uld be able to  tell whether yo u have used the key co rrectly o r no t.

�. The o rganism has an exo skeleto n, a segmented bo dy, and 4 pairs o f legs. It has a tail with a

sting

�. The o rganism has an exo skeleto n, a segmented bo dy, and 3 pairs o f legs. Its bo dy is unifo rm

in co lo ur

�. The o rganism has an exo skeleto n, a segmented bo dy, and 3 pairs o f legs. It's bo dy is striped

black and yello w

�. The o rganism is so ft bo died with a muscular fo o t and a hard shell

�. The o rganism has an exo skeleto n, a segmented bo dy, and 4 pairs o f legs. It has no  tail but can

pro duce silk �bres fro m a specialised o rgan o n its abdo men

�. The o rganism is so ft bo died with a muscular fo o t and no  hard shell
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Analysis of Cladograms

Evo lutio nary relatio nships  between species can be represented visually using a diagram called

a clado gram

Clado grams are evo lutio nary trees  that sho w pro bable o rder o f  divergence f ro m ancestral

species  and therefo re pro bable relatio nships between species

Analysis o f a clado gram can pro vide several pieces o f info rmatio n

The po int at which two  branches separate is kno wn as a no de, and represents co mmo n

ancesto r species

A no de immediately adjacent  to  a pair o f clades indicates that these two  clades share a

recent co mmo n ancesto r

This sho ws that the two  clades are mo re clo sely related to  each o ther than they are to

any o ther clade  in the clado gram

If several no des need to  be traced back befo re two  clades can be jo ined, this indicates

a mo re distant relatio nship  between two  clades

Clado grams so metimes sho w numbers  alo ng the branches; these indicate the number o f

base o r amino  acid changes  that have o ccurred between o ne no de and the next o r between

a no de and an emerging clade o r species

The co nstant rate at which mutatio ns accumulate means that these numbers can be used

as a mo lecular clo ck to  calculate ho w much time has passed

So me clado grams have a time scale  to  sho w ho w many millio ns have years have passed

Co mputers  use the info rmatio n fro m sequence data to  build the mo st likely clado gram

This is do ne using the principle o f parsimo ny  which states that the simplest explanatio n is

preferred

The co mputer builds the sho rtest po ssible clado gram with the smallest number o f

divergence events  to  �t the available data

Clado grams pro vide the mo st likely estimate  o f the evo lutio nary pro gress o f o rganisms

The reliability o f  a clado gram may vary  depending o n the amo unt o f  sequence data used

to  co nstruct it

A clado gram based o n the sequencing o f o ne gene will be less reliable than a clado gram

based o n the sequencing o f several genes

Clado grams are subject to  change  when new sequence data beco mes available
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A cladogram with notes to indicate some of the conclusions that can be drawn from it.  Note that this

cladogram contains no numbers or time scale, so it does not show the number of base or amino acid

changes that have occurred between one node and the next, or how much time has passed between

nodes.
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