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Taxonomy
Learning outcomes
Students should be able to:
•	demonstrate knowledge and understanding of
the principle of taxonomy;
•	demonstrate knowledge and understanding of
the concept of a species as a group of individuals
of common ancestry that closely resemble each
other and are normally capable of interbreeding
to produce fertile offspring;
•	demonstrate knowledge and understanding of the
other taxa within which species can be grouped;
•	demonstrate knowledge and understanding of
phylogenetic taxonomy as a way to classify
sets of species according to ancestral
relationships including establishing relationships
between organisms according to a number of
measurable features;

•	demonstrate knowledge and understanding of
the five kingdom system of classification;
•	demonstrate an awareness of other systems of
classification, for example the archaea as a separate
domain (super-kingdom), distinct from both the
prokaryote domain and eukaryote domain;
•	demonstrate knowledge and understanding of
the features of prokaryotae;
•	demonstrate knowledge and understanding of
the features of protoctista;
•	demonstrate knowledge and understanding of
the features of fungi;
•	demonstrate knowledge and understanding of
the features of plantae;
•	demonstrate knowledge and understanding of
the features of animalia;
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Classification and Taxonomy
Taxonomy is the science of naming, describing
and classifying organisms. The use of taxonomy is
as old as the development of language. Aristotle
(384–322 BC) was one of the first to attempt to
classify all living things and some of his groups are
still used today; for example the vertebrates and
invertebrates, which he called animals with blood
and without blood. He further classified the animals
without blood (invertebrates) such as insects,
crustacea and testacea (molluscs).
Taxonomy has two main areas:
•	Nomenclature – the scientific naming of
organisms using the binominal system
•	Systematics – placing organisms into groups
based on their similarities and differences.

organisms in Latin or Greek to allow a globally
recognisable system of nomenclature. Both names
are printed in italics with the genus name started
with a capital letter and the species name beginning
with a lower case letter. In text where a species
name is used more than once, the generic name can
be shortened to the first letter, for example Homo
sapiens can be written as H. sapiens.
In systematics, species are organised into
hierarchical groups of increasing size. The arranging
of organisms into taxonomic groups is referred to as
‘classification.’
Each group is called a taxon (plural taxa). These
groups given in decreasing size are:
• Kingdom – the largest most inclusive group,
•	Phylum – organisms constructed in a similar
plan, (Note plants are classified into divisions
rather that phyla.)
• Class – a grouping of orders within a phylum,
• Order – a group of related families,
• Family – a group of related genera,
• Genus – a group of similar and related species,
•	Species – a group of individuals of common
ancestry that closely resemble each other, and
are normally capable of interbreeding to produce
fertile offspring.
Most classification systems take account of the
ancestral relationships between living things;
known as ‘phylogenic classification.’ However
several classification systems exist world wide, all
with different approaches to ordering organisms
in the natural world. Early classification systems
placed organisms in taxa, based mainly on
morphological features, but as science has
advanced there is now more information available
to define a species.

Carl Linnaeus (1707-1778)

The starting point of modern botanical and
zoological taxonomy nomenclature is attributed to
the work of Carl Linnaeus (1707 – 1778), a Swedish
physician. His system of classification, named the
Systema Naturae is a binominal system giving
each organism two names. The first generic name
indicates the genus to which the species belong,
the second the specific name. Linnaeus named

Before defining a species in the present day,
taxonomists will look at:
• morphology – external features
• anatomy – internal features
• cell structure – prokaryotic or eukaryotic
• biochemistry - DNA, RNA and protein.
Note: Organisms with a high degree of similarity in
DNA, RNA and protein sequences are more closely
related than those with dissimilar sequences.
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Understanding Phylogenic Trees
Understanding a phylogeny is like reading a family tree. The root of the tree represents the ancestral
lineage and the tips of the branches represent the descendants of that ancestor. As you move from
the root to the tips, you are moving forward in time.

When a lineage splits (speciation), it is represented as branching on a phylogeny. When a
speciation event occurs, a single ancestral lineage gives rise to two or more daughter lineages.

Phylogenies trace patterns of shared ancestry between lineages. Each lineage has a part of its
history that is unique to it alone and parts that are shared with other lineages.

Similarly, each lineage has ancestors that are unique to that lineage and ancestors that are shared
with other lineages.

Images: University of California Museum of Paleontology’s Understanding Evolution (http://evolution.berkeley.edu)
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Five Kingdom Model of Classification
Up until the last 60 – 70 years scientists had only
identified two kingdoms; Plants and Animals.
However as taxonomy advanced there is now
recognition of a model containing five kingdoms
that is generally accepted by the majority of the
scientific population. The diagram shows those
five kingdoms.

Fungi

Of the five Kingdoms, Animalia, Plantae, Protoctista
and Fungi are all eukaryotic organisms and Bacteria
are prokaryotic organisms.

Animalia

Bacteria

Protoctista

Plantae

Kingdom Prokaryotes – including
bacteria and cyanobacteria
Defining Features
• No membrane bound organelles
• Naked Circular DNA
• 70S Ribosomes
• Plasmids
• Cell Wall
• May possess a layer of slime
• Unicellular – may form chains or clusters
• Heterotrophic or autotrophic
• Reproduce by binary fission

Blue-Green Alga Aphanothece stagnina

SEM of E. coli

Taken from Biology for CCEA AS level page 47
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Kingdom Protoctista – including
algae, multicellular seaweeds,
protozoans and slime moulds
Defining Features
• Eukaryotic (membrane bound organelles)
• Includes all; nucleated algae, protozoans and
slime moulds grouped on the basis of their
simple level of organisation
• Mainly unicellular
• Some multicellular, for example seaweeds (but
these have limited differentiation into tissues)
• Cellulose cell wall
• Some are heterotrophic, for example Paramecium
• Others are autotrophic, for example Pleurococcus
• Reproduction can be sexual or asexual

Paramecium and Chilomonas

Chlamydomonas sp. algae

Pleurococcus

Kingdom Fungi – including moulds,
mildews, yeasts and mushrooms

Taken from Biology for CCEA AS level page 46

Defining Features
• Eukaryotic (membrane bound organelles)
• Multinucleate
•	Structure usually a mycelium made up of
filamentous hyphae
• Multicellular
• Chitinous cell wall
• No chlorophyll
• Heterotrophic/lysotrophic (decomposers)
• Feed by extracellular digestion (saprophytic)
• Reproduce using spores

Penicillin fungus

Bracket fungus

Bread mould
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Kingdom Plantae – including
ferns, mosses, liverworts,
angiosperms (flowering plants)
and conifers
Defining Features
• Eukaryotic (membrane bound organelles)
• Multicellular
• Differentiated tissues
• Cellulose cell wall
• Chloroplasts containing chlorophyll
• Autotrophic – by photosynthesis

Fern

Scots pine (Pinus sylvestris) in flower

Blackthorn (Prunus spinosa) in flower

Sphagnum

Liverwort, Marcanthia polymorpha
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Kingdom Animalia – including
vertebrates and invertebrates
Defining Features
• Eukaryotic (membrane bound organelles)
• Multicellular
• Differentiated tissues
• No cell wall
• Heterotrophs
• Capable of locomotion
Red mullet

Black slug

Mauve stinger jellyfish

Tick

Flatworm

Albino Argentine Horned Frog

Mallard drake

Parson’s chameleon

The Three Domain Model
It is important to note that some of the most
recent attempts at classifying living things have
resulted in a new classification model. Carl Woese,
an American microbiologist and biophysicist,
introduced a system in 1990 that classified living
things under three domains (super kingdoms).
His system allowed him to classify all living
things as Prokaryotes, Eukaryotes or Archaea.
Archaea were previously classified as an unusual
group of bacteria. However, when further studies

of Archaea showed they had an independent
evolutionary history and numerous differences in
their biochemistry, scientists were no longer happy
to group them with the prokaryotes. Instead they
developed the ‘three domain model’ which groups
organisms into three unique domains, all with rRNA
that is unique to them. The three domain model
recognises Eukaryotes, Prokaryotes and Archaea as
three separate groups of living things.
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