
key kNOWledGe

This chapter is designed to enable students to:
■ become aware of biodiversity on Earth and the use of computer technology

to record it
■ recognise the value of identifi cation and scientifi c naming of organisms
■ develop knowledge of the principles of classifi cation and the hierarchy of

levels up to phylum
■ gain understanding of how classifi cation of all living organisms into kingdoms

and then into domains occurred.

fiGuRe 7.1 The living world 
of planet Earth contains 
millions of different kinds of 
organisms, microscopic and 
macroscopic. For example, 
for butterfl ies alone, there 
are about 17  500 different 
kinds or species. The science 
of taxonomy is concerned 
with the organisation of this 
biodiversity. In this chapter, 
we will explore how organisms 
are identifi ed, classifi ed 
and named as part of the 
organisation of this remarkable 
diversity. 
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NATuRE of biology 1280

What’s in the tree tops?
If you could sample the various insects and spiders that live in a particular 
kind of eucalyptus tree, how many diff erent kinds might you expect to fi nd? 
Maybe ten? Possibly fi fty? Perhaps, even one hundred? 

Perth biologists Harry Recher and Jonathan Majer set out to answer that 
question by collecting and identifying the diff erent kinds of invertebrates, 
mainly insects and spiders, that live on the leaves of specifi c kinds of eucalypt. 
Th ey spent 2 years collecting insects and spiders from four selected kinds of 
tree — grey box (Eucalytpus mollucana) and narrow-leaved ironbark (E. crebra) 
growing at a site in New South Wales, and jarrah (E. marginata) and marri 
(E. calophylla) growing at a study site in Western Australia. Figure 7.2 shows 
how, over a 1-year period, biologists made the collections at each site. Using 
this procedure, the biologists collected large numbers of insects and spiders, 
but how many diff erent kinds were there? How diverse are the populations of 
insects and spiders that live in these diff erent kinds of eucalypt? 

fiGuRe 7.2 Sampling life 
in the treetops. After setting 
up the collecting traps, the 
biologists sprayed the tree 
with an insecticide of short-
term effect. Would you expect 
this technique to be used 
to sample insects that lived 
under the bark? 

We need to distinguish between the concepts of ‘number’ and ‘diversity’. 
‘Number’ refers to the total count of objects regardless of any diff erences 
between them. ‘Diversity’ refers to the number of diff erent kinds of object. 
So, consider two parking lots: lot A has 100 parking places, occupied by 
50 Fords and 50 Holdens; lot B has 50 parking places occupied by 12 Fords, 
10 Daihatsus, 10 Mazdas, 8 Holdens, 7 Hondas and 3 Hyundais. In terms of 
cars, which lot has the greater number of cars? Lot A. Th e greater diversity of 
cars? Lot B. 

Th e two biologists classifi ed and identifi ed the insects and spiders they had 
collected. What they found greatly surprised them. From the upper leafy can-
opies of just four diff erent kinds of eucalypt growing in two areas, the biol-
ogists collected about 1600 diff erent kinds of insect and spider — a remarkable 
diversity of living things. For the New South Wales trees, about half of the dif-
ferent kinds of insect and spider were found on both the grey box and the 
narrow-leaved ironbark and half were found on one or the other kind of tree 
only. A similar pattern was found with the Western Australian trees. All four 
kinds of tree showed a seasonal variation in the kinds of insect and spider 
present. Figure 7.3 shows the total number of diff erent kinds of insect and 
spider found on the upper leaves of two kinds of eucalypt. 
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281CHAPTER 7 Biodiversity and its organisation

Th is study showed that eucalypt trees support a very diverse population of 
invertebrates, greater than was previously recognised. Th is biological diversity 
is even greater when it is realised that the collecting technique caught only 
insects and spiders that lived on the upper leafy canopy of the trees. Some 
invertebrates would not have featured in the sampling, such as those living on 
and under the bark, on lower branches, in leaves and in the roots. Knowing that 
their collection was incomplete, the biologists estimated that the east coast 
eucalypts may be home to a total of at least 1000 diff erent kinds of insect and 
spider and that the west coast eucalypts supported about 750 diff erent kinds. 

From their study of just two kinds of eucalypt, the biologists were able to 
estimate the number of diff erent kinds of spider and insect that might live on 
the 700 diff erent kinds of eucalypt in Australia. Th eir estimate is that euca-
lypt forests Australia-wide may be home to perhaps 250  000 diff erent kinds of 
insect and spider. Th is study highlighted one aspect of the biological diversity 
of Australia — the invertebrates of Australia’s eucalypt forests. 

biodiversity: the variety of life
Biodiversity is the variety of all living organisms on planet Earth — it includes 
the diff erent animals, plants, fungi, protists and microbes (bacteria and 
archaea), the genetic information that they contain, and the ecosystems of 
which they form a part. Th is biodiversity is essentially linked to the physical 
settings in which organisms live and with which they interact.

Biodiversity may be identifi ed at three levels: species diversity, genetic diver-
sity and ecosystem diversity (see fi gure 7.4). 
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Environments
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fiGuRe 7.4 Diagram showing the elements of biodiversity

1. Species diversity refers to the variety of diff erent kinds of organism living in 
a particular habitat or region. For example, the biologists from Perth looked 
at the species diversity of invertebrates in Australia’s eucalypt forests. Other 
examples would be the diversity of plant species of the Gibson Desert, or 
the species diversity of Australian marsupial mammals. Figure 7.5 shows a 
tiny sample of the Earth‘s biodiversity. Most commonly when people talk 
about ‘biodiversity’ they are thinking about biodiversity in the context of 
species diversity.
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Spiders (Araneae)
Mites (Acarina)
Sucking bugs (Hemiptera)
Thrips (Thysanoptera)
Booklice (Psocoptera)
Beetles (Coleoptera)
Flies (Diptera)
Other arthropods

fiGuRe 7.3 Different kinds of 
invertebrate found on two kinds 
of eucalypt. The invertebrates are 
organised into eight broad groups: 
spiders, mites, bugs, thrips, 
booklice, beetles, fl ies and others.
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2. Genetic diversity refers to the variety of genes or the number of diff erent 
inherited characteristics present in a species. Diff erent populations of the 
same species may have diff erent levels of genetic diversity. Populations with 
a high level of genetic diversity are more likely to have some individuals that 
can survive and reproduce when environmental conditions change. 

3. Ecosystem diversity refers to the variety of physical environments in which 
organisms live and with which they interact. Th e ecosystems of this planet 
range from biologically rich ecosystems, such as coral reefs and rainforests, 
to biologically sparse ecosystems, such as the Antarctic landmass and rocky 
deserts, and they vary in geographic location from the hydrothermal vents 
of the ocean depths, to the Movile Caves of Romania, to the alpine grass-
lands on high mountains. 

A defi nition of biodiversity from the International Convention on Biological 
Diversity is: 

Th e variability among living organisms from all sources including, inter alia, 
terrestrial, marine, and other aquatic ecosystems and the ecological com-
plexes of which they are part; this includes diversity within species, between 
species and of ecosystems 

Source: www.cbd.int/convention/articles/default.shtml?a=cbd-02.

biodiversity: changes over time
Th e various kinds of organism living on Earth today are just a sample of the bio-
diversity that has existed on Earth over time. Consider an area of Australia that 
today is covered in grasses, dotted with eucalyptus trees and fl owering shrubs, 
and populated by animals and birds such as kangaroos, wombats and parrots. 
150 million years ago that area was occupied by diff erent kinds of organism. At 
that time, there were no grasses, no eucalypts, no fl owering shrubs, no kangaroos, 
wombats or parrots. Instead, plant-eating and carnivorous dinosaurs, strange 
fl ying reptiles and plants, mostly unfamiliar to us, may have lived there. 

Over geological time, there have been remarkable changes in Earth’s bio-
diversity. Th e seas of 450 million years ago had no fi sh and were dominated by 
nautiloids, trilobites and crinoids (see fi gure 7.6a), but today fi sh dominate the 
seas (see fi gure 7.6b). 

fiGuRe 7.5 A tiny fraction 
of the species biodiversity on 
Earth today. How many different 
kinds of organism can you 
count?

fiGuRe 7.6 Changes in biodiversity over time (a) 450 million years ago, the seas had no fi sh but were dominated by 
animals, such as nautiloids, crinids and trilobites. (b) Dominant animals of present day seas are fi shes.

(a) (b)
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283CHAPTER 7 Biodiversity and its organisation

identifying the diversity of life
What is it? It looks like a chestnut. Chestnuts are the glossy brown edible nuts 
of trees of the genus Castanea, and they are commonly roasted and eaten in 
Europe. Mis-identifi cation can result in problems. 

It is August 1770 and some British sailors pass the time on the banks of the 
Endeavour River in northern Queensland. Th ey are part of the crew of the 
Endeavour voyage of James Cook and their ship has been badly damaged on a 
coral reef. It is now beached while repairs are made. Th e sailors are in a strange 
land where the plants and animals are unfamiliar to their eyes. Th ey notice 
many palm-like plants growing nearby (see fi gure 7.7a), some of which have 
large brownish seeds described as ‘nutts about the size of a large chestnut 
and rounder’ (from the Endeavour Journal of Joseph Banks, vol. 2, p. 115) (see 
fi gure 7.7b). Th inking that the seeds are edible, some sailors eat them. A few 
hours later, these men are suff ering from painful stomach cramps and are vom-
iting explosively. Th e ship’s captain later writes in his journal that the sailors 
had thought the seeds to be edible and:

.  .  .  those who made the experiment paid dear for their knowledge of the 
contrary, for they [the seeds] operated as an emetic and cathartic with great 
violence  .  .  .  

Source: Hawksworth, 1785, An Account of the Voyages for Making Discoveries in the 
Southern Hemisphere, Vol. IV, 3rd ed., London, p. 195.

fiGuRe 7.7 (a) Palm-like plant and (b) the seeds of the kind eaten by Cook’s 
sailors. They are not palms but are members of a more ancient group of plants. 
This particular kind is common along the warm temperate and tropical regions of 
the east coast of Australia. (c) Map showing the location in Queensland where 
the Endeavour was beached in 1770

(a) (b) (c)

Th e plants involved in the poisoning of the British sailors were unknown to 
them. While these plants are palm-like, they are not palms. Th ey belong to a 
group known as cycads (pronounced ‘sigh-cads’) that occur naturally in trop-
ical and warm temperate regions. Modern cycads are the living survivors of 
a very ancient group of plants that existed before the dinosaurs and the fl ow-
ering plants evolved. Worldwide, nearly 300 diff erent kinds of cycad have been 
identifi ed and all produce toxic compounds. Eating fresh cycad seeds pro-
duces severe gastroenteritis and, if suffi  cient seeds are eaten, death can result. 
In fact, pigs were taken on board the Endeavour in Tahiti as a source of fresh 
meat and, when they were fed cycad seeds, several of them died.

identifi cation is important
Th e eff ects of the cycad seeds on British sailors in 1770 are a reminder that 
accurate identifi cation is important. Did the cycad seeds look a bit like chest-
nuts? Yes, but this was not what they were.

Odd fact

Starch-rich cycad seeds were 
an important part of the diet 
of Aboriginal people in some 
regions of Australia. Prior 
to eating them, Aboriginal 
people used techniques such 
as roasting the seeds and 
then soaking the kernels for 
many days to wash out the 
poisons.
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NATuRE of biology 1284

Th e native vegetation of Australia consists of many 
diff erent kinds of plant. Nearly 20  000 diff erent 
vascular plants (e.g. fl owering plants, cone-bearing 
plants and ferns) have been identifi ed in Australia. 
Many of these plants have edible parts, such as roots, 
seeds, fruits and leaves; only a relatively small number 
of native plants are poisonous (see fi gure 7.8).

Knowing the diff erence between poisonous and 
harmless plants is critical. Th is was particularly impor-
tant for the early European settlers in Australia who 
farmed sheep and cattle in pastures where the veg-
etation was unfamiliar. Th eir stock sickened and often 
died after eating poisonous native vegetation; for 
example, cattle sometimes developed an incurable con-
dition known as ‘staggers’ that usually led to death. It 
was later found that this condition occurred when cattle 
ate the leaves and other parts of cycads.

As well as cycads, many other plants can be the 
source of poisoning of cattle and sheep. In Western 
Australia, for example, a group occurs of 43 closely 
related shrubs with pea fl owers. Of these shrubs, 
27 are poisonous and have toxic fl owers, seeds and 
leaves. (Th ese shrubs are commonly known by names 
such as crinkle-leaf poison, narrow-leaf poison and 
wallfl ower poison.) Over time, farmers learned to 

identify poisonous plants and distinguish them from closely related non-
toxic plants that could provide good grazing for their herds and fl ocks. Iden-
tifi cation matters!

Th e native animal life of Australia consists of many diff erent kinds. About 
140 diff erent kinds of marsupial mammal (e.g. kangaroos and wallabies), 
more than 800 diff erent kinds of bird and about 900 diff erent reptiles (e.g. 
snakes and lizards) have been identifi ed. Most of these occur nowhere else 
in the world. Among the reptiles are about 140 diff erent kinds of land snake 
that include nonvenomous blind snakes, pythons that constrict their prey and 
elapid snakes, such as taipans and tiger snakes, whose venom acts on the ner-
vous systems of their prey. Knowing the diff erence between deadly and harm-
less snakes is critical. Identifi cation matters!

It is important that living organisms can be accurately identifi ed for many 
reasons, including:
•	 personal safety — to distinguish harmless from harmful organisms (see 

fi gure 7.9)
•	 quarantine — to recognise animals or plants and their products that are 

banned imports; for example, imported cargo unloaded from planes and 
ships can have unwanted ‘living passengers’

•	 medicine — to identify particular kinds of infectious bacteria or fungi so that 
eff ective drug treatment can be prescribed

•	 conservation — to recognise endangered kinds of plants and animals so that 
their habitats can be preserved

•	 forensics — to identify plant or animal material that may be used in the 
identifi cation and conviction of a lawbreaker. For example, palynology is 
the study and identifi cation of pollen. Pollen grains from diff erent kinds of 
plant have distinctive shapes so that pollen found on a person’s clothes can 
indicate where that person has been. Evidence of this type can link a person 
to the site of a crime.

•	 agriculture and horticulture — to identify pests of crops so that eff ective 
control measures can be introduced.

fiGuRe 7.8 Australian native plants include both edible 
and poisonous plants. Not many plants are poisonous 
but, if eaten, those that are can have serious or even 
fatal effects on people and farm animals. The attractive 
plant with red pea fl owers in this photo is commonly 
called crinkle-leaf poison. What does this suggest 
about this plant?

Odd fact

The poisonous agent in the 
toxic Western Australian 
pea-fl owered shrubs is 
mono-fl uoro-acetate, more 
commonly known as 1080 
(ten-eighty). While 1080 is 
toxic to introduced animals 
such as cattle and sheep, it is 
not toxic to native mammals 
of the region where these 
plants naturally occur.
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285CHAPTER 7 Biodiversity and its organisation

What’s needed for identifi cation?
It is not always necessary to have an entire 
organism in order to identify it. Identifi cation 
can be based on a study of:
•	 a whole specimen (actual or recorded as an 

image or as a verbal description)
•	 part of a specimen and macroscopic fragments
•	 microscopic fragments
•	 genetic material
•	 indirect evidence.

In each case, identifi cation will depend on 
precise observations of the available material. 
Th e next step may be:
•	 recognition of a particular set of features in 

the unknown organism that allow it to be 
identifi ed as identical to or closely related to 
a known species

•	 careful comparison of a key feature of the 
unknown organism with a database of rel-
evant material from known specimens until a 
match is made: ‘It looks like this one!’

•	 examination of the genetic material (DNA) to 
see if it is a match to specifi c DNA sequences 
in a known species.

Whole specimens
Identifi cation can be based on a whole 
specimen that is living, preserved, fossilised or 
recorded as an image. Artists were key members 
of the scientifi c parties who came to Australia 
in the 1700s and 1800s, and they drew images 
of the plants and animals of the southern 
continent, such as that shown in fi gure 7.10.

fiGuRe 7.10 Drawing of King 
Island emus (Dromaius ater) 
made by the French artist 
Charles Le Sueur who was on a 
French expedition to Australia 
between 1801 and 1804. This 
species is now extinct.

fiGuRe 7.9 These fungi are just a few of the species found in 
Australia. Are any of these fungi edible? Accurate identifi cation 
is important in order to avoid poisonous species.
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NATuRE of biology 1286

Photographs and electronic images can record features of organisms that 
assist in their identifi cation, and verbal descriptions are useful. Th e following 
description was written in Sydney in 1808. Can you identify the organism?

It is commonly about two feet [61 cm] long and one [30 cm] high; in girth 
about one foot and a half [45 cm]; it is covered with fi ne soft fur, lead coloured 
on the back, and white on the belly. Th e ears are short, erect and pointed  .  .  .  it 
bears no small resemblance to the bear in the fore part of its body; it has no 
tail; its posture for the most part is sitting.

Bits and pieces: macroscopic and microscopic
Identifi cation may depend on a view of part of a specimen such as the tail fl ukes 
of a whale (see fi gure 7.11).

In other cases, macroscopic fragments of a specimen may be available, such 
as feathers, hairs, teeth, bones, shells, leaves, fl owers or fruits. Th is type of mat-
erial can be used to identify an organism, often to the level of species.

fiGuRe 7.11 Distinctive tails of three whale species (left to right): right, sperm and humpback whales. As well as recognising 
different species, particular nicks and marks on the outer edge of the tail fl ukes are suffi ciently distinctive and permanent to 
allow individual whales to be identifi ed.

Identifi cation sometimes relies on specimens that must be examined at 
a microscopic level. Because plant cell walls are resistant to chemical break-
down, plant cells may be identifi ed after passage through the digestive tract of 
an animal. Th is means that fragments of material taken from an animal’s gut 
may be suffi  cient to identify the plants that it eats.

Microscopic examination of plant material, either living or fossilised, can 
reveal distinctive features, such as cell wall patterns, leaf vein patterns, pollen 
grain appearance and seed shape. Th ese provide valuable clues to the identifi -
cation of the plants. Databases of diagnostic features of many plant genera and 
species are available. Features of an unknown species can be compared with 
features of known specimens on the database until a match is made. Bingo! 
Th e unknown plant material is identifi ed. Even burnt wood (charcoal) can be 
identifi ed.

Animal cells are, in general, less hardy than plant cells but parts of some 
animals, such as hair, are resistant to chemical breakdown. Hair and fur from 
diff erent mammals are distinctive. Th e shape of hairs in cross-section and 
the arrangement of scales on the outer surface of a hair fi bre may be used to 
identify the species from which the sample came (see fi gure 7.12). In addition, 
hairs in the faeces (scats) produced by predatory mammals, such as foxes, or 
in the pellets regurgitated by owls and raptors (eagles, falcons and hawks) can 
be examined to identify their mammalian prey.

Odd fact

If a bird is sucked into the 
air intake of a jet engine, 
little remains of it apart 
from feathers. It is possible, 
however, to identify a bird 
species from a single feather.
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Cross-section
through hairs

Pattern on
outer layer

(b)(a)

Medulla

Cortex

(c)

fiGuRe 7.12 (a) Structure 
of typical hair including 
a cross-section. Different 
patterns seen on outer 
layer of mid-point of hairs 
from two species: (b) the 
spotted-tailed quoll (Dasyurus 
maculatus) and (c) the eastern 
grey kangaroo (Macropus 
giganteus). What differences 
are apparent?

Hair traps are used to collect hairs from living native mammals in their natural 
environment. A hair trap typically consists of a tube or funnel with adhesive mat-
erial on the internal surface (see figure 7.13). A bait likely to attract most 
mammals is placed in the trap. Th is is a non-invasive sampling method and, of 
course, the trap does not capture the mammal, it just captures a sample of its hair 
as the mammal passes through the hair trap.

Genetic material
Increasingly, identifi cation to species level is 
based on molecular analysis of genetic mat-
erial, DNA (deoxyribonucleic acid). For identi-
fication, samples of genetic material are 
examined for the presence of known markers 
that are distinctive in particular species.

Genetic material for identifi cation can be 
isolated from hair follicles, blood stains, scats 
(see the box, p. 288) and from any cellular or 
tissue fragments.

Indirect evidence
Identification can be based on indirect 
evidence of an organism. In the case of 
mammals and birds, these might include 
tracks, burrows or nests, scratchings, scats and 
calls or songs. Figure 7.14 shows the distinctive 
tracks of two animals: the dingo (Canis famil-
iaris) and the koala (Phascolarctos cinereus).

fiGuRe 7.14 Impressions 
of front and rear foot of:
(a) a koala and (b) a single paw 
print a dingo

(a) (b)

fiGuRe 7.13 A Faunatech 
hair-tube trap set up in the 
litter layer of a forested area. 
A mammal can freely enter 
and leave the trap. What 
advantage does this technique 
of obtaining hair samples have 
over capturing a mammal and 
taking a hair sample from it? 
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It is claimed by some local residents that at night 
a catlike beast roams Bodmin Moor in Cornwall, 
England, and is the cause of strange deaths among 
cattle and sheep. Th e most recent investigations 
have involved study of the scats (faeces) that are 
supposed to have been left by the ‘beast’, which 
many locals assert is some sort of ‘big cat’, such as a 
leopard or puma. 

When faeces are produced, they carry, on their 
outer surface, cells dragged from the lining of the 
digestive tract. Th ese cells can be washed from 
the surface of the faeces and the DNA present in the 
cells can be separated out and examined. DNA from 
diff erent species can be distinguished and scats are 
thus a valuable source of cells from which DNA can 
be extracted and used for identifi cation. It is impor-
tant that care is taken to obtain cells only from the 
outside of the scat. 

Scats claimed to have been produced by the 
Bodmin Moor beast have been analysed. Th e fi rst 
sample was collected by a person who said he had 
seen the ‘beast’. Th e DNA from this sample was 
found to match that of both dog and sheep. Th is 
result was interpreted as being due to a dog defe-
cating on sheep droppings. Th e DNA from another 
sample collected at a diff erent time showed that it 
was from a domestic cat. 

To date, local rumours that the beast of Bodmin 
Moor is one of the ‘big cats’, remain unsubstantiated. 

In another instance, a scat was claimed to be that 
of the Abominable Snowman. When analysed, the 
DNA isolated from this scat showed that it was from 
a fox! Faeces can also be used to identify the number 
of individuals in a population. DNA can be distin-
guished not only from diff erent species, but also 
from diff erent individuals. In one American study, 
DNA obtained from faeces was used to estimate the 
number of coyotes in the population in a given area. 
DNA from such sources can also be used to identify 
the sex of individual members of the species.

scatty clues fOR ideNtificatiON

Tools to assist identifi cation
Many tools are available to assist in the identifi cation of unknown organisms. 
Th ey include: 
•	 fi eld guides
•	 keys
•	 reference collections
•	 databases.
Field guides
Field guides are commonly used for identifi cation purposes by bird 
watchers, bush walkers, and amateur naturalists. A fi eld guide typically 
contains pictorial and verbal descriptions of one or more particular kinds 

of organism from a nominated area, for example, 
Th e Mammals of Victoria or Ferns of Victoria and 
Tasmania or Common Australian Fungi. While fi eld 
guides are commonly available in print form (see 
fi gure 7.15), they are also available as DVDs and as 
apps for smart phones and tablets. 
Keys
A means of identifying specimens is through the use 
of keys. Keys involve making decisions about the pres-
ence (or absence) of certain features in the specimen 
to be identifi ed (see fi gure 7.16). When each decision 
involves choosing between just two alternatives, 
the key is called a dichotomous key (from Greek 
dichotomia = cutting into two).

fiGuRe 7.15 Field guides, 
both printed and in electronic 
form assist in identifi cation of 
organisms. Can you suggest 
a limitation of fi eld guides for 
identifi cation?
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The simple dichotomous key in fi gure 7.16 shows how seven molluses can 
be identifi ed using a dichotomous key. Each decision involves a choice 
between two easily recognised features. 

DECISION 1a Hard outer covering 
or shell over part or 
all of body.................... Go to 2

DECISION 4a Both valves
convex ................. mussel

or or
1b No hard outer 

covering ......................  Go to 5
4b One valve fl at, and

one convex .........  scallop

DECISION 2a Single shell................... Go to 3 DECISION 5a Tentacles or
‘arms’ present ............ Go to 6

or or
2b Shell comprises more 

than one valve............. Go to 4
5b No tentacles ........ slug

DECISION 3a Rounded shell with
circular opening ......... snail

DECISION 6a Eight ‘arms’
present ................ octopus

or or

3b Cylindrical shell with 
long opening...............   cone shell

6b Ten arms
present ................ squid

fiGuRe 7.16 A dichotomous 
key for identifying various 
groups within the phylum 
Mollusca. What feature is the 
basis for the fi rst decision? 
What is one limitation of a key?

Keys for identifi cation of various organisms can be accessed via the internet. 
Some examples are:
•	 Centipedes of Australia (www.ento.csiro.au/biology/centipedes/

centipedeKey.html) (see fi gure 7.17) is a dichotomous key that enables identi-
fi cation of centipedes to the family level and then to the level of order.

•	 Th e Discover Life (www.discoverlife.org) website has a key that enables 
identifi cation of any insect to the level of order.

•	 Th e Cycad Pages (http://plantnet.rbgsyd.nsw.gov.au/PlantNet/cycad) website 
has both a multi-entry key and a dichotomous key for identifi cation of cycads 
to the species level.

interactivity
Dichotomous keys
int-3033

fiGuRe 7.17 Screen displays from Centipedes of Australia, an identifi cation resource maintained by CSIRO Entomology 
(a) Introductory page (b) First page of the identifi cation key in which centipedes are distinguished by appearance

(a) (b)
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Reference collections 
Museums and herbaria (singular: herbarium) are institutions where 
reference collections of animal species and plant species, respectively, are 
held. If an unknown specimen of an animal or plant is to be identifi ed, this pro-
cess may involve comparison of the unknown specimen with reference speci-
mens held in museums (for animal species) or in herbaria (for plant species).

Reference collections are held in Australian museums and other insti-
tutions. Some important reference collections in Australia are:
•	 the fi sh collection at the Australian Museum in Sydney, which con-

tains almost 1 million specimens (see the Biologist at work about Mark 
McGrouther, p. 292)

•	 the native plant collection, which includes the world’s largest collection of 
eucalypts, at the Australian National Herbarium, which is maintained in 
Canberra by CSIRO Plant Industry

•	 the insect collection at the University of Queensland, which contains more 
than 1 million specimens of insects, in particular beetles, fl ies and bees, 
from across Australia, with a small number of foreign specimens. 
Reference collections are increasingly being digitised, enabling useable 

access via the internet. 
Databases 
Biological databases are large organised sets of information stored in com-
puters and accessible for various uses by groups such as research scientists, 
managers, students and the general public, with the information fl owing freely 
across national boundaries. 

Some examples of electronic databases are:
•	 FishBase (www.fi shbase.org) contains diverse biological information on 

33  000 fi sh species. Searches can be started using either the common name 
of a fi sh, such as clown anemonefi sh, or a scientifi c name, Amphiprion 
ocellaris (see fi gure 7.18).

fiGuRe 7.18 Search page 
for the FishBase database. A 
feature that makes it useful for 
students is the ability to search 
using the common name.
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•	 Th e World Register of Marine Species (WoRMS) (www.marinespecies.org)
database has entries for about 230  000 diff erent sea-dwelling species, 
including microbial species.

•	 Th e Australian Faunal Directory (www.environment.gov.au/biodiversity/
abrs/online-resources/fauna/afd/home) contains taxonomic and biological 
data on all animal species (more than 120  000 species/subspecies) known to 
occur within Australia.
Th e database that best captures the Earth’s biodiversity is the Catalogue of Life 

(www.catalogueofl ife.org) database. Th is is the most comprehensive database 
presently in existence. As at April 2015, the Catalogue of Life has about 1.6 million 
entries that provide the names and distributions of all the known species of ani-
mals, plants, fungi and microbes on Earth (see fi gure 7.19).

fiGuRe 7.19 The 2015 
Catalog of Life has almost 
1.6 million entries of different 
living organisms. Each year 
it publishes a checklist of 
species online and as a DVD. 
Note the growth in the number 
of recognised species.

level of identifi cation
Look at the organisms in fi gure 7.20a and b. Th e most precise level of identifi -
cation is to give each organism its binomial scientifi c name, thus identifying 
it to species level. Th is identifi cation would be ‘Organism 1 is the golden wattle 
(Acacia pycnantha) and organism 2 is the true clown anemonefi sh (Amphi-
prion percula)’. However, identifi cation can also be less precise and identify 
larger and more inclusive classifi cation levels. Look at fi gure 7.20c. Th e state-

ment ‘Th at is a banksia’ in fact identifi es this plant to the level 
of genus since this is the saw-leafed banksia (Banksia serrata). 
Statements such as ‘Th is is a fl owering plant’ or ‘Th at is a bony 
fi sh’ identify organisms very broadly to the level of class. 

fiGuRe 7.20 Can 
you identify these 
organisms?

(a)

(b)

(c)

Odd fact

Worldwide, so far, more than 
270  000 different species of 
fl owering plant have been 
identifi ed and more than 
30  000 bony fi sh.
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biOlOGist at WORk

Mark McGrouther — collection manager 
‘Mention the words “marine biologist” and most 
people think of diving in crystal clear waters on the 
Great Barrier Reef. My role as collection manager of 
the Fish Research Collection, 
which is kept by the Aus-
tralian Museum does involve 
some exciting fi eldwork, but 
there are also many duties 
that do not fi t the popular 
image of a marine biologist. 

‘Th e collection manager’s 
role is to manage and 
develop the fi sh collection 
of the Australian Museum. 
It is a fascinating job with 
roles as diverse as supplying 
fi shes for research, partici-
pating in fi eldwork, pre-
paring pages for posting on 
the internet and answering 
enquiries from the public 
about strange fi shes. 

‘Th e collection contains 
over a million specimens 
and serves many functions. 
One of the most impor-
tant is scientifi c research. 
Researchers who wish to 
study the anatomy, tax-
onomy, diet or reproductive 
biology of a type of fi sh can 
use specimens from the col-
lection. In this way, it is used 
like a library with specimens being loaned to ich-
thyologists world wide. Just about every fi sh you can 
imagine is stored in the collection, both marine and 
freshwater, from tiny fi sh eggs to great white sharks. 

‘So where do all these fi sh come from? Some are 
brought to the museum by the public, who fi nd them 
washed up on a beach, or caught on hook and line. 

Others are collected by professional fi shers or other 
research institutes, and many are collected by staff  
during fi eldwork. 

‘Fieldwork can vary from one day assessing the 
fauna of a local stream to a month or more away in 

remote locations assessing 
fish biodiversity. Staff have 
participated in expeditions 
to many countries including 
French Polynesia, Vanuatu, 
the Solomon Islands, Papua 
New Guinea and Madagascar. 

‘Th e collection needs to 
be large enough to provide 
adequate representation of 
each species, by covering 
variations in form, size, age, 
location, depth ranges and 
other variables. Of course, 
amassing a large collection 
and storing it is not an end 
in itself. Th e collection has 
to be utilised and well docu-
mented. Th e entire collec-
tion is recorded in computer 
databases. Th ese data are 
constantly being updated 
and made available to 
researchers. 

‘Considerable eff ort has 
gone into posting infor-
mation on the internet. 
Th e Australian Museum’s 
fi sh pages contain a host of 

information, which caters to the interests of scien-
tists and the public. It seems everyone has a passion 
for fi sh.’ 

Use the AustMus fi sh pages weblink in your 
eBookPLUS to fi nd out more about the Australian 
Museum’s fi sh collection. 

fiGuRe 7.21 Mark McGrouther

key ideas

 ■ Accurate identifi cation of different kinds of organism (species) is important 
for many purposes, including conservation, medicine and forensic 
investigation.

 ■ Identifi cation may be based on direct or indirect evidence of various kinds.
 ■ Identifi cation can be made from a variety of material ranging from whole 
organisms to microscopic fragments.

 ■ Identifi cation is enabled through the use of resources such as reference 
collections and keys.
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Quick check

1 Identify whether each of the following statements is true or false.
a Australia has more than 800 different kinds of bird.
b It is necessary to have an entire organism in order to identify it.
c Reference collections are held in institutions, such as museums and herbaria.
d Dichotomous keys identify any organism to the species level.

2 Give one example of why accurate identifi cation to species level is important.
3 List two different biological materials by which a species might be identifi ed.
4 List two purposes for using hair samples in identifi cation.

identifi cation involves naming
Human learning involves putting labels on classes of objects in the world around 
us. As toddlers, we begin to learn to classify objects in the world around us and 
to give a distinctive verbal label (for example, ‘dog’, ‘book’, ‘apple’, ‘chair’) to each 

class. Young toddlers can recognise a 
large, fawn great Dane, a small, black and 
white Jack Russell terrier, a golden lab-
rador and a black greyhound as having an 
essential ‘dogness’, in spite of diff erences 
in shape, size and colour. Toddlers know 
that cats are not dogs (see fi gure 7.22). 
Th rough labels or names, we can make 
sense of the world around us and can 
communicate our thoughts to others 
in a concise manner. When we name 
something, we are identifying some of its 
essential and distinguishing character-
istics. If something has the label of ‘bird’, 
you know that it has feathers, not fur. 

Two-part names and rules 
Putting labels or names on living organisms is an important area of biology. 
Each diff erent kind or species of living organism presently known has a two-
part (binomial) scientifi c name (see fi gure 7.23). You and every other person 
have the scientifi c name Homo sapiens, while your cat and every other dom-

estic cat is Felis catus. Th e cycad species that 
poisoned the British sailors in 1770 has the 
scientifi c name Cycas media (refer to fi gure 7.7, 
p. 283). 

The naming of various species occurs 
according to rules. Rules for the naming of 
new animal and new plant species appear in 
publications called the International Code of 
Zoological Nomenclature (ICZN) and the Inter-
national Code for Botanical Nomenclature 
(ICBN) respectively. But, what is a species? Th e 
box on pages 297–8 explains how species are 
diff erentiated. 

fiGuRe 7.22 Learning 
involves identifying classes of 
objects in the world around us 
with verbal labels.

Odd fact

On seeing lions, tigers, 
leopards or other big cats 
at the zoo, young children 
readily recognise their 
essential ‘catness’ by calling 
‘Puss, puss, puss’ to them.

Crassostrea
gigas

Octopus
aegina

Melicertus 
latisulcatus

fiGuRe 7.23 Each kind of organism has a unique 
scientifi c name. How many parts are in each name? 

UNCORRECTED P
AGE P

ROOFS



NATuRE of biology 1294

linnaeus’ binomial system 
Let us now look in more detail at the binomial system of naming species 
that was introduced by the Swedish biologist, Carl von Linné (1707–1778), 
also known by the Latinised form of his name, as Carolus Linnaeus. In 1758, 
Linnaeus (see fi gure 7.24) introduced a new and uniform way of naming 
diff erent kinds of organism by giving each species a two-part scientifi c name. 
Th is is the binomial system of naming (from the Latin binomius, meaning 
‘having two names’). Linnaeus’ important contribution to biology was to apply 
the use of binomial scientifi c names to all organisms in a systematic way. 

Th e fi rst part of a binomial scientifi c name is the generic name or the name 
of the genus to which the organism belongs; the generic name always begins 
with a capital letter. Th e second part always begins with a lowercase letter and 
identifi es the particular member that belongs to the genus. Th is second part 
is known as the specifi c name. Th is binomial scheme for naming species 
continues to be used by all biologists throughout the world today. 

Th e Linnean binomial system replaced a number of clumsy systems of 
naming organisms that had developed during medieval times. An early 
polynomial system gave organisms names that were descriptions. For 
example, the common buttercup was once known by the polynomial: Ranun-
culus calycibus retrofl exus, pedunculis fulcratus, caule erecto, foliis compositus. 
Th is name described the plant as follows: buttercup with sepals bent back, 
with supporting fl ower stalk, with straight main stem, and with composite 
leaves. Linnaeus gave the common buttercup its binomial scientifi c name, 
Ranunculus repens. 

Another signifi cant feature of the Linnean binomial system is that binomial 
names are informative about the relationships between organisms. Where 
close relationships exist between organisms, the Linnean binomial system 
identifi es this feature by giving them the same generic name. For example, 
Linnaeus gave the scientifi c name Cervus elaphus to the red deer and called 
the closely related fallow deer Cervus dama. Th eir close relationship is adver-
tised by their having the common generic name Cervus. 

Th e specifi c part of a scientifi c name does not denote any degree of relation-
ship. So the organism Balaenoptera musculus is not at all closely related to Mus 
musculus — the former is the blue whale and the latter is the house mouse! 

Advantages of scientifi c names 
Scientifi c names look more complex than common names. Wouldn’t it be 
easier to stick with common names? Surely words like ‘cat’, ‘koala’ and ‘numbat’ 
are preferable to tongue twisters such as Felis catus, Phascolarctus cinereus and 
Myrmecobius fasciatus! In spite of their tongue-twisting nature, scientifi c or 
species names have several advantages over common names.
1. Common names vary from language to language, but scientifi c names are 

universal. Th e domestic cat is the English cat, the Italian gatto, the German 
Katze, the French chat and the Hebrew chatul. In contrast, the scientifi c 
name, Felis catus, is recognised and used by all biologists, regardless of 
nationality. Figure 7.25 shows a sign from a university garden in China. 

2. Th e same common name is sometimes used to label diff erent species. People 
who speak the same language may mean diff erent things when they use 
the same common name. Look at fi gure 7.26. Which is the robin? Th e 
answer depends on the nationality of the person answering the question. 
Th e common name ‘robin’ is used by Australians to refer to small fl y-
catchers, such as the scarlet robin (Petroica multicolour). In contrast, the 
name ‘robin’ is used by North Americans to refer to a diff erent and larger 
bird, with a dull orange breast. Th e scientifi c name of this larger bird is 
Turdus migratorius. 

fiGuRe 7.24 Carolus 
Linnaeus is shown on this 
Linnean Society Silver Medal. 

Odd fact

By the time of his death in 
1778, Linnaeus had described 
and given binomial scientifi c 
names to more than 9000 
species of plants, nearly 
2000 mollusc species, 
2100 insect species and 
477 fi sh species.

fiGuRe 7.25 Sign in a 
university garden in China. 
Notice the scientifi c name 
amid the Chinese characters. 

Odd fact

Sometimes a person may 
know the name of the genus to 
which an organism belongs, 
for example, a tree belonging 
to genus Eucalyptus, but may 
not be sure of the specifi c 
name. In this case, the tree 
can be identifi ed simply as 
Eucalyptus sp. 
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fiGuRe 7.26 The same common name ‘robin’ is used both by Australians and 
Americans for different kinds of bird. (a) Australian robins belong to the genus 
Petroica. Is this true of (b) North American robins? 

(a) (b)

  In Western Australia, the common name ‘prickly Moses’ is used for one 
kind of wattle, Acacia pulchella. In New South Wales, the same common 
name refers to a diff erent species, Acacia ulicifolia. In Victoria and Tasmania, 
the common name ‘prickly Moses’ refers to yet a diff erent species of wattle, 
Acacia verticillata. A scientifi c name refers to one kind of organism only. 

3. Scientifi c names give an indication of the degree of relatedness of diff erent 
organisms. Closely related organisms share the same generic name, for 
example, Macropus. So, there is Macropus rufus, the red wallaby, and its 
close relatives, including Macropus giganteus, the eastern grey kangaroo 
and Macropus fulginosus, the western grey kangaroo. Th ese three kinds 
of kangaroo have similarities in physical structure (morphology), in func-
tioning (physiology and biochemistry) and in their evolution (phylogeny). 
Th is shared similarity is expressed in the fi rst part of their scientifi c names — 
the generic name, Macropus. 

  In contrast, common names cannot be used as a guide to the degree of 
relatedness of diff erent kinds of organism. Consider the long-tailed mouse 
(Pseudomys higginsi), the spinifex hopping mouse (Notomys alexis) and the 
heath rat (Pseudomys shortridgei). Th eir common names suggest, perhaps, 
that the two mice are the most closely related. However, the heath rat and 
the long-tailed mouse are the most closely related pair. 

4. Common names may be misleading, suggesting relationships that are not 
valid. Some common names given to organisms are misleading. In spite 
of their common names, cuttlefi sh are not fi sh, they are molluscs; likewise, 
starfi sh are not fi sh but echinoderms; reindeer moss is not a moss but a 
lichen and the sea tulip is not a plant but an animal. Early European set-
tlers gave Australian animals common names that suggested relationships 
that did not exist. Figure 7.27 shows the animal that was given the common 
name of ‘tiger cat’ by early European settlers. Th is animal, the spotted-tailed 
quoll (Dasyurus maculatus) is not a close relative of the domestic cat (Felis 
catus) and it does not even belong to the same family or order as the 
domestic cat. 

Sources of scientifi c names
A person seeing a scientifi c name, such as Phascolarctos cinereus, might 
say: ‘It looks foreign to me!’ Many of the words used in scientifi c names 
do come from Greek and Latin words. Th e scientifi c name of the koala is 

Odd fact

The fi sh Argyrosomus 
japonicus is found around the 
Australian coast. In Victoria, 
it is known as the mulloway, 
in South Australia as the 
butterfi sh, in Queensland 
and New South Wales as 
the jewfi sh, and in Western 
Australia as the kingfi sh or 
river kingfi sh.

fiGuRe 7.27 Spotted-tailed 
quoll (Dasyurus maculatus). 
What common name did early 
settlers give to this animal? 
Why might this common name 
be used? 
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built from the Greek words phaskolos meaning ‘pouch’, arktos meaning ‘bear’, 
and the Latin word ciner meaning ‘ash-coloured’. So Phascolarctos cinereus, 
the scientifi c name given to the koala in 1816, simply means ‘ash-coloured, 
pouched bear’. 

Some scientifi c names are shown below, along with their meanings.

Macropus rufus  = big-foot (Gk), red (L) 
Acrobates pygmaeus  = acrobat (Gk), pygmy (L) 
Th ylacinus cynocephalus  = pouched-dog (Gk), dog-head (Gk) 
 Ornithorhynchus anatinus = bird-snout (Gk), duck-like (L)

Th e big-footed red animal is the red kangaroo. 
Try to match the other scientifi c names to the Australian native animals 

shown in fi gure 7.28. 

Red kangaroo

Feathertail glider

Platypus
Tasmanian tiger

fiGuRe 7.28 Which of these animals might have a scientifi c name that means ‘bird-
snout, duck-like’, ‘pouched-dog, dog-head’ or ‘acrobat, pygmy?

Other languages have contributed to scientifi c names; for example, the 
name of the plant genus Pandanus comes from the Malay language. 

Th e generic names of some Australian native marsupial mammals 
are derived from Aboriginal words or phrases; for example the genus 
Bettongia is named from an Aboriginal word ‘bettong’ meaning small 
wallaby. Four marsupial species now have the generic name Bettongia 
including the brush-tailed bettong, B. penicillata, and the burrowing bet-
tong, B. lesueur. 

Scientifi c names of organisms may come in part from the names of people 
involved with their discovery or description. Names are usually ‘Latinised’ by 
adding an appropriate suffi  x. Some examples are given in table 7.1. 

table 7.1 Parts of scientifi c names based on people 

Scientifi c name Common names Source of name(s)

Banksia serrata saw-leafed Joseph Banks, English naturalist on Cook’s 
Endeavour voyage 

Wollemia nobilis Wollemi pine Dave Noble, who discovered this species 
in 1994 (see p. 306) 

Odd fact

Scientifi c names sometimes 
have an extra bit, such as the 
messmate tree (Eucalyptus 
obliqua L’Hér), the koala 
(Phascolarctos cinereus 
Goldfuss) and the blue whale 
(Balaenoptera musculus 
Linnaeus — often shown 
as simply ‘L’). This addition 
identifi es the name of the 
person who fi rst described 
the organism.
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Species can be defi ned in diff erent ways, including:
1. classic defi nition — the use of structural similarities
2. biological defi nition — the ability to interbreed
3. modern defi nition — the use of DNA.

Classic definition of species
Th e classic defi nition of a species is based solely on 
similarities in appearance. If two organisms look suf-
fi ciently similar, they are defi ned as the same species; 
if they look suffi  ciently diff erent, they are defi ned as 
diff erent species. One problem with this defi nition 

is that diff erent species may look virtually identical. 
For example, the snow petrel (Pagodroma nivea) 
and the white tern (Gygis alba) are very similar in 
appearance but are diff erent species. Butterfl ies and 
moths of diff erent species can also be very similar 
in appearance. Another problem is that members 
of the same species may show enough variation to 
cause them to be mistakenly identifi ed as diff erent 
species, for example: 
•	 diff erent sexes of the same species may vary mark-

edly, as seen in the Electus parrot (see fi gure 7.29a)

(a) 

(c) 

(b) 

fiGuRe 7.29 (a) The two sexes of 
the Electus parrot (Electus roratus) 
differ greatly. The adult male (left) 
is mainly bright green in colour 
while the female (right) is red and 
purple. For many years these two 
sexes were mistakenly thought 
to be different species. (b) The 
green python (Chondropython 
viridis) shows developmental or 
age variation. Shown here are an 
adult python that is lime green and 
a juvenile that is typically bright 
yellow. (c) The dark and the white 
variants of adult southern giant 
petrels (Macronectes giganteus)

 

What is a sPecies?

(continued)
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•	 members of the same species at diff erent ages 
may show striking variation, as seen in the green 
python (Chondropython viridis) (see fi gure 7.29b)

•	 members of the same species, regardless of sex 
and age, may look diff erent because of inherited 
variation. For example, the southern giant petrel 
(Macronectes giganteus) has two variants: the 
common dark and a rarer white (see fi gure 7.29c).
Th e classic defi nition of a species is useful for fossil 

species. When two fossil organisms are very similar, 
they are identifi ed as members of the same species. 
Figure 7.30 shows three fossil trilobites that are rec-
ognised as diff erent species because of signifi cant 
diff erences in aspects of their size and shape. Like-
wise, the classic defi nition can apply to organisms 
that reproduce only asexually. (Why?)

Biological definition of species
Th e biological defi nition of species identifi es a spe-
cies as members of a group of similar organisms 
that are capable of interbreeding under natural 
conditions to produce viable and fertile off spring. 
Th is defi nition allows two diff erent species to be rec-
ognised even when they appear superfi cially similar. 

Lions (Panthera leo) and tigers (Panthera tigris) 
can mate but they fail the ‘biological test’ because 
(i) their off spring, known as ligers, are infertile 
and (ii) such matings occur only under captive 
conditions. 

Th e biological defi nition of a species has limited 
application. It cannot be used for species that repro-
duce asexually. 

Modern definition of species
Species are now recognised through criteria such 
as: 
•	 the number and shape of chromosomes present in 

their cells 
•	 molecular data, in particular, the genetic infor-

mation contained in their genomes. 
Th is procedure can assist in separating, as distinct, 

two diff erent species that look the same! 
In the case of microbes, molecular analysis is used 

to identify various species. To be the same species, 
the DNA of the microbes concerned must match to a 
high degree. Th is test is very useful for microbes that 
cannot be cultured in the laboratory. More recently, 
it has been proposed that all species be DNA bar-
coded (see pp. 306–8).

fiGuRe 7.30 Three 
different trilobite species 
identifi ed because of 
differences in their shape 
and structure: (a) Elrathia 
kingii (top) and Agnostus 
pisiformis (bottom); 
(b) Phacops africanus

(a)

(b)
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key ideas

 ■ Identifying classes of objects involves giving them names.
 ■ Each different kind of organism or species has a unique scientific name.
 ■ Scientific names are binomial: the first part is the generic name, the 
second part is the specific name.

 ■ Identification can be at several levels with the most precise identification 
being at species level.

Quick check

5 Identify whether each of the following statements is true or false.
a The systematic use of the binomial system of naming organisms was 

introduced by Linnaeus.
b Each different species has a unique scientific name.
c Some, but not all, domestic cats have the scientific name Felis catus.
d Two different species could have the same scientific name.
e A species found in New Guinea must have the same scientific name as 

the same species found in northern Australia.
6 If a black labrador dog has the scientific name Canis familiaris, what 

scientific name would be given to a white highland terrier?
7 Two organisms are similar in appearance. Will they have the same generic name?

How many different kinds?
All the different species of living organisms (animals, plants, fungi, protists 
and microbes) comprise the biological diversity (biodiversity) of planet Earth. 
The species is the basic unit of the living world and the box on pages 297–8 
explains how species are defined. To date, around 1.6 million different species 
have been identified and their descriptions and scientific names published.

The biologists who specialise in identifying, naming, describing and classi-
fying organisms are called taxonomists. Their area of study is called taxonomy 
and it is part of a broader area of study known as systematics, which aims to 
describe relationships between different groups of organisms and to under-
stand the evolutionary history of life on Earth. Taxonomists tend to specialise 
in one particular group of organisms. Read about Bruce Maslin, a taxonomist 
and the world’s expert on plants of the genus Acacia, on page 302.

Describing each different kind of organism and giving each a unique scientific 
name creates an enormous amount of data. Imagine that the description and the 
name of each of the 1.6 million different species already identified were put into 
a book, Life on Earth, with one page for each different species. Such a book would 
be a multi-volume series that would form a stack more than 75 m high! However, 
the total number of different kinds of living organism on planet Earth is far more 
than the number so far identified and named. In addition, the species living today 
are just a tiny fraction of large numbers of different species that have existed since 
life first appeared on this planet. These species, now extinct and occurring only as 
fossils, could also be added to the book Life on Earth — in the ‘past life’ section.

How many different kinds (species) of organism live on Earth today? 
A simple question, but with no simple answer. Past estimates have ranged 
wildly from 3 to 100 million! 

A careful study in 2011 by a group of scientists from the United Nations 
Environment Program (UNEP) produced an estimate of 8.7 million, plus or 
minus 1.3 million, for the total number of eukaryotic species living on Earth. 
Of these, about 6.5 million species are believed to be land-based and about 
2.2 million live in the seas. (This study, however, does not accommodate the 
prokaryotic groups of bacteria and archaea.) If these UNEP estimates are correct, 

Odd fact

Rainforests cover less than 
10 per cent of Earth’s land 
surface but contain about 
half of our planet’s species.

Odd fact

In the period 1863–78, the 
first published collection of 
Australian plants, entitled 
Flora Australiensis, listed 
8000 plants. Since then, more 
than 13  000 new species have 
been described.
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this means that about 86 per cent of all land-based eukaryotic species and about 
91 per cent of those in the seas are yet to be discovered, described and named!

In 2013, another group of scientists reported an estimate of 5 million, plus or 
minus 3 million, species for the number of eukaryotic species living on Earth. 

One recent estimate of the number of prokaryotic species on Earth is 
between 120  000 to 150  000. However, no consensus exists on this issue and 
other estimates identify a much higher figure.

Table 7.2, based on the UNEP estimates of eukaryotic species, shows the 
comparison between the estimated numbers of different kinds of organism 
and the known numbers of these kinds. ‘Known’ means that the organism has 
been identified, described and named. 

table 7.2 Comparison between the estimated and known numbers of different 
kinds of organism on Earth. The last column gives an estimated percentage of the 
species yet to be identified, described and named. Note that plants are the group 
of organisms for which the record is most complete. 

Eukaryote group Estimated number Known number 
Percentage yet 
to be described

animals ~7.700  000 953  434 88%
plants ~298  000 215  644 28%
fungi ~611  000 43  271 93%
protists (protozoa) ~36  400 8  118 78%
protists (chromista) ~63  900 13  033 54%

What about Australia? Table 7.3 shows a sample of the biodiversity in Australia 
in terms of the numbers of different kinds (species) of organism in various 
groups. Most of these organisms are endemic to Australia, that is, are unique to 
this country and do not occur naturally in any other part of the world. Figures 7.31 
to 7.35 show a small sample of Australia’s endemic marsupial species. 

table 7.3 Numbers of different kinds of organism in Australia

Taxonomic  
group

Number of 
Australian species Taxonomic group

Number of 
Australian species

mammals
•	 monotremes
•	 marsupials

386
2

140

plants
•	 flowering plants
•	 conifers
•	 ferns
•	 mosses

18  706
120
498

1  846
birds 828 fungi 11 846
reptiles
•	 lizards
•	 snakes

917
520
172

algae ~3  545

amphibians 227 protists > 1  346
fish ~5  000
echinoderms 1  475
insects 98  703
spiders 6  615
molluscs ~8  700
crustaceans 7  266
earthworms 2  192
sponges >1  346

Source: Adapted from Chapman, 2009, Numbers of Living Species in Australia and the World, 
2nd ed., Australian Biodiversity Information Services, Toowoomba.

Endemic species that occur nowhere else in the world provide a contrast to 
introduced, invasive or exotic species. These species have been introduced, 
either deliberately or accidently, to Australia. Examples include rabbits, cane 
toads and prickly pear.
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fiGuRe 7.31 The Tasmanian devil (Sarcophilus harrisii) 
is a nocturnal carnivorous marsupial. It feeds both as 
a scavenger, eating carrion (dead animals), and as a 
predator of small mammals.

fiGuRe 7.32 The koala (Phascolarctos cinereus) feeds 
by day exclusively on leaves of a few eucalypt species.

fiGuRe 7.34 The feather-tailed glider (Acrobates 
pygmaeus) is an omnivore that feeds on small 
insects, nectar, pollen and sap; it is active by night 
and can glide for distances in excess of 15 m.

fiGuRe 7.33 The kultarr (Antechinomys laniger) is a 
noctural hunter that feeds mainly on insects.

fiGuRe 7.35 The marsupial mole (Notoryctes 
typhlops) lives underground in sandy areas, is 
blind and has no external ears.
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bruce Maslin — taxonomist and 
Acacia specialist 
Bruce Maslin is a research scientist with the Depart-
ment of Parks and Wildlife in Perth, Western Aus-
tralia (see fi gure 7.36a). He is a botanist and expert 
on the plants of the genus Acacia, commonly known 
as wattles. 

Acacia is the largest group of woody plants in 
Australia with over 1000 different kinds (species) 
currently recognised. Formerly, Acacia was a larger 
genus but recent research has shown that most of the 
300 species occurring outside Australia should be 
referred to other groups (genera). Bruce was involved 
in a robust international debate that resulted in the 
name Acacia being retained for the group that pre-
dominates in Australia. Acacias have great symbolic 
significance to Australians because wattle (Acacia 
pycnantha) is our national fl oral emblem, the pre-
dominant colours of wattles (green and gold) are our 
national colours often worn by athletes, and the Order 
of Australia medal, our most important honour, is 
based on a single wattle blossom. 

Bruce has spent many years studying the taxonomy 
of wattles, and practical applications of his knowledge 
include fi nding ways to incorporate wattles into land-
care, conservation and economic activities. 

Bruce completed a Bachelor of Science (Honours) 
and a Master of Science degree at the University of 
Western Australia, but his specialist knowledge of 
Australian wattles has developed from ‘on-the-job’ 
experience. Western Australia, particularly the 
southwest, contains one of the world’s richest fl oras. 

As a taxonomist, Bruce classifi es and formally 
names wattles as well as studying their evolutionary 
relationships. He observes plants in the fi eld and 
collects specimens that are preserved in botanical 
museums (herbaria). He gathers data on the shapes, 
sizes and forms (morphology) of diff erent kinds of 
wattle from herbarium collections and also uses data 
published by other taxonomists in scientifi c journals. 

Bruce has described and named around 350 previ-
ously unknown species of wattle. Scientifi c names are 
important because they enable people to communicate 
information about organisms and this, in turn, provides 
the foundation for applied areas of biology, including 
forestry, horticulture and conservation. Because accu-
rate identifi cation is critical, Bruce has developed inter-
active electronic tools (keys) that 
guide users to the correct names 
for various wattles. Use the 
Wattles and What plant is that? 
weblinks in your eBookPLUS for 
help in identifying wattle 
species.

Bruce’s taxonomic work is used to develop con-
servation strategies. Th e geographic distribution 
and the conditions under which each kind of Acacia 
lives are documented so that rare and geographically 
restricted kinds have been identifi ed. Bruce’s depart-
ment and other organisations responsible for land 
management can use this information to formally 
declare (gazette) these endangered kinds so that 
they and their habitats are protected. 

Bruce’s taxonomic work is also used in applied areas. 
Australian Acacias are used for a wide range of environ-
mental, social and commercial purposes worldwide. 
For example, Acacia mearnsii (black wattle) is an 
important source of tannin for the leather industry and 
is cultivated especially in South Africa and Brazil, while 
Acacia mangium (brown salwood) is grown in Indo-
nesia, Vietnam and Malaysia for its wood, which is used 
in furniture and paper manufacture. Coojong (Acacia 
saligna) is used extensively for fodder and soil con-
servation purposes in north Africa (see fi gure 7.36b). 
Australian Aborigines used wattles for medicines, 
weapons and food, for example, seeds of wirewood 
(Acacia coriacea) (see fi gure 7.36c). Around 50 species 
of Acacia have potential for cultivation in southern 
Australia as part of the fi ght against increasing salinity, 
a serious environmental threat in Australia. 

Weblink
Wattles
What plant is that?

(a)
(c)(b)

fiGuRe 7.36 (a) Bruce Maslin, botanist and taxonomist (b) Coojong (Acacia 
saligna), one of the most promising species for use in the fi ght against salinity in 
southern Australia (c) Pods and seeds of wirewood (Acacia coriacea)
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biodiversity: a medicine cabinet and more
Th e biodiversity of the natural world represents a rich source of organic sub-
stances that have the potential to play a role in curing or preventing disease. 

Th ink about established or historical drugs, such as:
•	 aspirin derived from the bark of the willow (Salix alba)
•	 digitalis extracted from foxgloves (Digitalis spp.) (see fi gure 7.37a)
•	 penicillin from a fungus (Penicillium chrysogenum) (see fi gure 7.37b)
•	 Taxol, a commonly prescribed cancer drug originally derived from the 

Pacifi c yew (Taxus brevifolia)
•	 quinine, an antimalarial drug from the bark of Cinchona species. 

Th ese examples provide ample evidence that organisms are a potential 
source of new pharmaceuticals.

fiGuRe 7.37 (a) The common foxglove (Digitalis purpurea), a source of the drug
called digitalis that is used in the treatment of heart conditions (b) The Penicillium 
chrysogenum fungus is the source of the antibiotic, penicillin.

(a) (b)

Research has shown that traditional plant remedies used in the Middle 
Ages that were believed to have particular curing properties do indeed con-
tain chemicals with biological activity. For example, the feverfew plant (Tan-
acetum parthenium), used as a traditional remedy, has been shown to contain 
two chemicals with anti-infl ammatory properties. 

Sweet wormwood (Artemesia annua), an endangered weed, is the only 
source of the drug artemisinin, which is highly eff ective and fast-acting against 
malaria caused by Plasmodium falciparum.

A sea squirt or tunicate (Ecteinascidia turbinate) from West Indian seas is 
the source of a drug that is under investigation for use in the treatment of soft 
tissue sarcomas, one type of cancer. It has been approved for clinical use in 
Europe under the trade name Yondelis. 

Th ese few examples illustrate the value of biodiversity as a source of drugs 
and the potential for it to be a source of new drugs in the future. Loss of bio-
diversity is a potential loss of a disease-curing drug.

Plants in the wild and some bacterial species represent valuable sources 
of genetic material that might confer resistance to particular diseases, to 
drought or to high-salt conditions, or have the ability to produce a particular 
chemical such as a vitamin. Incorporation of these genes into existing crop 
plants would be expected to produce benefi ts including yields of greater 
quantity or quality. 

Th e biodiversity of the plant world also represents a resource from which 
new foods may be identifi ed. 

New species continue to be found
It is not surprising that new species are found every year. More than 
1200 new species of plant and animal were found in the Amazon region of 
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South America in the 10-year period from 1999 to 2009. Worldwide, about 
17  000 new species are discovered each year. Discoveries of new species are 
not necessarily made in remote and unpopulated areas. For example in 2002, 
scientists found a new species of centipede in a pile of leaf litter in Central 
Park in New York City. 

Discovery of a new species is sometimes a result of advanced-technology 
deep-sea explorations or the result of expeditions by scientifi c teams into rain-
forests. Figure 7.38 shows the bow of the wreck of RMS Titanic lying almost 
4 km below the surface of the North Atlantic Ocean. Note the ‘rusticles’ that 
have formed on the iron railings. A sample of a rusticle was collected by Mir, 
a Russian self-propelled deep submergence vehicle, in 1991. Later analysis 
revealed the presence of many organisms in the rusticle. One of the organ-
isms identifi ed was a new bacterial species that was given the scientifi c name 
Halomonas titanicae. However, advanced technology is not always involved in 
the identifi cation of new species. Discoveries of new species are often made 
by individuals with keen skills of observation, an enquiring mind and a sense 
of curiosity who notice something diff erent, such as occurred with Dave Noble 
who discovered the Wollemi pine (see the box on p. 306).

Below is list of some new species discovered in recent years.

2015
A new transluscent glass frog (Hyalinobatrachium dianae) 
was found in a tropical wet forest in Costa Rica. Figure 7.39 
shows the ventral view of this beautiful animal and illus-
trates vividly why it is a member of a group of frogs called 
glass frogs. (You will explore more about this frog in the 
Biochallenge at the end of this chapter.)

2014
•	 A new species of river dolphin (Inia araguaiaensis) in 

Brazil
•	 A new fi sh species, the aquitanian pike (Esox aquitan-

icus) in France
•	 A new species of wild banana (Musa arunachalensis) in 

India
•	 A new species of sea anemone (Edwardsiella andrillae) 

that hangs upside down from ice into the waters below 
the Ross Ice Sheet in Antarctica

•	 A new species of small marsupial, the black-tailed antechinus (Antechinus 
arktos) that was discovered in an area of high rainfall and high altitude 
near the NSW/Queensland border. Th is species of antechinus diff ers from 
other related species living nearby; it is distinguished from them by the 
yellow-orange markings around its eyes and on its rump and by its black 
feet and tail. 
Other exciting recent discoveries in late 2014 and early 2015 were those of 

three new species of peacock spider in Queensland. Th e new species have been 
given the scientifi c names Maratus elephans, M. jactatus and M. sceletus. Th e 
tiny male peacock spiders are less than 5 mm long and are brightly coloured or 
vividly patterned. Th ey perform elaborate courtship displays to attract females 
to mate with them. Figure 7.40 shows an image of one of the newly discov-
ered peacock spiders (Maratus jactatus) that has been given the nickname 
Sparklemuffi  n. 

It is perhaps not surprising that many small organisms are discovered each 
year. What is surprising is that even new species of large organisms, such as 
mammals and reptiles, are also discovered each year. Th is raises the ques-
tion of how many species will be lost before they have even been discovered 
because of habitat destruction or natural disasters. 

fiGuRe 7.38 Rusticles on the 
iron railings of RMS Titanic. In 
2011, a new bacterial species 
was identifed from these 
rusticles.

fiGuRe 7.39 A new species 
of glass frog discovered in 
Costa Rica in 2015 by Brian 
Kubicki of the Costa Rican 
Amphibian Research Centre 
and his co-researchers. 
Its scientifi c name is 
Hyalinobatrachium dianae 
and its common name is 
Diane’s bare-hearted glass 
frog. (Image courtesy of 
Brian Kubicki, Costa Rican 
Amphibian Research Center)UNCORRECTED P
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Each species is important in its own right as 
a member of the ecosystem in which it lives 
and to which it contributes. In addition, from a 
human-centred viewpoint, the loss of any species 
represents a potential loss of new pharmaceutical 
products, or the loss of a biomimicry inspiration that 
can lead to new processes or products, or the loss 
of a potential new food source, or the loss of valu-
able gentic material, or simply the loss of a living 
organism of amazing beauty.

using technology to discover and identify 
new species
Technology is an important tool in the discovery and 
identifi cation of new species, for example: 
•	 Both manned submersibles and remotely oper-

ated submersible vehicles (ROVs) (see fi gure 7.41) 
have revealed new species in the ocean depths. 

•	 Global positioning satellite technology allows 
scientists to identify positions with high precision 
so that the location of new discoveries can be 
accurately mapped (a handy tool when you are 
wandering through a large, unmapped rainforest!). 

•	 Digital recordings of the calls of birds and monkeys have been the fi rst clues 
to the existence of new species. 

•	 DNA technology is used to identify microbial species that cannot be cultured 
(grown) in laboratories. 

•	 DNA technology is used to distinguish between related species by enabling 
comparison of multiple DNA regions. 

•	 Computer technology enables the storage, rapid retrieval and organisation 
into databases of the enormous amounts of information concerning Earth’s 
biodiversity.

fiGuRe 7.41 ROV Tiburon, a 
remotely operated submersible 
vehicle of the Monterey Bay 
Aquarium Research Institute, 
is lowered into the ocean 
to undertake exploratory 
research. It can operate to a 
depth of up to four kilometres 
below the ocean surface 
and is equipped with various 
sensors and cameras that 
scientists control with remote 
technology on the ship.

In some cases, new species result when one existing species is split into 
two species. For example, dolphins from Central and South America that were 
classifi ed as a single species are now recognised to include a river-dwelling 
species (Sotalia fl uviatilis) and a coastal marine species (S. guianensis).

Weblink
Spider courtship dances 

fiGuRe 7.40 Image of the 
tiny peacock spider (Maratus 
jactatus) also known as 
Sparklemuffi n. As he eyes 
a potential mate, he starts a 
courtship dance during which he 
waves his rear leg. These spiders 
are found only in Australia. 
(Image courtesy of Jürgen Otto)

UNCORRECTED P
AGE P

ROOFS



NATuRE of biology 1306

biOlOGist at WORk 

dave Noble — ranger
‘I am a ranger for the National Parks and Wildlife 
Service of New South Wales. I work in the Gardens 
of Stone and Wollemi National Parks about 100 km 
to the west of Sydney. My job involves doing a var-
iety of duties including fi ghting fi res, picking up rub-
bish, search and rescue, wildlife surveys and writing 
reports. To get a job as a ranger, I completed a degree 
in park management at Charles Sturt University in 
Albury. After many interviews and lots of temporary 
work, I succeeded in getting a permanent position.

‘I am very much an outdoors person and enjoy 
climbing, caving, bushwalking and canyoning. As I 
am a keen botanist, I am always looking at the plants 
around me. It was the combination of my outdoor 
activities and interest in plants that led me to dis-
cover the Wollemi pine in 1994. I was walking down 
a canyon in a remote part of Wollemi National Park 
when I saw a plant that I didn’t recognise. I was 
interested to fi nd out what type of plant it was and 
took a small cutting home. 

‘After looking through several books I gave up and 
decided to take it to a good friend and experienced 
botanist, Wyn Jones. Wyn didn’t seem impressed 
and said it was some kind of fern. I remarked it was a 

large tree and left the specimen with him for a couple 
of days. We later visited the site to collect further 
specimens. Th e tree became known as the Wollemi 
pine (Wollemia nobilis); it was not just a new species 
but a whole new living genus dating from the time of 
the Gondwana supercontinent. 

‘I enjoy my work as a ranger and the surprise 
aspect of the job. You never know where you will end 
up when you turn up for work.’ 

In October 2005, over 100 ‘fi rst generation’ pines, 
grown from cuttings from the original trees discov-
ered by Dave Noble, 
were auctioned to 
the public. Th e auc-
tion yielded more 
than $1 million.

In order to safe-
guard this unique 
species, no public 
access is permitted 
to the gully where the 
Wollemi pine was dis-
covered — not even 
Dave Noble can visit 
the site! 

fiGuRe 7.42 Dave Noble

Quick species iD: DNA
We cannot know what species exist on Earth until they have been identifi ed, 
but we do know that:
•	 a very large number of Earth’s living species have yet to be discovered, 

named and identifi ed
•	 species are becoming extinct at a very rapid rate through factors such 

as habitat destruction and many may be lost before they have been 
discovered

•	 the process of identifying, describing and naming species through traditional 
methods is a time-consuming process.
In light of these facts, one group of scientists is using DNA technology as 

a new and fast way of identifying new species of any kind — this new tech-
nology is called DNA barcoding.

Supermarkets keep track of their stock and of their sales through a bar-
code system called Universal Product Code. Barcodes on supermarket items 
are machine-readable digital labels, typically a series of stripes that uniquely 
identifi es each diff erent type of product. In a similar way, this group of scien-
tists proposes that all species could be identifi ed using a short stretch of 
their genetic material, DNA, that would serve as a unique identifi er for the 
species. Th e barcode is a particular sequence of bases (A, T, C and G) present 
in DNA (see fi gure 7.43).

For animals, the barcode is a sequence of 650 bases from the CO1 
gene (cytochrome oxidase 1) that is present in the mitochondria of all 
eukaryote cells.

fiGuRe 7.43 Just a thought! 
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For example, the unique barcode for the deepbody boarfi sh Antigonia 
capros (see fi gure 7.44) is as follows: 

GcactcctaGGaGatGaccaaatctacaatGttGtaGttacaGcacatGcctttG-

taataattttctttataGtaataccaattataattGGaGGatttGGaaactGactaat-

tcctttaatGattGGaGcccccGatataGcattcccccGaatGaacaatatGaGct-

tctGactacttccaccctcttttttacttctccttGcctcttctataGtaGaaGcaG-

GGGcGGGcactGGatGaacaGtttacccccctctaGctGGGaacctGGcccatGc-

cGGGGcatcaGttGacttaacaattttttctctccacttaGcaGGGatttcct-

caatccttGGGGccatcaactttatcacaactattattaatatGaaacctcccGc-

tatttcccaGtaccaaactcccctGtttGtttGaGcaGtactaattactGcaGttct-

tcttctcctctcccttcccGtccttGctGccGGaattacaatacttcttacaGac-

cGaaacttGaacaccaccttctttGacccaGccGGaGGaGGaGacccGattctttat-

caacatctattctGattttttGGG

Diff erent genes are being considered for plant species. Th e plant genes used 
are the rbcL gene and the matK gene.

fiGuRe 7.44 The deepbody 
boarfi sh (Antigonia capros). 
Check out its details using 
the search engine at WoRMS, 
www.marinespecies.org.

Instead of the letters A, T, C and G, a DNA barcode can also be displayed as 
a pattern of coloured bands where A = green, T = red, C = blue and G = black. 
With colours, the distinctive patterns for various animal species are quite 
apparent (see fi gure 7.45).

fiGuRe 7.45 Part of the DNA 
barcodes of four different 
species. Each barcode is 
unique for the species. What 
do the colours represent? 

Source: www.plosbiology.org.

Weblink
WoRMS World register of Marine 
species

UNCORRECTED P
AGE P

ROOFS



NATuRE of biology 1308

Applications of DNA barcoding include:
•	 identifying and separating animal species that are presently regarded as a 

single species because of similarity in appearance 
•	 identifying whether a specimen is a new or an existing species.

Th e validity of DNA barcoding as a tool for identifi cation is being tested. In 
one test reported in 2004, scientists took museum samples and showed that 
each of the 260 diff erent bird species had a unique DNA barcode. Th is test 
also showed that, in one case, a bird species was in fact two distinct species. In 
future, it is possible that each species will have:
•	 its binomial name, based on a time-consuming study of structural and 

behavioural features using traditional taxonomy
•	 a DNA barcode, based on its unique genetic make-up, which is rapidly 

obtained.
Unlike traditional taxonomy, DNA barcoding can be done much more 

quickly, and will speed up species identifi cation. Not all scientists agree that 
DNA barcoding can deliver reliable identifi cation but the technique is being 
applied, particularly in animals, and a database of DNA barcodes has been 
established. Th is database is the Barcode of Life Database (BOLD).

Because the DNA barcodes of species are distinctive, these barcodes can be 
used for various purposes, including identifying:
•	 cases of species substitution in fi sh markets (and in restaurants), where 

cheaper fi sh fi llets are labelled (or served) as more expensive species
•	 invasive pest species at quarantine checkpoints
•	 whether meat and leather come from farmed animals or from protected 

wildlife.
In addition, the DNA of a species can show detectable variation over the 

geographic range of the species. Where such variation exists, DNA barcodes 
can be used to identify the region of origin of tissues of the species. Th is means 
that barcodes can be used to identify whether timber imported into Australia 
comes, as is claimed, from a sustainable plantation, say in Papua, or instead 
from a native forest in another region.

Extinction: loss of diversity
Kinds of organism that no longer live on planet Earth are said to be extinct. 
Th e fossil record indicates that over geological history, many kinds of organism 
have become extinct. 

Some organisms have been extinct for a very long time. Figure 7.46 shows 
the plant-eating dinosaur, Muttaburrasaurus langdoni, that once lived in 
regions that are now part of Queensland. Th is animal became extinct more 
than 65 million years ago. Other extinctions occurred tens of thousands of 
years ago. Diprotodon, the largest known marsupial that ever lived in Australia, 
was about the size of a rhinoceros and appears to have become extinct more 
than 10  000 years ago.

Recent extinctions
An organism is presumed to be extinct if 50 or more years have passed since 
the last reliable sighting. Australia holds the sad record of having lost, since 
the time of European settlement, more mammals through extinction than any 
other continent or country on Earth. Table 7.4 lists some Australian animals 
that are presumed to be extinct. Plants, too, have been aff ected with nearly 
100 kinds of Australian plant presumed to have become extinct in the same 
period. Th e loss of each kind of organism represents loss of part of Australia’s 
unique biodiversity.

Odd fact

DNA barcoding requires 
only small samples that 
can be taken from living 
specimens or from museum 
specimens and can be used 
on fragments of biological 
material, such as hair, skin 
cells and stomach contents.

fiGuRe 7.46 The extinct 
dinosaur, Muttaburrasaurus. 
Where has evidence of its past 
existence been found?
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table 7.4 Australian vertebrate animals presumed to be extinct. When was the 
last reliable sighting of the desert bandicoot?

Animal
last recorded 

sighting

Mammals

thylacine, Th ylacinus cynocephalus 1936

desert rat-kangaroo, Caloprymnus campestris 1935

lesser stick-nest rat or djooyalpi, Leporillus apicalis 1933

central hare-wallaby, Lagorchestes asomatus 1932

desert bandicoot, Perameles eremiana 1931

lesser bilby, Macrotis leucura 1931

Gould’s mouse or koontin, Pseudomys gouldii 1930

crescent nailtail wallaby, Onychogalea lunata 1930s

toolache wallaby, Macropus bernadus 1924

pig-footed bandicoot, Chaeropus ecaudatus 1907

short-tailed hopping mouse or yoontoo, Notomys amplus 1896

Birds

paradise parrot, Psephotus pulcherrimus 1922

rufous bristlebird, Dasyornis broadbenti 1906

dwarf emu, Dromaius diemenianus 1840s

The last known thylacine 
or Tasmanian tiger (Thy-
lacinus cynocephalus) (see 
figure 7.47), was a male 
named Benjamin that died in 
1936 at Hobart Zoo. Not many 
years before that, bounties 
were paid for thylacine scalps. 
Th e bounty was removed on 
14 July 1936 about the time 
Benjamin died. In 1938, the 
Tasmanian Government 
declared the thylacine a pro-
tected animal. The decision 

was far too late. Your great-grandparents, and even your grandparents, could 
have seen the beauty of a living thylacine, but you will never see one. 

back from the brink!
Occasionally, kinds of organism that were regarded as extinct have been redis-
covered, such as the organisms listed below.
•	 Th e mountain pygmy possum (Burramys parvus) was found in 1966 in a ski hut 

on Mount Hotham in Victoria. It was previously known only from fossil bones.
•	 Th e bridled nailtail wallaby (Onychogalea fraenata) was presumed extinct in 

the 1950s. In 1973, however, a small population was discovered near Dingo, 
Queensland.

•	 Th e Adelaide skink (Tiliqua adelaidensis) had been seen only twice in the 
twentieth century, the last time in 1959. It was presumed extinct; but was 
rediscovered in 1992. 

fiGuRe 7.47 The loss of 
thylacines from planet Earth 
provides warning that action 
to conserve the life forms 
of this planet can come too 
late. When were thylacines 
declared a protected species?

Odd fact

The fi rst clue that the 
Adelaide skink was not 
extinct came in October 1992 
when a biologist found an 
eastern brown snake that 
had been killed by a car. The 
snake had recently eaten and 
the lump in its stomach was 
found to be an adult Adelaide 
skink! Later, live specimens 
of the skink were found. 
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•	 Th e Alice Springs mouse or djoongari (Pseudomys 
fi eldi) (see fi gure 7.48) was thought to be extinct, 
having last been seen in 1895. In 1998, biologists 
realised that the Alice Springs mouse was identical 
with the Shark Bay mouse that lives on Bernier Island 
off  the west coast of Western Australia. So, the Alice 
Springs mouse survives today, but about 2000 km from 
the place after which it was named! Figure 7.48 was 
taken at Faure Island Wildlife Sanctuary, a protected 
area where the Australian Wildlife Conservancy are 
reintroducing the species. 

•	 Th e wrinkled button plant (Leptorhynchos gatesii), 
last seen in 1922, was found again in 1983. 

Stopping the loss 
At present, various kinds of living thing on Earth are 
becoming extinct at a rate that is estimated to be faster 
than ever before. Th e Australian Museum in Sydney 
estimates that various kinds of plant and animal are 
becoming extinct at the rate of several kinds every hour. 
Many organisms will become extinct before they have 

been discovered, studied, classifi ed and named by biologists. Why has the rate 
of extinction increased?

Living things are dependent on their surroundings, which include both 
physical and other kinds of living thing. Actions that change, degrade or 
destroy an environment aff ect the survival of all living things in that region, 
increasing the risk of extinction for rare kinds of organism and contributing to 
the extinction of organisms whose range is restricted to that region alone. Such 
actions include: 
•	 excessive clearing of native grasslands and unsustainable loss of old growth 

forests 
•	 overgrazing 
•	 changed frequency of fi re 
•	 degradation of water quality in rivers, lakes and estuaries 
•	 introduction of exotic plants, predators and diseases 
•	 unregulated exploitation of terrestrial and marine wildlife. 

Because of the interdependence of living things, the loss of one kind of 
organism does not stop there. If it is a source of food or shelter for other kinds 
of organism, they too will be at risk, and so on. 

Stopping the loss of biodiversity depends on taking action to reverse or 
repair damage already done and to compensate for (or slow to sustainable 
rates) the consequences of actions identifi ed above. 

key ideas

 ■ Earth’s biodiversity is variously estimated to comprise less than 10 million 
species. 

 ■ Discovery of many new species continues every year.
 ■ Taxonomy is the science of systematically identifying, naming and 
describing species and organising them into related groups. 

 ■ Species can be defi ned in various ways, with each defi nition having 
different applications and limitations. 

 ■ DNA barcoding is a new tool for the rapid identifi cation of species.
 ■ Extinction refers to the permanent loss of all members of a particular kind 
(species) of living organism from Earth.

fiGuRe 7.48 The Alice Springs mouse or djoongari 
(Pseudomys fi eldi), thought to be extinct, can still 
be found on Bernier Island off the coast of Western 
Australia. (Image courtesy of W Lawler, Australian 
Wildlife Conservancy)

unit 1 Maintainence of 
biodiversity
Concept summary 
and practice 
questions
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Quick check

 8 Identify whether each of the following statements is true or false.
a Most living organisms on Earth have been identified, described and 

named.
b The classic definition of a species is useful for fossil species.
c Only a few species remain to be discovered.
d  More species of insect are estimated to exist than species of bird.

 9 Species can be defined in different ways. Which of the ways is most useful 
in the case of a fossil specimen?

10 List two ways that technology has assisted the discovery of new species.
11 Give one example of the successful use of DNA barcoding in species 

identification.
12 If a species of possum has disappeared completely from a large area, but 

a small population is later found on a distant island, is this an example of 
extinction? Briefly explain.

Classification: forming groups
The biodiversity of planet Earth comprises millions of different species. How 
can this enormous amount of biological data be organised in a meaningful 
way? This is done through the process of classification, which involves:
1. naming and describing each different kind of organism or species
2. organising closely related species into groups
3. combining these groups to form larger, more inclusive groups.

We have already seen how species are named (see pp. 297–8) and we will 
now explore how species are organised into groups. As we saw on page 299, 
the rules and principles of classification are part of the special area of biology 
known as taxonomy, the science of systematically identifying and describing 
species and organising them in related groups. Let us look first at the princi-
ples of classification and then at biological classification.

Principles of classification
Consider the following people: Shane is sorting stamps to put in a new album, 
Rosie is adding some new releases to the display of CDs in her music store and 
Tracey wants to locate a biology book from a library. A botanist, Tran, looks at 
a plant and says ‘That’s a fern’. What do these people have in common? 

Each of these people is involved with an aspect of classification. 
•	 Shane is creating a classification scheme by separating his stamps into 

groups by country of origin. The basis on which groups are formed is known 
as a criterion — in this case, ‘country of origin’. 

•	 Rosie, the music storekeeper, is adding new items to an existing classification 
scheme by putting new CDs to a display, previously arranged in separate 
areas by type of music (classical, rock etc.) and, within each area, alphabeti-
cally by name of the composer or performer(s). 

•	 Tracey is retrieving an existing book from a library organised according to 
the Dewey classification scheme. She goes to the 500s section for biology. 
The classification of stamps, CDs and books involves their physical separ-

ation into groups. In contrast, the classification used by Tran, the botanist, is 
an intellectual exercise in which mental categories of objects are formed. 

Tran organises plants into different groups according to the presence or 
absence of various features. Seeing a particular green plant having distinctive 
fronds with spores on their undersurface, Tran identifies it as belonging to the 
category labelled ‘fern’. Tran uses a series of decisions, known as a dichoto-
mous key (see figure 7.49), to organise the plants into groups.

elesson
Zoos Victoria case study: the eastern 
barred bandicoot
eles-2468
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DECISION 1a Plant produces 
seeds  ..........................  Go to 2

or

1b Plant produces 
no seeds  .....................  Go to 3

DECISION 2a Seeds enclosed
with ovaries  ...............  It’s a fl owering
   plant!

or

2b Seeds exposed on
scales of cones  ..........  It’s a conifer!

DECISION 3a Dominant stage of life
cycle is the diploid
stage that produces
spores  ........................  It’s a fern!

or

3b Dominant stage of life
cycle is the haploid
stage that produces
gametes  .....................  It’s a moss!

Flowering plant: seed producer 
with seeds produced in ovaries of 
fl owers

Pine: seed 
producer, with 
seeds carried 
on cones

Fern: spore-producing stage 
dominant (the dark lines on the 
undersurface are small brown 
spore-producing structures)

Moss: gamete-
producing stage 
dominant

fiGuRe 7.49 These plants are organised into four 
major groups using a dichotomous key as shown. 

features of classifi cation schemes 
•	 Classifi cation schemes can vary depending on their function. Th ere is no 

single correct way of classifying a group of items. Classifi cation schemes 
can use diff erent criteria to organise the same set of items. A plant 
nursery owner might classify plants on the criterion of size and group 
them into ‘trees’, ‘shrubs’, ‘creepers’ and ‘herbaceous plants’. In contrast, 
indigenous tribespeople might classify them as ‘edible’, ‘non-edible’ and 
‘poisonous’. 

•	 Usefulness of classifi cation schemes depends on the criteria selected. Useful 
classifi cation schemes involve criteria that are: 

 – objective (rather than subjective) 
 – meaningful (rather than arbitrary). 

An objective criterion is one that has the same meaning for diff erent 
people; for example, with books, an objective criterion is ‘subject matter’ 
while a subjective criterion is ‘interest level of contents’. Use of objective cri-
teria in classifi cation gives reproducible and predictable results, no matter 
who uses it. A meaningful criterion conveys useful information about what 
members of a particular group have in common, in contrast to an arbitrary 
criterion. For classical CDs, ‘composer’ is a meaningful criterion that pro-
vides useful information, in contrast to an arbitrary criterion such as ‘colour 
of CD label’. 
•	 Classifi cation schemes are not fi xed but can change as new information 

becomes available. 
•	 Classifi cation schemes can be single or multi-level. Shane organised his 

stamps into a single-level scheme using one criterion. Rosie used two cri-
teria and produced a multi-level scheme (see fi gure 7.50). A multi-level 
scheme is also called a hierarchical scheme. We will see later (pp. 314–16) 
that biological classifi cation involves a hierarchical scheme.
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Sort by colour only Sort by colour ...

... then by shape(a) Single-level classi�cation
Criterion: colour

(b) Multi-level classi�cation
Criterion 1: colour
Criterion 2: shape

fiGuRe 7.50 (a) Single-level 
classifi cation schemes use 
one criterion. (b) Multi-level 
classifi cation schemes use 
two or more criteria. How 
many criteria are used in this 
scheme?

benefi ts of classifi cation
Th ink about trying to fi nd a phone number if the entries in a phone book were 
not organised alphabetically. Th ink about fi nding a book in a library if the 
books were just shelved in order of date of delivery. Th ink about communi-
cating information about biodiversity if every organism, both living and fossil, 
was treated as an individual, unrelated item: aardvark, ammonite, armadillo, 
artichoke, avocado, and so on, to zebra, zebu, zinnia, zokor, zorro. 

Classifying or organising diff erent kinds of organism into a smaller number 
of groups using objective and meaningful criteria produces benefi ts. 
•	 It is easier to deal with a smaller number of groups than a very large 

number of separate items. For example, the group ‘family Felidae’ refers to 
all members of the cat family including lions, leopards, cheetahs, jaguars, 
pumas, lynxes, ocelots and domestic cats. 

•	 Classifi cation can provide information. For example, what are zokors? 
Zokors are members of the order Rodentia and this label conveys the infor-
mation that zokors are mammals closely related to mice and rats. 

•	 New items can be added in a predictable way. For example, when a new kind 
of organism is discovered, it is compared with known groups and is classi-
fi ed as part of an existing group with which it shares key similarities. 

•	 Information about items can be easily retrieved. For example, if a scien-
tist wishes to access data about the group of invertebrate animals with 
soft bodies enclosed within paired shells of equal size, this can be done by 
accessing data about the animal group known as class Bivalvia. 

•	 Predictions can be made about an item based on knowledge of its classifi -
cation (see fi gure 7.51). If, for example, biologists read that a newly discovered 
fossil specimen has been classifi ed as a member of the class Mammalia, they 
can confi dently predict that its skull will show features characteristic of all 
members of that group, including a lower jawbone made of a single bone 
and teeth diff erentiated into various types. Examine fi gure 7.52. Can you 
identify the mammalian skull? Th e lower jaw of the reptile is made of several 
bones and its teeth are not diff erentiated into incisors, canines, premolars 
and molars, as is the case in mammals.

Odd fact

The Great Herball, a book 
published in 1526, has the 
following classifi cation of 
fungi: ‘Musheroons: There be 
two manners of them; one 
manner is deadly and slayeth 
them that eateth them and 
be called tode stools, and 
the other doeth not’. What 
criterion was used to group 
the fungi?

fiGuRe 7.51 Knowledge of 
classifi cation allows biologists 
to make predictions about a 
kind of organism — but not 
about its pet name!
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fiGuRe 7.52 Two fossil 
skulls. Only one can be 
classifi ed as belonging to 
the group known as Class 
Mammalia. Can you select 
which? (The other belongs 
to the group known as Class 
Reptilia.) You are a mammal. 
What prediction can you make 
about your lower jawbone? 

biological classifi cation: forming a hierarchy 
Th e system of biological classifi cation forms a nested hierarchy of levels 
from species to phylum (see fi gure 7.53). Any level of classifi cation — species, 
genus and so on — can be called a taxon (plural: taxa). Th e species level is the 
least inclusive and contains just one kind of organism. In contrast, the phylum 
level may contain a large number of organisms; for example, the phylum 
Mollusca contains more than 85  000 accepted species. 

Th e closer the evolutionary relationship between two organisms, the more 
similar their classifi cation. Two organisms that belong to the same genus are more 
closely related than two organisms that share only the same family membership.

PHYLUM 1
CLASS 1

= Species

ORDER 1

FAMILY 1

GENUS 1

FAMILY 2

GENUS 3

GENUS 2

PHYLUM 2
CLASS

ORDER

FAMI L

GENU

GENU

CLASS 2

ORDER 2

FAMILY 3

GENUS 4

ORDER 3

GENUS 5 GENUS 6

FAMILY 4

CLASSCLASS

ORDERORDER

L

GENU

GENU

fiGuRe 7.53 Classifi cation 
schemes for organisms form a 
hierarchy.

Each diff erent kind of organism, living or extinct, is known as a species, 
which is the basic level of classifi cation. Examples of species include: 
•	 domestic cat (Felis catus) 
•	 tiger (Panthera tigris)
•	 lion (Panthera leo) 
•	 great white shark (Carcharodon carcharias)
•	 polar bear (Ursus maritimus) 
•	 chimp (Pan troglodytes)
•	 emu (Dromaius novaehollandiae) 
•	 dog (Canis familiaris).

Figure 7.54 shows key features of their classifi cation. Note that: 
•	 Closely related species form a group known as a genus (plural: genera). 

Lions and tigers are both members of the genus Panthera; the other species 
belong to diff erent genera. 

•	 Groups of related genera form a group known as a family. Cats, lions and tigers are 
all members of the family Felidae. Th e others belong to diff erent families: family 
Canidae for dogs, family Ursidae for bears and family Hominidae for chimps. 

•	 Related families form a group known as an order. With the exception of 
chimps that are members of order Primates, the other fi ve species are 
members of order Carnivora. 
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•	 Groups of related orders form a group known as a class. Six of the species 
are members of class Mammalia (which have fur/hair and produce milk for 
their young). 

•	 Related classes form a group known as a phylum. Mammals, birds and 
sharks are some of the classes that are grouped into phylum Chordata (see 
fi gure 7.55). What are the other classes? 

SPECIES

GENUS
Panthera

FAMILY
Felidae

ORDER
Carnivora

CLASS
Mammalia

fiGuRe 7.54 The hierarchical 
(multi-level) system of 
classifi cation of organisms. 
Observe how, as one moves to 
higher levels in the hierarchy, 
each group becomes more 
inclusive and contains more 
species. 

Class Aves

Class Mammalia

PHYLUM CHORDATA

Class Amphibia

Class Chondrichthyes
Class
Agnatha

Class
Osteichthyes

Class
Reptilia

fiGuRe 7.55 Phylum 
Chordata contains seven 
classes. To which class do 
you belong?
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The classification of five animal species, including an extinct species of 
ammonite, is shown in table 7.5. 

table 7.5 Classification of five animal species. Based on this information, which two are most closely related?

Human
Horse black rhinoceros Dog Ammonite

phylum Chordata Chordata Chordata Chordata Mollusca

class Mammalia Mammalia Mammalia Mammalia Cephalopoda

order Primates Perissodactyla Perissodactyla Carnivora Ammonitida

family Hominidae Equidae Rhinocerotidae Canidae Dactylioceratidae

genus Homo Equus Diceros Canis Dactylioceras

species Homo sapiens Equus caballus Diceros bicornis Canis familiaris Dactylioceras 
commune

Classification also applies to plants and table 7.6 shows the identification 
and classification of the peppermint gum.

table 7.6 Classification of peppermint gum, one of the eucalypts whose leaves 
are eaten by koalas. What kind of fruit would Eucalyptus marginata have?

division Spermophyta It produces seeds.

class Magnoliidae It is a flowering plant having an embryo with 
two seed leaves or cotyledons.

order Myrtales It belongs to a group that includes some members 
with dry fruit and some with fleshy fruits; water-
conducting tissue (xylem) in the stem is internal 
to the sugar-conducting tissue (phloem).

family Myrtaceae It produces aromatic oil from glands in the leaves, 
and has dry woody fruits, known as nuts.

genus Eucalyptus It is one of the eucalypts with each flower bud 
covered by a woody cap.

species Eucalyptus radiata It is the common peppermint gum tree, with grey 
fibrous bark and narrow leaves.

Classifications can change
Biological classifications can change. Organisms originally identified as 
belonging to a single species may later, as a result of further study, be split 
into two different species. Traditional classifications were based on struc-
ture and organisms were grouped because of similarities in their structures. 
Major changes in classification can occur as a result of DNA sequencing and 
protein sequencing. Technological advances in the last decade have made it 
possible to sequence DNA segments, specific genes and proteins very quickly 
and cheaply. Sequence data are held in a database that can be accessed by sci-
entists worldwide and have become new tools in classification. 

One example of a changed classification involves the Australian mountain 
brush-tailed possum, found in forests in eastern Australia from Queensland to 
Victoria (see figure 7.56). It was originally believed that this possum was a single 
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species with the scientifi c name Trichosurus caninus. Based on extensive studies 
of the structural and molecular features of these possums, it was concluded in late 
2002 that the northern and the southern populations were in fact two diff erent 
species. Th e northern species has retained the scientifi c name Trichosurus can-
inus but has been given the common name of short-eared possum. Th e Victorian 
species now has the scientifi c name Trichosurus cunninghamii and is commonly 
known as the mountain brush-tailed possum. One species has become two! 

(a) (b)

fiGuRe 7.56 These possums, 
once thought to be a single 
species, are now classifi ed 
as two species: (a) the 
short-eared possum in the 
north (Trichosurus caninus) 
and (b) the mountain brush-
tailed possum in the south 
(Trichosurus cunninghamii). 
This was fi rst reported in 
2002 in Australian Journal of 
Zoology, vol. 50, p. 369.

Tree shrews are a group of small mammals (see fi gure 7.57) that live in 
tropical rainforests in Asia; about 30 diff erent species have been identifi ed. 
Oriental tree shrews are not shrews and most do not live in trees! Tree shrews 
were originally classifi ed as members of the order Insectivora, which includes 
hedgehogs, moles and shrews (real ones!). In 1945, tree shrews were reclassi-
fi ed as members of the order Primates, which includes lemurs, monkeys and 
apes. However, DNA technology showed later that tree shrews are not closely 
related to primates and they have now been reclassifi ed as the only members 
of a new group known as Order Scandentia. 

How are groups formed?
Taxonomists have organised all the known animal species presently living on 
Earth into nearly 40 phyla. Th ese animal phyla are subdivided into about 80 dif-
ferent classes and nearly 400 orders. All the plant species on Earth have also been 
organised into phyla (also known as divisions). Among the plants, there are more 
than 260  000 diff erent species of fl owering plants and taxonomists have classifi ed 
them into two classes, more than 200 orders and more than 500 families. 

How are decisions made about what should be included within the various 
groupings? Organisms that are directly descended from a common ancestor 

are placed in the same genus. But 
which genera should be grouped  into 
the same family? What other mam-
mals should be included with dogs in 
the family Canidae? Biologists wish to 
group organisms according to inferred 
degrees of evolutionary relationship 
(see fi gure 7.58). One approach to 
identifying the relationships between 
various organisms and deciding which 
organisms should be included in par-
ticular groups, such as genus, family 
and order, is cladistics. 

fiGuRe 7.57 One of the Asian 
tree shrew species, Tupaia 
glis. Two major changes have 
occurred in their classifi cation. To 
which order do they now belong?

fiGuRe 7.58 Which two 
animals appear more closely 
related? The most closely 
related pair is the echidna and 
the platypus.
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Cladistics: recognising relationships 
Cladistics asks the question ‘How many derived features do they share?’ to 
identify which organisms should be included in a particular genus, family or 
order. 

Characters seen in a particular group of organisms can be identifi ed as 
primitive or derived. For a particular group, primitive characters are features 
that were present in their common ancestor and so appear in all members of 
the group. In a group of mammals, for example, a primitive or ancestral feature 
is the presence of fur. Why? Because this feature was present in the common 
ancestor of all mammals. Derived characters are advanced or modifi ed 
features that evolved later and appear in some members only of the group in 
question. In a group of mammals, for example, a derived feature is the pres-
ence of nails on fi ngers and toes. Why? Th e hands and feet of the common 
ancestor of all mammals had claws so this is the primitive state; nails evolved 
later in one group of mammals, the primates, so this is the derived state. 

In cladistics, only shared derived features can be used. (Derived features 
that are present in one member only of a group being studied cannot be used 
in cladistics.) Th e result of a cladistics analysis is shown in a diagram known 
as a cladogram (see fi gure 7.59). Branching points (forks) occur on the clado-
gram each time a derived character appears in some members of the group. A 
cladogram shows the evolutionary relationship between particular organisms 
based on the derived characters that they share. Various groups containing all 
organisms descended from a common ancestor are formed and these groups 
are used as the basis for various levels of classifi cation. 

A(a) (b)B C D E F G

Classi�cation

Species : E

Genus : E and F

Family : D, E, F and G

Order : E, F, G, D, A, B and C

fiGuRe 7.59 (a) A cladogram showing the presumed relationship (b) From this 
cladogram, classifi cation groups can be formed. Organisms grouped in the same 
genus are the most closely related, for example, E and F. Families are formed from the 
next most closely related organisms, for example, E, F and G.

Cladograms show evolutionary relationships but do not give the evolu-
tionary history of the organisms (or groups) since they all appear at the end of 
the branches and no ancestral organisms are identifi ed. 

beyond the phylum
Th e species biodiversity of Earth is made up of several million diff erent kinds 
of organism. We have seen that this biodiversity can be progressively organ-
ised into larger groups up to the level of phylum (plural: phyla). Phylum comes 
from the Greek phylon = tribe.
•	 Animals are organised into more than 30 phyla, but the majority (about 95%) 

of animal species fall into about 9 phyla.
•	 Plants are organised into 12 divisions or phyla.
•	 Fungi are organised into 6 phyla.
•	 Bacteria are organised into at least 29 phyla.
•	 Archaea are organised into 5 phyla.

Cladistics can also be used to 
identify the relationships between 
genera within a family, such as 
family Equidae, the horse family. 
Using various derived features, 
living and extinct horses can be 
related, as shown in fi gure 7.68 on 
page 325.
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Prokaryotes

Eukaryotes
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Brown
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fiGuRe 7.61 The biodiversity of Earth organised into a ‘fi ve-kingdom’ scheme 

What lies beyond the level of phylum? 
Th e entire biodiversity of planet Earth has been organised by various 

biologists at diff erent times into a small number of major groups. Th e most 
important are the: 
•	 two-kingdom system of Linnaeus 
•	 three-kingdom system of Haeckel 
•	 fi ve-kingdom system of Whittaker 
•	 three-domain system of Woese. 
Kingdoms: 2 to 3 to 5 
Th e Swedish biologist Carolus Linnaeus (1707–78) classifi ed the living world 
into two kingdoms — vegetables (plants) and animals — so identifying every 
species as either a plant or an animal. Linnaeus stated that members of the 
Animal Kingdom ‘have life, sensation and the power of locomotion’, while 
members of the Plant Kingdom ‘have life and not sensation’. Th e Linnean two-
kingdom system lasted for about one hundred years, but organisms such as 
bacteria and single-celled eukaryotes like Amoeba did not fi t well into the two-
kingdom system. In addition, some animals and plants are atypical, such as 
sea pens, which are immobile (sessile) animals (see fi gure 7.60). 

In 1866, a German biologist, Ernst Haeckel (1834–1919), proposed a three-
kingdom system that comprised Kingdom Animalia (animals), Kingdom 
Plantae (plants and fungi) and Kingdom Protista (everything else). Th e Protista 
kingdom created by Haeckel included bacteria and single-celled eukaryotes. 

In 1969, an American biologist, Robert H Whittaker, proposed a fi ve-
kingdom system (see fi gure 7.61). Whittaker created two new kingdoms. 
One was Kingdom Fungi, which separated fungi from plants, and the other 
was Kingdom Monera, which encompassed all prokaryotic organisms, such 
as bacteria. Kingdom Protista, as was the case for Haeckel, was a ‘left-over’ 

group that accommodated those unicel-
lular eukaryotic organisms, such 

as Amoeba and Paramecium, 
that were not plants, animals, 

fungi or bacteria. 

fiGuRe 7.60 Sea pens belong 
to the class Anthozoa (‘fl ower 
animals’), a group that also 
includes anemones and corals. 
This sea pen (Sarcoptilus grandis) 
is a sessile (nonmotile) marine 
animal. It occurs in eastern 
Australian seas and grows to a 
maximum length of about 40 cm. 
Why does this not fi t the Linnean 
defi nition of an animal?
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Table 7.7 gives more detail of the five-kingdom scheme and compares the 
different kingdoms in terms of some key features, in particular, modes of 
nutrition. Which kingdom has members that display the greatest variety of 
obtaining energy and matter for living? How do fungi differ from plants? 

table 7.7 The five-kingdom system proposed by Whittaker in 1969

five kingdoms
Name Monera Protista fungi Plantae Animalia

Examples •	 cyanobacteria
•	 gram-positive bacteria

•	 Amoeba
•	 Paramecium
•	 Volvox

•	 moulds
•	 yeasts
•	 toadstools

•	 mosses
•	 ferns
•	 cycads

•	 sponges
•	 lobsters
•	 birds

Cell type prokaryotic eukaryotic eukaryotic eukaryotic eukaryotic
Other cell 
features

cell walls with  
complex carbohydrates

cell walls with 
chitin

cell walls with 
cellulose

no cell walls

Cell number •	 unicellular •	 unicellular
•	 colonial
•	 multicellular

•	 unicellular
•	 multicellular

•	 multicellular •	 multicellular

Reproduction •	 binary fission •	 asexual: mitosis
•	 sexual: meiosis

•	 asexual: mitosis
•	 sexual: meiosis

•	 asexual: mitosis
•	 sexual: meiosis

•	 asexual: mitosis
•	 sexual: meiosis

How energy 
and matter for 
life are gained

•	 autotrophic
– photosynthesis
– chemosynthesis

•	 heterotrophic

•	 autotrophic
– photosynthesis

•	 heterotrophic
– ingestion

•	 heterotrophic
– absorption

•	 autotrophic
– photosynthesis

•	 heterotrophic
– ingestion

Kingdoms: 5 to 6
In 1977, two researchers (Woese and Fox) published a scientific paper showing 
that members of Kingdom Monera included some microbes that were very dif-
ferent from typical bacteria. These researchers examined one group of micro-
bial species, termed methanogens, that produce methane (CH4) as a product of 
their metabolism (e.g. Methanococcus and Methanothermobacter).

Woese and Fox noted that: 
1. the cell walls of methanogens lacked the complex carbohydrate present in 

the cell walls of typical bacteria 
2. the base sequence of the ribosomal RNA (rRNA) of methanogens differed 

significantly from that of typical bacteria. 
Based on this, Woese and Fox proposed that Kingdom Monera be split into two 

Kingdoms, namely Eubacteria and Archaebacteria (later called Archaea), pro-
ducing a six-kingdom scheme. However, Woese recognised weaknesses in this 
scheme because its groupings gave the same weighting to differences between 
two eukaryotic groups, such as fungi and animals, as to differences between a 
prokaryotic group, such as bacteria, and a eukaryotic group, such as animals.

Domains: a new level of classification
In 1990, a more radical classification for all living organisms was proposed by 
Woese. To classify organisms, earlier schemes used physiological features, such 
as modes of nutrition, and structural features (morphological criteria), such 
as whether the organisms were built of prokaryotic or eukaryotic cells. Woese 
and his colleagues created a new classification scheme for the living world that 
used molecular criteria. They compared the order of bases in particular genes, 
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such as ribosomal RNA genes and other genes that code for specifi c proteins 
found in all organisms.

Based on these molecular comparisons, Woese proposed a radical new 
classifi cation system that organised living things into diff erent domains: 
•	 Bacteria 
•	 Archaea 
•	 Eukarya. 

Domains are a higher level of classifi cation than kingdoms. Each domain 
is subdivided into lineages or kingdoms shown as twigs branching from the 
main lines (see fi gure 7.62).

Purple bacteria

Gram-
positive
bacteria

Green
nonsulfur
bacteria

Bacteria

Archaea

Eukarya
Pyrodictium
Thermoproteus
Thermococcales
Methanococcales

Methanobacteriales
Methanomicrobiales

Halophiles

Animals Ciliates
Green plants

Fungi
Flagellates

MicrosporidiaCyanobacteria
Flavobacteria

Thermotogales

fiGuRe 7.62 Phylogenetic tree showing Woese’s three domains of life based on differences in rRNA sequences. Some 
of the lineages (kingdoms) within each domain are identifi ed. The order of the branches and their lengths are based on 
comparisons of rRNA sequences. (Woese et al., PNAS, vol. 87, pp. 4576–9, 1990)

Th e Woese molecular classifi cation: 
•	 recognises the importance of the prokaryote–eukaryote split in evolution 
•	 acknowledges the long evolutionary history and the separation of bacteria 

and archaeans 
•	 downplays the signifi cance of distinctions between multicellular eukaryotic 

groups. 
Th e Woese classifi cation system can assist in reconstructing major events in the 

evolution of life. Comparisons of the same gene from diff erent organisms allow us 
to infer that, after the fi rst forms of life evolved, a split occurred, perhaps at about 
3700 million years ago, to produce two distinct lines, the Bacteria line (shown in 
fi gure 7.62 in blue) and a second line (shown in orange). Th e second line later split 
to produce the Archaea line (shown in red) and the Eukarya line (shown in green).

Carl Woese’s three-domain system of classifi cation was revolutionary. 
Th is system recognised that, while all microbes were prokaryotic, not all 
microbes were bacteria. Molecular studies showed that, among the microbes, 
two major groups could be distinguished — typical bacteria that form 
the Bacteria domain and diff erent microbes that form the Archaea domain. 
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Th e third domain in the Woese classifi cation system puts all other organisms — 
animals, plants, fungi, protists — as part of the Eukarya domain. 

Th e Bacteria domain contains all the bacterial species and includes the 
cyanobacteria that were the earliest forms of life to capture the energy of sun-
light; the nitrogen-fi xing bacteria that can convert atmospheric nitrogen 
to ammonium (NH4

+); and the gram-positive bacteria, many of which are 
heterotrophic bacteria that cause diseases of humans and other mammals. 
Th is domain is typically ‘out-of-sight’, except when their presence is expressed 
through a disease such as cholera or bacterial meningococcal disease.

Th e Archaea domain contains all the archaeal species, many of which are 
extremophiles. Th ey thrive in extreme environments such as salt lakes, water 
more acidic than vinegar, water more alkaline than cloudy ammonia, oxygen-free 
mud of marshes and swamps. Th is domain includes the methane-producing 
archaea, known as methanogens, that produce methane from carbon dioxide 
and hydrogen and can survive only in oxygen-free environments such as swamps 
and in the stomachs of ruminant mammals such as cows (see fi gure 7.63). Another 
group of archaea are the thermophiles (heat-lovers) found in hot springs. 

Th e question is often asked: do archaea cause any human diseases? Recent 
research published in 2013 concludes that there is no evidence that archaea 
are responsible for any human diseases. 

Look around you — almost all the living organisms that you see are 
members of the Eukarya domain. Th is domain comprises all animals, 
plants, fungi and the various lineages of protists (see fi gure 7.64), and unlike 
the other domains is visible and not ‘out-of-sight’. 

key ideas

 ■ Classifi cation is the process of organising objects or data into groups 
according to one or more criteria.

 ■ Classifi cation schemes may be single-level or multi-level (hierarchical) 
depending on whether one or more criteria are used.

 ■ Taxonomists organise Earth’s biodiversity into a series of taxa that form a 
hierarchical, multi-level system.

 ■ Biological classifi cation begins with the species level and then moves 
through more inclusive groups such as families and phyla.

 ■ Levels of classifi cation above phylum are kingdoms and domains.
 ■ The three-domain system of classifi cation introduced in the 1990s organised 
all living organisms into three domains: Bacteria, Archaea and Eukarya.

Quick check

13 Identify whether each of the following statements is true or false.
a Classifi cation gives reproducible results when objective criteria are used.
b A phylum is a more inclusive group than a family.
c A species consists of just one particular kind of organism.
d Taxonomy is the study of the biology of particular species.
e Organisms in the same order must be members of the same genus.
f A taxonomist stated that she had published details of two new taxa so 

this must mean that she published details of two new species.
14 Identify two benefi ts that can result from classifi cation.
15 You are told that an organism is a member of class Bivalvia. List one 

prediction that you can confi dently make about this organism.
16 A plant fossil is found to have many features in common with modern 

eucalypts. Into which family should this fossil plant be placed?
17 Identify a classifi cation scheme that:

a groups all microbes in Kingdom Protista
b separates prokaryotes into two different taxa.

fiGuRe 7.63 Cows release 
methane as a result of the 
methanogens that live in their 
stomachs. 

Eukarya

Animals Ciliates
Green plants

Fungi
Flagellates

Microsporidia

fiGuRe 7.64 The Eukarya 
domain comprises many lineages.
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BIOCHALLENGE

Use the glass frog webink in your eBookPLUS, where you 
will fi nd the abstract of a scientifi c paper published in February 
2015 that describes a new species of glass frog found in the 
wet tropical forests of Costa Rica (see fi gure 7.65). This new 
discovery becomes the fourteenth glass frog species found in 
this small Central American country (see fi gure 7.66).

fiGuRe 7.65 The new species of glass frog fi rst described 
in 2015. In the popular press it has been likened to Kermit of 
The Muppets. (Image courtesy of Brian Kubicki, Costa Rican 
Amphibian Research Center)

Gulf of Mexico

Caribbean Sea

North Paci�c
Ocean

MEXICO

GUATEMALA

EL SALVADOR

HONDURAS

NICARAGUA

CUBA

JAMAICA

THE BAHAMAS

COSTA
RICA

PANAMA

C O L O M B I A

V E N E Z U E L A

HAITI DOMINICAN
REPUBLIC

fiGuRe 7.66 Map showing the 
location of Costa Rica in relation 
to nearby countries

Read the abstract and answer the following questions.
1 The description of the new glass frog species was 

based on six specimens collected at three different sites. 
Suggest why six specimens were used in preparing this 
description rather than a single frog.

2 a To what genus does the new glass frog belong?
b To what genus would those species that are most 

closesly related to the new species belong? 
3 How many features were identifi ed as distinguishing 

the new species from other species of glass frog?
4 a  The distinguishing features of the new species fall into 

three different categories. What are these three categories?

b In total, how many points of distinctive differences 
have been identifi ed?

5 a  A particular gene was used to measure the relationship 
of the new species to existing glass frog species. 
Which gene was this?

b Which other species of glass frog is most closely 
related to the new species?

c What degree of difference was found between these 
two species? 

d The gene in part (a) has a particular application in 
animals (outlined earlier in this chapter). What is this 
use?
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unit 1 Organising  
biodiversity

sit topic test

aOs 2

topic 2

Chapter review

Key words
Archaea domain
Bacteria domain
binomial system of 

naming 
biodiversity
cladistics 
cladogram 
class 
classification
criterion
cycads 
database
derived character 
dichotomous key 

DNA barcoding
DNA sequencing 
domain
ecosystem diversity 
endemic
Eukarya domain 
extinct 
extinction 
family 
field guide 
generic name 
genetic diversity 
genus 
gram-positive bacteria

herbarium 
identification 
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kingdom 
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microscopic 
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order 
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phylum 
polynomial system
primitive character 

protein sequencing 
raptor 
reference collection
scats 
species 
species diversity 
specific name
systematics 
tail fluke
taxon 
taxonomist
taxonomy
vascular plant

Questions
 1 Making connections ➜ Use of last eight of the 

chapter key words to draw a concept map. You may 
use other words in drawing your map.

 2 Applying understanding ➜ Consider the following 
items: cat, dog, cow, canary, budgerigar, kangaroo, 
emu, wallaby, platypus, elephant and tiger.
a Identify an objective criterion to divide these 

items into groups.
b How would you test whether your criterion is 

objective?
 3 Communicating your understanding ➜ Horses and 

donkeys can interbreed but their offspring, known 
as mules, are infertile or sterile. A student stated that, 
because they can interbreed, horses and donkeys must 
be members of the same species. Do you agree? Explain.

 4 Analysing information ➜ Three different organisms 
(D, E and F) belong to Kingdom Animalia.
 Animals D and E belong to the same class but to 
different orders.
 Animals E and F belong to the same genus but are 
different species.
 Classify the following statements as either ‘true’, 
‘false’ or ‘can’t say’.
a The degree of relationship between organisms D, 

E and F is equal.
b The first part of the scientific names of animals D 

and E must be identical.
c Animals D and F must belong to the same class.
d Animals E and F must belong to the same order.

 5 Evaluating alternatives ➜ For this question, use 
the ‘five kingdom’ classification scheme.
a Consider each statement in table 7.8 about 

organism X in turn and indicate what conclusions 
can be made about the kingdom(s) to which it 
might belong.

table 7.8 

Statement Possible kingdom(s)

Organism X is built of cells.

These cells each have a 
distinct nucleus bounded by a 
nuclear envelope.

These cells have cell walls.

These cell walls contain chitin.

b At which point may a definite decision be made 
about the kingdom to which organism X belongs?

c What prediction can be made about how 
organism X obtains the energy and matter 
required for living?

 6 Applying understanding ➜ Photographs of two 
different birds, A and B, are selected from a book 
Birds of the World. Photograph A is shown to a 
biologist who says: ‘It’s a magpie. Its scientific name 
is Pica pica.’ Photograph B is shown to a second 
biologist who says: ‘It’s a magpie. Its scientific name 
is Gynorhina tibicen.’ Could both biologists be 
correct? Explain.

 7 Using scientific conventions ➜ Examine the 
following list showing some whale species.

Common name Scientific name

fin whale Balaenoptera physalus

southern right Eubalaena australis

humpback Megaptera novaeangliae

sei whale Balaenoptera borealis
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  (refer to p. 317). Of the horse species concerned, 
one is living (Equus) and the other six are extinct.
a What name is given to this type of diagram?
b Identify one primitive (ancestral) character that 

would apply to this group.
c Are primitive characters used in cladistics 

studies? Explain.
d Does this diagram show the evolutionary history 

of the horses?
e What shared derived feature was used to group 

species P and Q?

E

~ Horse family

M

~ 3 toes

H

~ Large size

R

~ Bony bar behind 
   eye. Partially 
   elongated teeth

N

~ Fully 
   elongated 
   teeth

P Q

~ 1 toe

E = Eohippus
M = Mesohippus
H = Hypohippus
R = Merychippus
N = Neohippus
P = Pliohippus
Q = Equus (modern horses)

fiGuRe 7.68 

 10 Discussion question ➜ Consider that a previously 
unknown kind of monkey is discovered in a tropical 
forest. Identify at least three steps that might be taken 
in order to decide whether this monkey is a new 
species within an existing genus or whether it should 
be assigned to a new genus.

11 Biodiversity has many values. Th ese can be 
expressed in many terms such as:
•	 economic
•	 social
•	 aesthetic.
 One example of the economic value of 
biodiversity is the value of the role of pollinators, 
such as bees, in providing a service to agriculture. 
No pollinators = no crops.
 In discussion with your classmates, identify other 
values of biodiversity relating to any of the above 
categories.

a How many diff erent species are shown in this list?
b How many diff erent genera do these whales 

represent?
c Identify the two most closely related whales.

 8 Analysing information and making predictions ➜
Figure 7.67a shows a creeper-like plant (P). Th e 
undersurface of one of its leaves is shown in 
fi gure 7.67b. A diff erent plant (Q) is shown in 
fi gure 7.67c. 

fiGuRe 7.67 (a) Plant P
(b) Undersurface of leaf 
of plant P (c) Plant Q

(a) (b)

(c)

a Refer to the dichotomous key (fi gure 7.49) on 
page 312. On the basis of the information in 
fi gure 7.67a only, can plant P be identifi ed? 

b Using the information in fi gure 7.67b, can 
plant P be identifi ed?

c To what level of classifi cation have you identifi ed 
this plant? (Refer if necessary to appendix C.)

d List two resources you might use to make a more 
precise identifi cation.

e Now consider plant Q. You are told that it is a 
member of the same group as plant P. In light of 
this, what prediction can you confi dently make 
about its classifi cation?

 9 Applying your understanding ➜ Th e diagram in 
fi gure 7.68 shows the relationship between various 
horse species as produced by a cladistics study 
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