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Fire has been present on the Australian continent for millions

of years. As Gondwana broke up and Australia travelled

northwards from Antarctica the 'drying' of the continent began.

Many of our plants and animals have since evolved to survive

fire events and subsequently most Australian ecosystems have

developed very specialised relationships with fire.

FIRE IN THE AUSTRALIAN LANDSCAPE

The use of fire by the Aboriginal people for cooking,
warmth and in their management of ecosystems
introduced a new fire regime to the landscape.
The next wave of fire use on the Australian landscape
by Europeans continued to affect Australian ecosystems.
Nowadays the use of fire in land management has
many applications.

However the word 'bushfires' often conjures images of
fear and disaster, portrayed as an unmanageable force.
While bushfires are often studied at the secondary
school level as a 'hazard', is this the only way of
teaching about them? While there are many examples
of bushfires that have had adverse effects on
communities, the study of bushfires lends itself to a
more broader outlook than disasters alone.

'Fire in the Australian Landscape' aims to provide an
alternative option to the study of bushfire. Indeed to
gain an understanding of Australian ecosystems, it is
important to understand the role of fire within these
ecosystems. Through the study of fire and its behaviour,
and of case studies of flora and fauna and their
response to fire, we begin to see why fire behaves the
way it does and how Australian ecosystems respond
to fire. In studying the ways in which fire is used to
manage our environments, we observe the need for
the active use of fire in maintaining ecosystems and
also the way in which fire is used to provide protection
to settlements and to limit the spread and severity
of bushfires.

'Fire in the Australian Landscape' is a curriculum
resource suitable for senior secondary students of
environmental studies, biology, and geography.
This resource can be used to support curriculum
programs and the teaching on fire in the Australian
environment. To assist students who may not have
a scientific background, scientific terms that are not
explained within the text are defined in the glossary.
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FIRE IN THE AUSTRALIAN LANDSCAPE

History of fire
in the australia
landscape

Evidence in the fossil

records shows a distinct

relationship between the

appearance of humans in

the Australian landscape and

the occurrence of fire.

The presence of fire in the

landscape increased with

human occupation of the land.

Prehuman history of fire

Natural fires are fires that ignite without human
intervention. Palaeoecological evidence suggests that
natural fires were long part of the landscape before the
existence of humans. The ignition sources of such
natural fires were frequently lightning, and to a lesser
extent, volcanic activity or spontaneous combustion
associated with ground fires in coal seams.

The prevalence of fire in the Australian landscape seems
to be associated with the 'drying' of the continent in
the Tertiary period (refer to the geological time scale in
Figure 1), long before the presence of the Aboriginal
people, the first human beings to settle Australia.
The Tertiary period covers the geological time between
7 and 65 million years ago. It is characterised by the
break-up of Gondwana which found Australia isolated
and travelling northwards from Antarctica.

ERA PERIOD EPOCH TIME SCALE

in millions (10')

of years

Quaternary Holocene 0-2
Pleistocene

Cainozoic Pliocene 2-7
Tertiary Miocene 7-26

Oligocene 26-38
Eocene 38-54
Palaeocene 54-65

Mesozoic Cretaceous 65-135
Jurassic 135-195
Triassic 195-225

Paleozoic Permian 225-280
Carboniferous 280-345
Devonian 345-395
Silurian 395-435
Ordovician 435-500

Cambrian 500-600
Pre-cambrian 600-4500

Figure 1: Geological time scale



FIRE IN THE AUSTRALIAN LANDSCAPE

The Eocene epoch

Speculation about the presence of fire in Australia
during the Tertiary period is based on fossil evidence of
the vegetation and the study of past climates. During
the Eocene epoch of the Tertiary period, although
drifting northwards, Australia was still close to
Antarctica. Surrounding seaswere warm and according
to oxygen-isotope data, there was very little ice on
Antarctica. Fossil records suggest that, at this geological
time, most of southern Australia, including inland to
where Alice Springs now is, had a high rainfall and was
covered in rainforest vegetation with closed canopies.

The warm and humid climate of the Eocene rainforest
ecosystem inevitably reduced fire occurrence due to the
prevalence of vegetation with high fuel moisture
contents. However there is some evidence of fire events
within the Eocene, which may suggest that there were
periodic droughts. Such droughts would have resulted in
the drying of accumulated forest litter, providing
significant amounts of fuel for natural fires that were
probably ignited by lightning in thunderstorms.

The Miocene epoch

The end of the Eocene epoch saw the transition from
warm and humid conditions to global cooling. By the
late Miocene epoch Antarctica had developed an ice cap
and the Northern hemisphere was experiencing
glaciation. Australia, with its gradual movement
northwards to warmer conditions, was spared the
effects of the global cooling until late in the Miocene.
By this time the cooling effect produced a 'drying'
climate. Lesswater resulted in increased aridity in
central and northern Australia. The extensive rainforests
of southern Australia only remained in pockets and they
developed cool temperate rainforest characteristics.

The increased aridity of Australia within the Tertiary
period created conditions for an increasing diversity of
vegetation. For the first time the development of a new
ecosystem was evident in the fossil records: grasslands.
Through the late Tertiary and into the early Quaternary
period, aridity persisted in Australia and changed the
forest composition from wet and humid closed
rainforest to temperate, open woodlands.

The increased aridity facilitated the greater occurrence
of fire in the landscape, which brought further demise
to the ancient rainforests that were sensitive to fire.
This in turn created opportunities for the development
of more fire-tolerant sclerophyll forests and, the
increased frequency of fire also resulted in a greater
incidence of grassland vegetation.

But the transition from a wet, warm climate and
rainforests to a drier and more sclerophyll woodlands
and grasslands was irregular. During the Miocene to
Pleistocene epochs, there were intervals of wetter
climates. These fluctuations in climate patterns also
reflected changes in vegetation patterns. While wetter
climates persisted, the rainforests reinstated their
dominance before giving way to the sclerophyll
vegetation when the drier climates returned.

Figure 2: While the wetter climates persisted, the rainforests reinstated

their dominance on the landscape.
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1 history of fire
in the australian
landscape

History of Aboriginal use of fire

It is estimated that early hominids started using fire as a
tool about 1.5 million years ago. Humans appear to
have domesticated the use of fire at least 750 000 years
ago. Therefore it is assumed that the first Aboriginal
people brought their knowledge of fire with them in
their migration to Australia, which was at least 50 000
years ago. By this time Australia had a cooler and drier
climate.

Evidence in the fossil record shows a distinct relationship
between the appearance of humans in the Australian
landscape and the occurrence of fire. The presence of
fire in the landscape increased with human occupation
of the land. This increase continued to favour the
existence of the fire tolerant vegetation, the sderophylls.

Fire is intricately linked to the Aboriginal people and
their lifestyle. Fire was used as a tool for hunting large
animals and assisted in the gathering of smaller anlmal
species including insects. Such.activities are known as
firestick farming. Firestick farming included the
encouragement of grassland development in some
areas, and the regeneration of plant food. Fire provided
warmth and energy for cooking. One form of
communication used by Aboriginal people was smoke
signalling. Fire also played a significant role in spiritual
life, in myths and legends.

Aboriginal people used fire very skillfully, managing
various ecosystems to sustain their own survival and
that of future generations. Their use of firestick farming
techniques was controlled and specific to the task
executed. Many European accounts record their
perceptions of Aboriginal people's use of fire. Captain
Cook referred to Australia as 'this continent of smoke'
and time and time again he recorded in his journal 'we
saw smokes by day and fires by night upon the main ... '
(cited in Pyne 1991, p.136).

In 1883, a squatter within the Echuca district, in
northern Victoria, Edward Curr, described the
Aboriginals as:

Mere hunters, who absolutely cultivated nothing - the spear, the net

and the tomahawk - could have produced no appreciable effect on the

natural products of a large continent. Nor did they; but there was

another instrument in the hands of these savages which must be

credited with results which it would be difficult to overestimate. I refer

to the firestick; for the blackfellow was constantly setting fire to the

grass and trees, both accidentally and systematically for hunting

purposes. Living principally on wild roots and animals, he tilled his land

with fire and cultivated his pastures with fire; and we shall not,

perhaps, be far from the truth if we conclude that every part of New

Holland was swept over by a fierce fire, on an average, once every five

years. That constant and extensive conflagrations could have occurred

without something more than temporary consequences seems

impossible, and I am disposed to attribute to them many important

features of nature here. for instance the baked, calcined, indurated

condition of the ground common to so many parts of the continent,

the remarkable absence of mould which should have resulted from the

accumulation of decayed vegetation, the comparative unproductiveness

of our soils, the character of our vegetation and its scantiness, the

retention within bounds of our insect life (cited in Barr & Cary

1992, p.12)

Figure 3: Fire is intricately linked to the Aboriginal people and

their lifestyle. (Source: Dixson Library, State Library of New South Wales).
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Over the years, the effects of Aborigines and their use
of fire has been debated extensively. Initially, Aborigines
were seen to be the cause of the predominance of
Australia's vegetation with its fire-tolerant,
sclerophyllous characteristics. But this theory has been
challenged as increasing evidence shows that the drying
of the continent had established sclerophyll-dominant
vegetation prior to human occupation. It seems that the
relationships between fire, landscape and people are still
to be fully determined and understood.

Figure 4: Captain Cook referred to Australia as 'this continent of

smoke', recording in his journal, 'we saw smoke by day and fires

by night'.

European history of fire

The impressions Europeans had of fire in the Australian
landscape were diverse and coloured by their
backgrounds. Early explorers such as Captain James
Cook saw the great expanses of grasslands as he
journeyed into the land around Botany Bay, as amicable
as not unlike English gardens:

Country, which we found diversified with Woods, Lawns, and Marshes.

The woods are free from underwood of every kind, and the trees are at

such a distance from one another that whole Country, or at least great

part of it, might be Cultivated without being obliged to cut down a

single tree.... [the soils] ...except in the Marshes [produced a quantity

of] good Grass (cited in Pyne 1991, p. 155).

In time, some Europeans understood that these
grasslands were the products of the fire management
techniques used by Aboriginal people.

Other explorers found the fires a nuisance to their
exploratory journeys. Evans complained of the constant
Aboriginal fires burning off the 'Marks in the Trees' cut
by surveying parties (cited in Pyne 1991, p.154). Mitchell
found the Aboriginal fires difficult as their smoke and
flames obscured vision and prevented him 'from
ascertaining our latitude' (cited in Pyne 1991, p.154)

After the explorers came the opportunistic squatters,
the new pastoralists of the colony. These Europeans, like
Cook, saw the open grasslands as meadows ready for
their sheep, cattle and horses.

John Robertson, a squatter, described Victoria'S Western
District in 1840:

When I first arrived ... I cannot express the joy I felt at seeing such

splendid country before me ... the whole of the Wannon had been

swept by a bush fire in December, and there had been heavy rain in

January (which has happened, less or more, for the last 13 years), and

the grasses were about four inches high, of that lovely dark green; the

sheep had no trouble to fill their bellies; all was edible; nothing had

trodden the grasses before them. I could neither think nor sleep for

admiring this new world to me who was fond of sheep.

(cited in Barr & Cary 1992, p.l0).
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1 history of fire
in the australian
landscape

With time, early pastoralists and settlers initially saw the
advantages of adopting fire technology to assist their
management of the land. As Wentworth encouraged
prospective immigrants, 'the colonist has no expense to
incur in clearing his farm ... he has only to set fire to the
grass, to prepare his land for the immediate reception of
the ploughshare' (cited in Pyne 1991, p.179).

Once the Europeans found that fire could assist in
promoting grass growth, they used it indiscriminately for
economic gain and 'Australia has been burned and
grazed, and burned and grazed as it never was burned
and grazed before' observed Swain, a forester, in 1927
(cited in Pyne 1991, p.180). Furthermore Swain argued
that this increased burning pattern was detrimentally
affecting both soil and trees.

It was the European settlers and the very nature of their
lifestyle that made them fear fire the most. To them, as
is often the case today, the new settlements had most
to lose during the incidences of fire. Fire threatened life,
property and economic prosperity. Permanent
settlements were incompatible with fire. Firebreaks,
trenches, and clearing of timber between the cultivated
and 'wild' lands were methods used to prevent wildfires
from entering settlements. Reduction in fire frequency in
some areas as a result of actions by European settlers
changed the fuel dynamics and the composition of
flora.

When fire did ignite in these settlements or
surroundings, the subsequent fire intensity was more
damaging than the earlier less intense fires of Aboriginal
origin. These higher intensity European fires led to a
new range of effects on the flora and fauna.

The dominance of fire within the Australian landscape
meant that Aboriginal people, and the more recent
settlers needed to adapt to its prevalence. Eachculture
developed different fire regimes for the Australian
landscape that met its needs. These differences
conflicted with one another, however, and eventually
the European fire regimes displaced the Aboriginal over
most of the continent.

Figure 5: Early settlers after 'Black Thursday 7857 '. While some early

pastoralists saw the advantage of adopting fire technology to assist

their management of the land, for most, fire threatened life, property

and economic prosperity.
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2 What is fire?

Plant materials, such as

leaves, twigs and bark, are

the basic fuels of fires in the

Australian landscape.

Figure 6: Fire in the Australian

landscape

Fire is a chemical reaction

Fire is a burning chemical process. It is a chemical redox
reaction, known as combustion, that occurs when a fuel
is ignited by the application of heat in the presence of
oxygen to produce large amounts of heat energy.
Carbon dioxide, water vapour and other by-products
such as flame and smoke (carbon with water particles)
are also produced. The fire triangle represented by
figure 7 summarises the prerequisites for starting a fire:
fuel, oxygen and heat. Fire is an exothermic chemical
reaction because it gives out heat.

Figure 7: The fire triangle

Combustion is also a special type of oxidation reaction
because large amounts of heat energy are rapidly
released from the fuel. Most oxidation processes, such
as rusting, occur over relatively long periods of time and
do not release significant amounts of heat energy.

Three phases of the combustion process can be
recognised in a fire and are represented in figure 8.

1 pre-heating and ignition phase: drying and pre-
heating of fuel and decomposition of fuel is initiated
but reaction is not self-sustaining;

2 flaming combustion phase: decomposition of fuel is
completed and flaming gasses occur in a self-sustaining
reaction; and

3 glowing combustion: vapours produced by
combustion are consumed in the burning and the
residual charcoal burns away until only mineral ash
remains.
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pre-heating
fuel gas
cloud

ignition

Plant materials, such as leaves, twigs and bark, are the
basic fuels of fires in the Australian landscape. Cellulose
is the major component of plant matter and is the
principal substance that burns in the combustion
process. For combustion to take place there must be
high temperatures and an ample supply of oxygen.
The combustion of cellulose results in the production of
carbon dioxide, water vapour and large amounts of heat
energy. The complete combustion of a molecule of
cellulose under optimum conditions may be expressed
by the following chemical equation:

fuel
mixture j

reaction
zone

tlamming
combustion

charring

reaction zone
glowing
combustion

charcoal and ash

Figure 8: Stages of combustion

C6H100S + 602
cellulose oxygen

6C02 + 5H20 + heat
carbon water
dioxide

Once a fire is present in the landscape, the chemical
reactions become increasingly more complex than the
one represented by the above chemical equation
because other compounds that exist in wood such as
lignin, volatile oils, resins and waxes, enhance the fuel's
flammability.

Fuels and fire behaviour

Vegetation, fuel types and fuel size

The type of vegetation within an ecosystem determines
the nature of the fuels available. The basic fuels within
ecosystems such as forests and woodlands, includes
leaves, twigs, bark and small branchwood (up to 6mm
in thickness). This is known as fine fuel. Fuel size in
these ecosystems is relatively large compared to fuel size
in grasslands. The initial ignition of the larger fuel
sources, like branches, is slow and occurs on the
surface. Fine fuel generally burns within the first 2-3
minutes of the fire passing; other heavier fuels may
ignite in that time but take longer to completely
combust or stop burning. The presence of heavier fuels
which remain unburnt, after the passage of fire, means
that combustion was incomplete or slow.

By contrast, grasslands are characterised by a fine fuel
dominated by grasses and herbaceous plants. This fine
fuel ignites almost instantaneously and undergoes
complete combustion.

Fuel availability

Fuel availability refers to the proportion of fuel, usually
fine fuel, which will burn in a fire. It is affected by a
series of factors including variations in the fuel's
moisture content, flammability, thickness, degree of
compaction and the fire intensity.
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2 what is fire?

Compaction of fuels can lead to the slowing of
combustion because the fire does not have an ample
supply of oxygen to sustain the chemical reaction. Fire
in peat beds is a good example of slow combustion.
Another example is a slow combustion fire within a
forest with leaf litter that is highly compacted by its
own weight. In contrast, loosely compacted fuel burns
easily as there is ample oxygen to support the
combustion process. If however, the compaction is too
loose, and fuel particles too far away from one another,
ignition of fuel may be inhibited as there is insufficient
pre-heating and combustion does not proceed. The heat
from one burning particle is insufficient to allow ignition
of the next.

A fire has three developmental stages:

• the initial build-up stage;

• the transition stage; and

• the peak stage.

The initial build-up stage of the fire is relatively short,
generally lasting between a few minutes to half an hour.
In this stage the fire has a characteristic circular shape,
narrow flame depth and flames which lean inwards
from the perimeter. As the build-up of heat occurs,
more fuel is consumed and the fire builds in size. At this
stage the fire is dominated by environmental factors
such as wind speed, radiant heat and convection (the
transfer of heat by the movement of a heated body
such as air).

The transition stage is the period where the forces
within the fire perpetuate it and affect the fire's
behaviour significantly. This can involve convection
activity, downdraught winds or greatly increased
combustion rates. This stage is wind driven and the fire
is characterised by an elliptical shape with development
of a distinct head fire in response to wind or slope .
There is pre-heating of fuels in front of the fire, leading
to a quicker combustion rate.

The peak stage is dominated by a well-developed or
towering convection column. Within this stage the fire
can still be wind driven.

Factors affecting fire behaviour and intensity

Fuel, weather and topography affect fire behaviour.
These factors determine the intensity of the fire.

Fuel

The moisture content in the vegetation and other fuels
varies significantly and influences fire behaviour. The
presence of water within plant matter, whether alive or
dead, suppresses or slows down combustion as more
heat is required to dry out the fuel to a level where it
will burn. Moisture. content of dead material depends
on seasonal and daily weather conditions. The moisture
content of live plant tissues varies with:

• seasonal weather conditions;

• moisture content of soil;

• the aspect;

• the stage of the plant life cycle; and

• different parts of the plant.

The pre-heating of fuel is a prerequisite for its
combustion. Hot air currents from a ground fire heat up
higher fuel, particularly in the higher shrub layers and
tree canopies as the hot air moves upward. This pre-
heating phase reduces the moisture content of elevated
fuel and aids ignition which, in turn, increases the rate
and the intensity of the combustion process. Heat
radiating from the flames is also important in preheating
the fuels.

As discussed, fuel size and its availability, moisture
content, and spatial arrangement (eg. compaction of
fuel) all contribute to the fire behaviour. For example,
fuel condition in a grassland ecosystem, in summer,
consists of a high amount of fine fuel that is dry due to
its relatively loose arrangement. It will ignite and
combust easily.

Fire behaviour

Fire behaviour is the manner in which fire burns and
spreads. To those trying to control a fire, the most
important aspects of fire behaviour are rate of fire
spread, flame height, fire intensity and the likelihood of
spot fires developing.
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Weather

High temperature and associated low relative humidity
increase the burning potential as they promote the
drying of fuel, thus reducing the amount of preheating
required. Consequently the summer season with its hot
and dry weather encourages combustion and may
increase the fire intensity.

Wind, especially wind speed, is a major factor affecting
fire behaviour. Wind can change the flame angle so that
flames spread to unburnt fuel and also increase pre-
heating of fuel by radiation. Wind blows hot air onto
new fuel, that is, it is an important mechanism of
convection. Wind can carry burning embers in front of
the main fire, which also accelerates the fire spread.
This is known as 'spotting'. Wind speed is higher in an
open grassland than in a forest, because the canopy of
the forest ecosystem produces resistance and the wind
speed decreases. Thus grass fires tend to travel more
quickly than forest fires.

In the natural environment, wind speed and direction
are often variable and gusty which causes a fire to burn
erratically, making it extremely dangerous for
firefighters. Variable wind speed and direction can
rapidly change a fire from the initial build up stage
(slow and almost dormant fire) into the transition and
peak stage (wide mass of flame).

Changes in wind direction are also important to fire
behaviour. In particular, changes in wind direction as a
result of an approaching cold front frequently increases
fire spread under a new set of conditions. A new fire
front often develops. In these cases a flank fire may
become a head fire. Lives of firefighters are endangered
when they are caught in such a situation. Often the
new head fire will be significantly larger than the
original one (Figure 9).

Each locality has its characteristic winds. Generally
winds that blow from the centre of the continent are
hotter and drier than those which blow from the sea.

G
NORIlI

OTWAYSFIRE
16Febr~ry1983

o 1 2 1 4 5km
I I I I I I

Figure 9: Fire spread showing effects of changes of wind direction.

Otways, Victoria, 16 February 1983.

Figure 10: In the natural environment, wind speed and direction are

often variable and gusty which causes fire to burn erratically
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2 what is fire?

Topography

The slope of the land also plays a critical role in
determining the rate of fire spread, especially in the
initial stages of a fire. The rate of fire spread increases
significantly up a slope because it exposes the upcoming
fuel to the pre-heating stage, thus preparing it to ignite.
The upward slope exposes fuel to both convective and
radiant heat as shown in figure 11. On a downward
slope, by contrast, fire spread is decreased because the
fuel ahead is not exposed to the optimum pre-heating
conditions prior to the main fire. Therefore it takes
longer for the fuel down the slope to pre-heat and
ignite.

The direction of the slope, or its aspect, also affects fire
behaviour. The slope's aspect influences the plant
species found growing there as well as the moisture
content of fuel. A slope with a southerly aspect tends to
receive less sunlight and tends to retain more moisture
than one with a northerly aspect. Consequently, the
southerly aspect will potentially have relatively less
vegetation available to the fire as the fuel would have a
higher moisture content. This will impede the
combustion process.

~ '" fire brands
/'

I /

Figure 11: Fire spread and intensity increased on an upward slope

through heat radiation and convection.

Types of fires

There are three major types of fires, as defined by
fuel strata:

Ground fires

Ground fires are slow smouldering fires with no flame
and little smoke, that burn the organic material found
below the surface of the earth (eg. a peat bed or brown
coal seam).

Surface fires

Surface fires are common in Australia and burn the leaf
litter and low-lying vegetation. Surface fires include
grass fires and fires that burn the understorey of forests
and woodlands.

Crown fires

Crown fires burn through the canopy of the overstorey
(layer). The crown needs to be preheated by a surface
fire before the surface fire can spread to the tree tops.
A crown fire may burn independently for short distances
but will usually drop back to a surface fire. Spot fires are
created when burning bark and leaves are carried ahead
of the main fire by wind for distances up to seven
kilometres or longer. The distance is related to the type
of burning ember and the wind characteristics.
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Fire regimes

The term 'fire regime' can be used to describe the
characteristics of a particular fire and to summarise the
characteristics of the fires that typically occur within a
specific area.

The fire regime influences the composition of the biotic
components (ie. flora and fauna) of the area and also
affects abiotic components such as soil. A change in
one or more of the variables within the fire regime of an
area can potentially change the composition of the
biotic components and the properties of the abiotic
components of the ecosystem.

A fire regime has four major variables:

• fire frequency - the period between successive fires

• fire intensity - the severity of individual fires

• fire season - time of year when a fire occurs

• extent and patchiness of a fire - the size of the fire
and proportion of the area burnt.

Fire frequency

A site's fire frequency is determined by two factors: the
time required to build up enough fuel to carry a fire
across the area and the frequency of ignitions.

Fire frequency can be described by the fire interval and
fire period. The fire interval refers to the length of time
between one fire and the next. In contrast, the fire
period is the fire interval averaged over a number of
fires for a specific area.

Each region is characterised by its own fire frequency.
The region's climate and the distribution and life cycle of
vegetation are contributing factors to fire frequency.

Fire intensity

Fire intensity indicates the severity and potential damage
of a fire. Fire intensity reflects the difficulty of attempts
to suppress it. A fire varies in intensity depending on
wind speed, temperature, humidity, slope, the dryness
of the vegetation and the amount and arrangement of
the fuel available to be burnt within the ecosystem.

Fire intensity is the heat output from a standard length
of a fire front. It is measured by knowing the amount of
fuel burnt in an area and the rate of the calculated fire's
spread.

I

The intensity of a fire is expressed as the rate of energy
released, ie. kilowatts (kw) per metre, and can be
calculated using the equation:

1= Hwr/600

where I = the fire intensity in kilowatts
per metre (kwlm)

H = the heat yield in kilojoules per kilogram
(assumed to be a constant of 16000 kJ/kg)

w = the weight of available fuel in
tonnes per hectare (tlha)

r = the rate of forward spread in
metres per minute (mlmin)

In the equation, H is a constant and represents the
average value for the heat yield from burning a natural
cellulose fuel. While the heat yield from the burning (H)
is affected by moisture content of the fuel, the average
value of 16 000 kJ/kg is used for the calculation of fire
intensity. This is possible because the other variables,
especially r, compensate for any major deviations in fuel
moisture content. For example, if the moisture content
in the fuel is high, then r, or the rate of forward spread
will be slower due to more heat energy required to pre-
heat the fuels.

To have an understanding of the heat energy released in
a fire, it is useful to have a basis for comparison. One
bar of a domestic electric radiator releases one kilowatt
of heat energy. If a fire is releasing heat of 500
kilowatts per metre, this is the equivalent of the heat of
500 one bar domestic radiators for each metre of the
fire front.

Prescribed burns, conducted by land management
agencies, are used to reduce the amount of
undergrowth or bark as fire prevention measures in
certain areas. Such prescribed burns are examples of
low intensity fires, which generate energy at a rate of
500 kw/m. A bushfire on a hot, windy day is typical of a

high intensity fire. Under the most extreme conditions , ••••
forest fires can get to an intensity of 100 000 kw/m as ~!1(<II

occurred in some places in south-eastern Australia on
Ash Wednesday in 1983.



FIRE IN THE AUSTRALIAN LANDSCAPE

~ what is fire?

Fire season

Fire season relates to the time of the year fires have
occurred. The season in which a fire occurs can' affect
fire intensity, the stage of plant and animal life cycles,
and weather conditions following the fire, when the
vegetation is regenerati ng.

Extent or patchiness of a fire

The extent and patchiness of the fire is influenced by
many factors of fire behaviour. The diversity of a site's
characteristics such as landscape, vegetation, climate
and fire frequency decreases the chance of a uniform
fire burning within the area. For example, an area with
high landscape diversity which includes ridges, gullies
and lakes is more likely to see fires having a patchy or
mosaic effect because these topographic features often
act as natural fire breaks.
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Australian continent for
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3 ecological
responses
to fi re

The long-term effect of fire

on the landscape varies

according to sequences of

events, rather than to a

single fire event.

Australia's flora and fauna

use varying techniques in

their response to fire.

Effects of fire regimes

The variables of a fire regime - frequency, intensity,
season, and fire extent - influence the effects on flora
and fauna. The survival of fauna is often determined by
the variables of the fire regime in the following order of
importance:

fire intensity> fire extent> fire frequency> season.

The survival of the fauna also usually depends on the
effects of fire on the flora. The fire regime variables that
affect flora range in the following order of importance:

fire frequency> season> fire intensity.

Consequently the effects of fire on flora and fauna are
interrelated, as the fauna are dependent on the flora for
food (and shelter) either directly or indirectly. One way
this can be illustrated is by using the concept of the
food chain. If the primary producers, the plants, are
totally destroyed by the fire event then the primary
consumers that directly depend on the plants for their
food (and often shelter) will not survive in the post-fire
conditions unless they can migrate into another
appropriate habitat. Once the primary consumers are no
longer in the habitat the secondary consumers will not
survive the post-fire conditions as their food source has
been eliminated. The tertiary consumer (eg. an owl) may
initially find the post-fire conditions beneficial because it
can hunt its prey (the secondary consumer) easily
because it is in a weakened state from lack of food or is
exposed with little or no vegetation surviving in the
habitat.

Figure 12: The post fire conditions may be beneficial to some animals

such as the owl, as its prey is not only weakened from lack of food

but is exposed with little or no vegetation cover.
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Fire frequency - effects on flora

Fire frequency can significantly affect the survival rate of
flora within an area. Data on major fires within Australia
have contributed to the mapping of fire frequency for
Australia as shown in figure 13. The map illustrates the
mosaic effect of fire occurrence within Australia.

Figure 13 shows that relatively frequent major fires
(everyone to five years), occur in grasslands, whether
they are in the north or south of the continent. In
contrast, infrequent fires are associated with the wetter
rainforest regions and arid regions.

Fire frequency significantly affects a plant's growth
cycle, as illustrated in figure 14. In an undisturbed state,
an organism goes through the growth cycle represented
by the solid line in figure 14. Each stage of the cycle
takes a particular length of time. If a fire occurs before
the organism is able to reproduce itself and kills all
other existing plant organisms of the same species, then
the species will die out within the area (Figure 14 -.
dotted line 'a'). To cope with the inevitability of
repeated disturbances like fires, droughts and storms,
most plants have developed strategies to regenerate
successfully. These strategies are called adaptations and
are discussed later in this section.

For species that reproduce by seed, it can take up to
seven years of growth for mature seed to develop ego
some Banksia species. If a fire reoccurs after only four to
five years, the immature plants cannot reproduce and
that species will therefore be eliminated from the burnt
area (Figure 14 - dotted line 'a'). Prickly Moses (Acacia
pulchel/a) and heartleaf poison (Gastrolobium bilobum)
are other examples of plants which rely on seed
regeneration after fire and prefer the high intensity fires
of the summer and autumn rather than spring fires.

·------- <1 .-----i

Figure 14: Fire frequency and growth cycle

3-10
5-15

• 1 - 5 years• 3 -10 years

II 5 - 20 years
10 - 50 years

Fire frequency, for major fires across Australia,
are expressed as a range in years as indicated
within each color band.

Map adapted from 'Fire and the Australian Biota' (1981)

Figure 13: Fire frequency in Australia
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3 ecological responses
to fire

Fire stimulated germination of soil stored seed can cause
bursts of species previously not present for some time.
Areas which have been unburnt for long periods of time
may contain viable seeds of parent plants which have
died before these seeds were able to germinate.

If a species reproduces by sprouting from its base or
stem, it will generally resprout no matter what interval
occurs between fires. There is some evidence, however,
that if fires are too frequent, ego everyone to two ears,
some plant's regenerative potential is weakened as they
do not have time to replenish the energy reserves
expended in replacing the above-ground organs. Such
species may be replaced by other species that can better
survive frequent fires.

If the species requires fire at some stage in its life cycle,
and fire doesn't occur, then the species is likely to die
out in the area. In this instance, the longer-lived species
will dominate the area and the total number of species
may decline.

Figure 15: Some ecosystems require fire at some stage. In this

area, six years after a fire, all species that had been recorded

before a fire were present again.

High frequency fires can result in the development of a
grassy understorey as other understorey species are not
given a chance to reach maturity. Long fire intervals (eg.
greater than 50 years) may also result in a grassy
understorey in some forest ecosystems.

Fire frequency - effects on fauna

The intensity of the fire most significantly determines
the immediate survival of fauna within an area.
However even if animals survive in the short term, they
cannot live for long without their habitat, ie. the floral
communities. Consequently the long-term survival of
animals in an area after a fire is dependent on the
recovery of the vegetation, and this is affected by fire
frequency. The frequency of fire will affect the re-
establishment of populations and several short fire
intervals may substantially reduce population numbers.

Studies to date into the effects of fire on invertebrates
are somewhat inconclusive. The lack of adequate data
on variables such as fire frequency and intensity, as well
as poor data on pre-fire invertebrate populations make
it difficult to enable comparisons to be made with post-
fire data. Generally, many insects and spiders are killed
by high intensity bushfires, especially in a fire that
destroys the bark and litter layer in which they live.
Flying insects have a higher chance of survival as they
can move away from fire and then back again after the
fire has passed.

Some species of birds can tolerate frequent fire intervals
because the food sources they require, and subsequent
breeding requirements are still available after the fire
episode. In some heathland populations, the splendid
fairy wren (Malurus splendus) and the yellow-rumped
thornbills (Acanthiza chrysorrhoa) are able to nest in
regenerating shrubs immediately after fire, although
breeding may be delayed. The white-browed scrubwren
(Sericornis frontalis) and the white-cheeked honeyeater
(Phylidonyris nigra) do not nest for two years after fire
and inland thornbills (Acanthiza apicalis) do not nest for
five years after fire. For heathland bird populations, fire
free frequencies of at least ten years may be required to
maintain these populations.
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Figure 16: Some species, such as the Mallee fowl, need long fire-free

periods and large unburnt areas to breed successfully

Other species such as the Mallee fowl (Leipoa ocel/ata)
need long fire-free periods and large unburnt areas to
breed successfully (Figure 16). Species such as
honeyeaters (Meliphagidae family), which can migrate
between different ecosystems, are less affected by fire
frequency as long as their food sources of nectar and
insects are not interrupted.

Although little work has been done on the effects of
the frequency of fires on small mammals, the effect of
two consecutive fires in 1972 and 1980 at Nadgee
Nature Reserve in NSW enabled some observations to be
made. Rodents such as swamp rat (Rattus lutreolus) and
bush rat (Rattus fuscipes) peaked in numbers after five
years of the fire, then declined. Brown antechinus
(Antechinus stuartii) regained post-fire abundance levels
after five years (figure 17). After the second fire, species
recaptured were low in numbers, however species
diversity and abundance increased as the habitat aged.

Small mammals have varied responses to fire and
recolonisation is closely related to species' life history
characteristics along with successional changes of the
vegetation. Species such as the eastern chestnut mouse
(Pseudomys grailicaudatus) recolonises early in the post
fire period, while dusky antechinus (Antechinus
swainsonii), which requires dense ground cover, exhibits
low population numbers for up to six years after fire.
Species such as dusky antechinus (An tech in us
swainsonii) and swamp antechinus (Antechinus
minimus) require older vegetation, with a fire frequency
possibly between 8-20 years.

The western grey kangaroo (Macropus fuliginosus) and
the western brush wallaby (Macropus irma) both favour
frequently burnt forest. Macropods such as the woylie
(Bettongia penicil/ata) and the tammar wallaby
(Macropus eugenii) in West Australian forests have been
shown to be 'fire dependant'. The food and other plant
species that they depend on are in turn dependent on
certain fire regimes for regeneration and maintenance.

Other species such as Leadbeater's possum
(Gymnobelideus leadbeateri) seem to require even
longer fire frequencies (greater than 50 years) to meet
their needs for survival. In the case of Leadbeater's
possum however, while it needs old trees with hollows
for nesting purposes, it also requires young wattle trees
for feeding purposes. For possums such as the northern
Australian brushtail possum (Trichosurus arnhemensis),
a high fire frequency will also generally result in low
population numbers.

Arboreal species like koalas and some ground species,
such as echidnas, are not greatly affected by fire
frequency, provided they can survive an individual fire
and their food sources are available. The frequency of
low intensity fires is generally irrelevant to arboreal
species but they may take a long time to recolonise a
site after a high intensity fire. The creation and / or the
decline of hollow-bearing trees by repeated fire regimes
can be a complicating factor here however.

Figure 17: Small mammals such as the Brown Antechinus, have

varied responses to fire.
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Case study: Common dunnart

The common dunnart (Sminthopsis murina)
(Figure 18) is an Australian native carnivorous
dasyurid that feeds on a diet of invertebrates such
as beetles, roaches, cricket larvae, and spiders.
It inhabits the open forests, woodlands and
heathlands of south-eastern and south-western
Australia. The common dunnart is most successful
in habitats that are drier and where vegetation
biomass is low.

Figure 18: Common dunnart

The common dunnart is nocturnal, spending its day
resting in a cup-shaped nest of dried grass and
leaves built in a hollow log, a clump of grass, or
grass-tree (Xanthorrhoea spp.). Despite its name,
the common dunnart is rare, as listed under the
Victorian Flora and Fauna Guarantee Act 1988. In
its preferred habitat however, the species can be
abundant. The common dunnart is found most
commonly in habitat that is undergoing a mid-
successional stage. This stage occurs in heath and
forest habitats that have regenerated for two to
five years after fire. The common dunnart
population peaks under these conditions at about
four years after the fire incident.

The common dunnart is adapted to take advantage
of the relatively harsh post-fire conditions. Its
adaptations to survive open forest and heath
habitats that are regenerating from fire include:

• polyoestrus (the ability for females to breed
more than once in a breeding season);

• long breeding season;

• large litters;

• rapid growth and development of young;

• reduced parental care; and

• opportunistic and flexible to exploit the harsh
conditions of early-successional stages of a
regenerating habitat.

The breeding season of common dunnarts occurs
from late August to late January, with lactation
extending to the end of March. This long breeding
season increases their numbers under optimum
conditions. Females exhibit polyoestry, which
enables each female to breed up to three times
within a season, although it is more common for
females to successfully rear only one to two litters
in any season. Each adult female may give birth to
a large litter of ten offspring. The parental care of
lactation and weaning stages is relatively
shortened compared with similar-sized dasyurids
such as Agile Antechinus (Antechinus agilis).
Growth and development of young is also
relatively rapid, allowing them to reach
independence early.

Insects, the major component of the diet of
common dunnarts, are in abundance during late
spring to summer. This coincides with the breeding
season of the common dunnart, so there are
plentiful food resources for a lactating mother and
the weaned offspring.

The common dunnart prefers habitats with a
relatively open understorey. The species does not
supplement its diet with plants, so it can survive
periods of low plant diversity. These conditions are
prevalent in habitats undergoing early to middle
stages of regeneration after a fire event.
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Fire intensity - effects on flora

Living plant tissue is generally killed at temperatures of
around 60°(. Fires burn at temperatures up to
thousands of degrees Celsius. Therefore the parts of
plants that are exposed to the flame, or the heat of the
flame, are either burnt or killed. If a burnt area is
inspected a day or two after the fire, it is clearly seen
that the leaves above scorch height have escaped death
from the heat of the fire below. The higher the fire
intensity the higher the scorch height. The scorch height
is roughly three times the flame height.

Bark is a good insulator and if it is thick enough, as it is
on many of the Australian native trees, the cambium
beneath the bark will survive even the most intense
fires, and subsequently resprout. Table 1 summarises the
effects of fire intensity on native flora.

Table 1: Summary of the effects of fire intensity on native flora

Component of ecosystem Effects of low intensity fire Effects of high intensity fire

Surface soil disruption of decomposers
in the soil. Reduced litter
decomposition and nutrient

some chemical changes

Humus and litter partially consumed totally consumed

Fallen limbs and logs most not consumed mostly consumed

Grass and other vegetation above-ground organs
totally consumed

above ground most consumed

Shrubs short shrubs consumed or killed above-ground organs
consumed

Tree trunks loose and surface bark consumed loose bark and surface
bark consumed
at lower heights

Tree canopy leaves unaffected, maybe some
canopy scorch

leaves consumed or killed

Distribution of burnt area many unburnt patches few un burnt patches

Note:

High intensity fires can aid the development of hollows in eucalypts.

Intense fires remove limbs and logs on the ground, but just as many can fall on the ground again within four years.

Intense fires often result in the development of a shrubby understorey because germination of
buried seed is stimulated. (Source: O'Brian 1993)
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Case study: Ground parrot

Figure 19: The ground parrot

The ground parrot (Pezoporus wallicus) is one
of the few parrot species in the world that has
adopted a cryptic life-style, feeding from the
ground among dense cover so that it is rarely seen
until flushed. It is classified as rare (CNR
Threatened Fauna in Victoria-1995) and listed
under Victoria's Flora & Fauna Guarantee Act 1988.
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Source: Simpson & Day (1991).
Field guide to the birds of Australia. 6th Edition

Figure 20: Distribution of ground parrot

The ground parrot inhabits the temperate fringe of
southern Australia, from south-east Queensland to
western Victoria, Tasmania and the far south-west
of Western Australia (Figure 20). It has disappeared
from many parts of its range including South
Australia. Its main habitats are treeless heaths and
swampy sedgelands within 50 km of the coast. Its
diet includes seeds from sedges and shrubs, with
the former apparently preferred.

Fire plays a significant role within heathland and
sedgeland communities, and it helps determine the'
suitability of these habitats for ground parrots.
Little food or cover is available in the first few
months after a fire, but ground parrots often
recolonise within three years, as habitat
regenerates. Ground parrots appear to reach their
highest densities at various times after fire,
depending on the local characteristics of soil, plant
communities and climate and their influence on
food supply. For example, recent studies in
Queensland have suggested optimum fire intervals
of 5-8 years, whereas southern studies have
suggested optimum intervals of 10-20years. As
heaths grow older, tall shrubs tend to crowd out
many of the favoured sedges. Studies have shown
that in some habitats ground parrots decline to
local extinction 20-25 years after fire, but in more
sparsely vegetated heaths and swampy sedgelands
they can persist for many decades or indefinitely.
In the first case,planned fires can help restore the
balance of sedges over shrubs, renewing habitat
for ground parrots after a few years.

Despite their reluctance to fly, ground parrots are
strong fliers and young birds in particular may
disperse many kilometres from their natal
territories, to colonise new habitats.

Although regular burning may be necessary to
maintain populations in some habitats, as
discussed above, burning too frequently can
degrade the heathland plant communities and
cause long-term changes that render them
unsuitable as habitat. Hence a delicate balance is
needed to maintain suitable fire regimes that
maintain habitat in the long term.
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Fire intensity - effects on fauna

Invertebrates of the litter and trunk surfaces survive a
low intensity fire better than a high intensity fire. In low
intensity fires, less litter depth is burnt and more areas
are left unburnt. Airborne invertebrates are more mobile
and have a better chance of surviving a severe fire, but
many die in the heat. Aerial invertebrates recolonise
burnt areas more rapidly than invertebrates living in the
leaf litter, as they can more readily invade from
surrounding unburnt areas.

Few, if any, deaths of birds are expected in a low
intensity fire. However many birds, whether they are
small or large, can be killed in extensive high
intensity fires.

Few ground or arboreal mammals die in low intensity
fires. Many deaths and injuries occur in high intensity
fires as animals try to outrun the fire front, or are
asphyxiated by smoke or run back through low flames
onto hot ground. Many survive by seeking refuge in
burrows, tree hollows, gullies or patches that have
not burnt.

Immediately after the fire, mammals have little
vegetation cover in which to shelter and are more
exposed to predators. Populations of predatory species
such as dingoes, foxes, cats and raptors
opportunistically increase in burnt areas. Bats take
advantage of exposed insects. As the vegetation
recovers, browsing or grazing species such as possums,
feathertail gliders (Acrobates pygmaeus), kangaroos and
wallabies (Macropodiae family) recolonise and thrive on
the young and highly nutritious foliage.

Seasons and fire - effects on flora

The survival of many species of plants and animals is
influenced by the season in which the fire event occurs.
The long-term survival of fauna depends on the effect
of fire on vegetation as this affects the ability of the
habitat to provide food, shelter and breeding sites
for animals.

If a fire occurs during the flowering or fruiting stages of
the life cycle of a plant, the plant may be killed and will
not produce seed that year. Some perennial species will
resprout and can reseed later in the year, but annual
species cannot.

If kangaroo grass is burnt in spring or early summer, it
regenerates vigorously during the summer. If the fire
occurs after seed has been produced, its survival on site
is even more assured.

Spring and early summer fires are usually cooler or less
intense because there is more moisture in the system
than there is later in summer. Such 'early' fires may be
less damaging to individual plants. However active shoot
growth may be interrupted and germinates often won't
survive if the following conditions include a period
of drought.

Summer or autumn fires are generally more intense and
more destructive. However, the heat penetrates further
into the soil and can encourage the germination of
buried seed. In addition the heat reaches higher into the
canopy, which encourages greater seed-fall from woody
cones and capsules, resulting in denser seedling
regeneration, but there is also a greater scorch height.
However following these fires there is more likely to be
rain during the plants regeneration period.

It has also been observed that most species successfully
recover from a one-off fire at any time of the year.
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Case study: Kangaroo grass - Grassland

The human-induced burning of grassland is a
practice considered necessary for the conservation
of many native species within the grassland, in the
absence of any natural fires. Burning is applied to
grasslands either in autumn or late spring. Fire
season and fire frequency have significant
influences on the recovery of the grassland
community.

In kangaroo grasslands (Figure 20), (Themeda
triandra) is the dominant species. Kangaroo grass
is also the tallest species and so it comprises the
canopy for the ecosystem.

Kangaroo grass is a perennial grass that forms a
large tussock with purple-green foliage in spring
that turns a rusty-red in summer. The large flower
heads are produced between September and
March. Kangaroo grass grows mostly during the
warmer spring and summer months.

In the grassland, the spaces between the individual
kangaroo grass organisms are known as
intertussock spaces. These intertussock spaces
contain diverse species of herbaceous forbs such
as everlasting daisies (Helipterum manglesii),
orchids (Orchidaceae family) and lilies (Liliaceae
family). The presence of intertussock forbs creates
biodiversity in the grassland ecosystem.

A late spring burn of the grassland ecosystem
reduces the canopy of kangaroo grass resulting in
larger intertussock spaces. Intertussock forbs take
advantage of the increased light in the immediate
(first six months) post-fire environment. The most
successful reproductive strategy after the late
spring burn, is vegetative growth of perennial
forbs with perennating buds located at, or just
below ground level. Theseperennial forbs, such as
scaly buttons (Leptorhynchos squamatus), native
flax (Linum marginale), and minnie daisy (Minuria
leptophylla), are not killed by the fire, but rather,
have reproductive strategies (the perennating bud)
that allow them to survive the harsh conditions in
the fire's wake.

Figure 21: In the absence of any

natural fires, human induced

burning of grassland is a practice

considered necessary for the

conservation of many

grassland species.

Figure 20: Kangaroo grass.

A late spring burn also reduces the flower
production of kangaroo grass in the post-fire
environment. Flowering produces seed that is
dropped and stored in the soil, until appropriate
conditions encourage seed germination. In the
long term, continued late-spring fire events may
deplete the stores of kangaroo grass seed in the
soil. Genetic variability may be affected in such a
community, as reproductive strategies are limited
to vegetative asexual reproduction rather than
generation by seedlings, which is a sexual
reproduction method.

Recovery of the kangaroo grass canopy after an
autumn burn is initially slower than for a late
spring burn, because the immediate post-fire
period coincides with the dormant phase of the
species. Therefore the autumn burn increases the
conditions for growth of intertussock forbs.

While post-fire species diversity is comparable for
the two fire regimes, it is the biomass that
significantly differs. It appears that recovery of
biomass in the late spring burn is significantly
lower than biomass recovery after a grassland
autumn burn. This suggests that the frequency of
fires should be lengthened (eg. a fire frequency of
2-3 years) in a site with late spring burn regime.

However the most significant threat to biodiversity
in kangaroo grassland is the lack of frequent and
regular fires. If these fires are reduced to a fire
frequency of greater than 3-4 years, the kangaroo
grass will become senescent. This results in an
overgrown canopy with few intertussock spaces. In
the shadow of kangaroo grass, intertussock forbs
do not receive enough light to ensure survival and
cannot compete against the dominant species.
Inevitably, biodiversity is reduced.
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Seasons and fire - effects on fauna

Bushfires temporarily reduce invertebrate populations.
However post-summer fires are probably less
detrimental than summer or pre-summer fires because
invertebrate life cycles have reached adult stage, which
allows individuals to respond to fire rapidly and escape.
Pre-summer fires, however, generally leave significant
patches of areas unburnt which act as recovery sites for
species. This means that there are more available habitat
areas for the invertebrates in which to re-establish
populations and later recolonise the burnt areas.

The effect of fires on birds is dependent on the nesting
time of species and the availability of food sources. Early
spring fires may destroy the nests of low nesting
species. Late spring fires may not have this effect
because the young have already fledged. Summer and
autumn fires have no effect on nesting because little
nesting occurs during these periods. However, effects of
fire on habitat vary with season as discussed above, and
these effects are more important than those on
individual nests.

The effect of fires on mammals within the different
seasons is believed to be minimal, but again is related to
the independence of young at the time of the fire as
well as availability of food. Early spring fires, which are
uncommon, often carry the greatest risk.

Extent or patchiness of a fire - effects on fauna

A fire will not burn uniformly if it has diverse
topographic features such as ridges and gullies and a
variety of vegetation to traverse. The result is a mosaic
effect from the fire within the area. Patches of the area
may remain unburnt or only slightly affected by fire.
These patches may become refuges for surviving fauna
as they provide food and shelter while the fire-affected
habitat recovers. For example, the mortality of large,
surface-dwelling arthropods is high after a fire but they
are relatively successful in rapidly repopulating by
reinvading from the unburnt patches within the area.
Birds and bats are likely to recolonise equally quickly
over larger spatial scale, as suitable habitat develops.
Recolonisation by mammals and reptiles may depend on
the existence of suitable refuges accessible to less
mobile animals.

Responses to fire by flora

The predominance of drought and fire in the Australian
landscape for thousands of years has led to the
evolution of unique flora with survival mechanisms to
overcome these extreme stresses. However remnants of
vegetative communities adapted to the wetter
geological climates can still be found in the alpine and
rainforest communities. These groups of flora are fire-
sensitive and are generally killed by bushfire events.

Plants frequently use similar survival mechanisms to
overcome the changes produced by the environmental
stresses of fire and drought. Adaptation to fire and
drought is common in a diverse range of Australian
flora including herbs, grasses, shrubs and trees. Some
examples of flora with fire adaptive traits include:

• herbs such as orchids (Orchidaceae family);

• grasses such as kangaroo grass (Themeda spp.);

• shrubs such as the grass trees (Xanthorrhoeaceae
spp.); and

• trees such as eucalypts, wattles (Acacias), and
banksias.

Plant adaptations to fire can be classified into four main
survival mechanisms:

• vegetative survival of plants;

• fire-stimulated flowering;

• fire-triggered dehiscence of fruits and seeds; and

• fire-stimulated germination of seeds.

..., .
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Vegetative survival of plants

The vegetative survival of plants is related to the degree
that the plant's vascular system (ie. system for
transporting food and water) remains intact between
the organism's buds and roots during the fire event.
If the plant is resistant to fire, then the vascular system
remains intact and the individual organism survives. In
contrast, if the plant is fire-sensitive, then it is likely that
the tissue within the vascular system is destroyed and
inevitably the plant dies. There are a number of survival
mechanisms used by Australian flora to minimise HIe
effects of fire on their vegetative matter.

Soil protection of buried buds

A surface fire can completely consume plant organs
above the ground. However if the plant has dormant
buds under the ground, the vegetative material is likely
to survive as the buds will begin to sprout, or
regenerate, after the fire. As the heat from the fire rises,
it leaves the soil relatively cooler, providing a refuge for
the dormant buds found at the roots or base of the
plant. The soil protects the plant's dormant buds by
acting as an insulator. These dormant buds may be
known as root buds if the buds are located at the root
system, or lignotubers if found at the base of the plant
(Figure 23).

lignotuber

root suckers

Figure 23: Regeneration through the use of lignotubers

and root suckers

A few species of acacia in south-east Australia
regenerate from root buds in the surviving root stock.
A tea-tree will also resprout from root buds if the upper
parts of the tree are destroyed.

A lignotuber is a mass of dormant buds buried in a
woody swelling, usually at the base of the tree, which
has developed from the time the tree was a seedling. As
the tree grows, the lignotuber develops and buries itself
further into the soil. The tree sprouts from the
lignotuber after it has been damaged, ego by fire.
Lignotubers can hold the 'food' reserves necessary to
regenerate the upper organs of the tree. This is an
extremely important function when all the leaves have
been scorched and photosynthesis cannot occur. Almost
all eucalypts have lignotubers; less than fifteen out of
the hundreds of eucalypt species do not, Some
casuarinas, banksias, legumes and guinea flowers
(Hibbertia) also regenerate from lignotubers.

Bark protection of stem buds

Some trees, such as eucalypts, have thick bark which
significantly protects the stem (or aerial) buds and
consequently ensures the vegetative survival of the
eucalypt species that do not have lignotubers, or that
have lignotubers that are not very effective.

The effectiveness of the eucalypt bark in protecting the
stem buds is dependent on a combination of two
factors:

• bark thickness - considered to be the most significant
factor in determining the successful protection of stem
buds. However, bark thickness is also the most variable
factor as it is dependent on the species and the age of
the individual specimen as well as the height, diameter
of the stem, and stand history .

• bark flammability - some eucalypt barks are less
flammable than others. Species of gum which have
smooth moist bark are relatively hard to burn; eucalypts
classified as peppermint, which have bark that is thin
and loose with a dry surface over a moist interior, have
a mid-range flammability factor; whereas stringybarks
which have loose, dry and fibrous bark are highly
flammable. Damage to the tree's trunk is influenced by
wind speed, trunk diameter, fuel distribution and fire
severity. Fire can either superficially damage the tree,
cause the death of one side of the trunk, or result in the
death of the whole tree.
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Bud survival and sprouting

Eucalypt species are characterised by their ability to
sprout from dormant buds within the trunk of the tree.
Sprouting from these buds is a response to a range of
stimuli especially when the continued development of
the crown is inhibited. Such sprouting may be induced
by stress factors such as fire, intense browsing by
insects, drought, and poor soil nutrients (especially lack
of phosphorus).

The thick bark of eucalypts protects the dormant
epicormic buds buried under the surface in the trunk.
once the canopy of the tree has been killed or
defoliated by a stimulus such as fire, the epicormic buds
sprout along the main stem and branches of the tree
from under the bark. The epicormic buds result in
epicormic shoots (Figure 24).

The clumps of epicormic shoots are called coppice
foliage, and are typically in the form of juvenile leaves.
Over a period of years, the tree will once again develop
a canopy.

Figure 24: Epicormic shoots and coppice foliage

An example of a non-woody plant that shows sprouting
is the wire-grass (Tetrarrhena juncea). Wire-grass has the
ability to develop roots at nodes along the stem. In this
case, fire fragments the individual parent plant, which
stimulates further growth of new individuals
along the stem.

Vegetative insulation

Non-woody plants such as grasses have their growth
tissue at the base of the plant. This organisation of
plant structure insulates many grasses from fire because
as the heat moves upwards, the living growth .tissue
avoids destruction and new growth can occur. An
example of this sprouting characteristic is seen in the
poa tussock grass (Poasieberiana) which resprouts after
fire. However there is some evidence to suggest that its
regenerative ability may be reduced by a quick
succession of fires.

Fire-stimulated flowering

Many plants that respond to fire by flowering are
classified as monocotyledons. Monocotyledons are
usually herbaceous plants and include grasses and lilies.
In contrast only a few species of dicotyledons are
stimulated to flower by fire. Dicotyledons include herbs,
shrubs and trees that have leaves with veins that are
branched.

Grass trees

One of the most spectacular and most carefully studied
monocotyledons is the grass tree family,
Xanthorrhoeaceae, which occur widely across Australia
in areas of sandy or stony soils low in nutrients (Figure
25). Although its foliage may be burnt and removed,
the plant is not usually killed in a fire because the trunk
is protected by a sleeve of densely packed persistent leaf
bases. Many species of grass trees do not have a trunk
and the base of the plant is protected by the soil. The
plant produces a giant flower spike, or inflorescence,
within a period of seven to ten months after the fire.
Insects and birds then pollinate the flowers and the seed
is set. The post-fire production of inflorescences rapidly
declines within the grass tree population, until the next
fire event occurs.
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Figure 25: Xanthorrhoea grass tree

Other examples

The red-beak orchid (Lyperanthus nigricans) flowers only
in the first season after a fire (Figure 26). There are a
range of other plants which only flower prolifically after
fire. Among these are the hare orchid (Laladenia
menziesii), parson's band orchid (Eriochilus cucullatus)
and fringe hair orchid (Caladenia falcata), two species of
sundews (Drosera spp.), wild parsley (Lomatia silaifolia),
the West Australian Christmas tree (Nuytsia floribunda),
and the broad leaf stirlingia (Stirlingia simplex).

Once they have flowered, these plants produce large
amounts of seed, which can take advantage of the
nutrient-improved conditions of the ash on the ground,
after the fi re.

Australian species that are reported as fire-stimulated
flowering plants include banksias, grevilleas, hakeas and
sundews. The adaptive trait of fire-triggered flowering,
may have evolved due to various environmental

opportunities that an immediate post-fire event creates
such as:

• exploitation of a nutrient-rich ash bed that increases
germination rates of dispersed seed;

• exploitation of increased sunlight penetration due to
loss of canopy;

• enhanced pollination by invading pollinators,
particularly if a mass display of blooms occurs; and

• reduced competition by escaping seed predation due
to lower numbers of predators than in inter-fire periods.

Fire-triggered dehiscence of fruits and seeds

Dehiscence is the opening of the seed pod or capsule at
maturity to release the seed. It is often violent to assist
in seed dispersal. In the case of some species from the
banksia, hakea and eucalyptus genera, the dehiscence
of their fruits are a response to fire. These groups of
plants flower at a relatively low rate in the inter-fire
period. The seed produced is stored on the plant until a
fire triggers the release of the seed.

An example of a species displaying fire-triggered
dehiscence of fruits is the desert banksia (Banksia
ornata). Like many other banksias, the desert banksia
stores its seed on the plant in hard, woody follicles or
seed cases after flowering. The desert banksia is
endemic to areas of Victoria and South Australia that
are prone to frequently occurring fires. Within a week of
the seed cases being in contact with flames, they open
up and drop their seed on the newly formed ash bed.

Figure 26: Red-beak orchid Figure 27: Banksia seed case
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Eucalypts produce vast quantities of seed, and except
for young stands of pure regrowth, nearly always have
some seed on the trees. Most eucalypts release all their
seed as it is produced, but a few eucalypt species store
seed in the canopy in gum nuts (Figure 28).

Without fire, the seeds of these species are generally
shed over a two to four year period after ripening. The
heat from the fire stimulates dehiscence of the gum
nuts, which release huge numbers of seeds. It has been
recorded that canopy scorch of the silvertop ash
(Eucalyptus sieberi) produced a seed-fall of 14 million
viable seeds per hectare.

Severe fires leave an excellent ash bed, which contains a
fine mineral material, that is the result of the fire having
consumed the organic material above and within the
upper layers of mineral soil. Seeds that are shed before
the first rains can be buried up to a centimetre deep,
which protects them from scavenging ants and
dehydration.

Figure 28: Eucalyptus fruits as gumnuts

An example of seed regeneration is given by the very
large, fire-sensitive eucalypt, the mountain ash
(Eucalyptus regnans). The mountain ash does not have
lignotubers or epicormic buds, and is generally killed by
fire. However it has the capacity to seed heavily and
grow back thickly in an even-age stand from seed. The
seeds thrive in the nutrients from the ash-bed and the
increased light available in post-fire conditions. Many of
the even-aged stands of mountain ash in Victoria are
the result of the 1939 Black Friday fires. If there is no
fire to create an open ash bed, new mountain ash seeds
are unlikely to germinate.

Fire stimulated germination of seeds

Some seeds are extremely hard because they have an
impenetrable seed coat. Instead of being stored on the
plant, these hard seeds fall to the ground and are stored
in the soil, often for very long periods of time. Some
species of acacia seed that are very hard can last in
storage for up to one hundred years. However the usual
storage time is for several decades. These seeds need
the heat of the fire to crack their hard coats, which then
allows them to germinate (Figure 29).

An example of the longevity of seed storage in the
soil was observed at Mount Macedon after the Ash
Wednesday fires in 1983. Some species of acacia
germinated in places where there appeared to have
been none of those species before the fire. Obviously
the seeds had been stored in the soil for many decades
and were stimulated to grow after the fire.

Figure 29. Acacia germinating

Another example of seed storage in soil is the evidence
of silver wattle (Acacia dealbata) seeds surviving in the
soil beneath undisturbed rainforest in Tasmania for 300
to 400 years.
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Fire in ecosystems

Succession, fire regime and the ecosystem

A fire may kill many individual plants of a species, but
their long-term survival as a species within a community
can be advantaged by the fire regime. To understand
how this can occur, it is necessary to understand the
ecological concept known as succession.

Succession is the progressive series of changes in the
vegetation and animal life of an area. The initial
community is simple and evolves into a more complex
community. In this process one set of species becomes
dominated by another set that is better adapted to the
new set of environmental conditions within the area. It
is a dynamic process, responding to change within the
ecosystem.

Primary succession

Primary succession occurs when organisms occupy a
previously uninhabited area to gradually develop their
own community over time. An example is a lava flow
just a few months old, which is colonised first by
lichens, then mosses and small ferns. The rock begins to
break down into soil due to the action of these plants.
Where soil accumulates, grasses, small bushes and
eventually hardy trees colonise the area. The flora and
fauna that inhabit the area is known as the primary
community.

Secondary succession

Once there is a major disturbance to the primary
community, there is a further sequential development of
communities, which responds to the disturbance. This
process is known as secondary succession. Exampl s of
major disturbances to a primary community include
events such as fire, cyclone, or activities such as land
clearing.

The mountain ash forest in Victoria illustrates an
example of secondary succession. Over a period of
several hundred years a wet sclerophyll forest such as a
mountain ash forest can develop into a closed
rainforest. With insufficient light to allow mountain ash
seed germination, rainforest species gradually take over
as the understorey. The mountain ash forest reaches
maturity at about 250 years, and at about 300 years,
begins to die, leaving the rainforest community
to take over.

A major disturbance to a primary community may occur
after an area has reached a state of equilibrium as a
mature ecosystem. This creates the conditions for the
process of secondary succession. Plants with seeds stored
in the soil and the remaining roots or tree trunks with
the ability to shoot and regenerate will recolonise the
area in a different series of phases from those that
occurred in primary succession. If environmental
conditions do not alter, the ecosystem gradually reaches
equilibrium once more.

Mature community

As an ecosystem develops into a more complex
community, change is not as dynamic compared to
earlier stages of succession. The ecosystem at this stage
has reached, to some extent, a balance between biotic
and abiotic components. However it is not a static
system and some change will continue to occur.

Fire in the ecosystem

The fire regime determines the plant and animal
community that evolves within the ecosystem. A fire
regime with short fire intervals encourages the survival
of fire-tolerant species. In contrast, fire regimes that
have long fire intervals support a fire-sensitive
community.

The presence or absence of fire in an ecosystem can
alter the nature of succession. The role of fire in
determining the nature of succession is illustrated by the
case study of succession in the south-west Tasmanian
wilderness. It shows the relationship between fire
regime and plant community that succeeds in the
ecosystem.
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Case study: Succession in the south-west Tasmanian wilderness

Figure 30: Tall wet forest with rainforest understorey

In south-west Tasmania the plant communities are
influenced by two major factors:

• limitations of nutrient-poor soils; and

• fire frequency.

An investigation into the role of fire in the
succession of a south-west Tasmanian ecosystem
outlines the complexity of the way in which fire
frequency determines the type of plant
communities that survive.

Fire has had a long association with south-west
Tasmania. Geological evidence of fire remains, in
the form of charcoal, have been dated back to 30
000 years BP.During this long period of time, fire
has been responsible for shaping the floral
communities of south-west Tasmania.

During the Pleistocene epoch, fires became
prevalent in some areas of south-west Tasmania.
These frequent fires selected plants with resilience
to fire. The result was an open community of
button grass sedgeland (Figure 31) and grassland
with some shrubs. The nutrient-poor soils and a
cold, dry climate along with the frequent fires
have continued to sustain the sedgeland and
grassland ecosystems to this day.

Figure 31: Button grass community
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However the regions of high rainfall in south-west
Tasmania can support a rainforest ecosystem.
Initially, a wet sclerophyll eucalypt forest may be
established if the fire frequency is relatively low,
ie. a fire interval of between 25 and 100years.
Under this condition, tall and wet sc/erophyll
stands of eucalypt forest with dense shrubby
understorey develop (Figure 30). In contrast, if fires
frequently sweep through the habitat, all forest
trees are eliminated and the area reverts to the
button-grass sedgeland ecosystem.

After the development of the wet sclerophyll
eucalypt forest, the ecosystem continues to
undergo succession. The next phase is determined
by the fire frequency. Once there is a fire interval
of 100 to 300 years, a mixed forest of eucalypts
standing above an understorey of temperate
rainforest evolves. Further absence of fires within
this ecosystem continues to select plants that are
fire-sensitive and inevitably all eucalypts disappear
from the ecosystem. A community of rainforest
species such as beeches (Nothofagus spp.),
rainforest species (Atherosperma moschatum),
pinkwood (Eucryphia moorei), and celery-top pine
(Phyllocladus spp.) dominate the area (Figure 32).

In this investigation, fire determined the series of
changes that occurred in the succession of the
area. If fire was a frequent event, then plants that
were resilient to fire such as the button-grass
(Dactylactenium radulans) and eucalypts continued
to dominate the ecosystem. It is the absence of fire
that allows the ecosystem to reach the rainforest
community. Once a rainforest is established, the
prevalence of fire events (from natural sources) is
reduced as the closed and wet environment is not
conducive to fires. Therefore the ecosystem
sustains its low fire frequency regime and
perpetuates the rainforest ecosystem.

Figure 32: Atherosperma moschatum

Absence of fires within the ecosystem often selects plants that are

fire-sensitive. A community of rainforest species and beeches

dominate the area. Sassafras tree (Atheroperma moschatum)

in a rainforest community



FIRE IN THE AUSTRALIAN LANDSCAPE

Fire is used asi

manage many ecosystems.

The term 'prescribed burning'

refers to the use of fire to
.,' "

achieve planned land and

resource management

objectives.

':'" .'' •• f -*

"

~... '.(...... ,;...



FIRE IN THE AUSTRALIAN LANDSCAPE

4 using fire
land•In

management

The use of fire in land

management occurs at

certain times of the year

and aims to achieve specific

heat intensities and rates of

spread, according to desired

management objectives.

Current Aboriginal use of fire

Fire to Aboriginal people is not only a physical process
occurring in the landscape. Fire has a cultural context.
Fire burning in the landscape is significant and
inseparable from the culture of Aboriginal people.

Aboriginal communities see burning as a responsibility.
It is part of their stewardship of looking after the plants,
animals and the land. If they do not follow the fire
regimes followed by their people over the millennia, the
land is harmed which results in disaster for the
community living on the land.

The fire regimes, which are handed down from
generation to generation, are usually connected to the
Dreamtime. The Dreamtime is the time of creation. Each
Aboriginal group has a relationship with certain areas of
land that is referred to as their 'country'. Every country
has its own burning regime that considers the plants,
animals and the land of that particular area. The
caretakers of the land hold details of the country's
interactions within ecosystems, but such knowledge is
not extended beyond the boundaries of their own
country. This means someone from East Arnhem Land
will not understand the detailed workings of the
ecosystems within Kimberley country.

Each Aboriginal group is responsible for maintaining
their own country. Burning is one responsibility in that
maintenance. Frequently, burning is the responsibility of
specific people within the community and this
responsibility is guarded jealously. Aboriginal people
read the land to assist them in deciding when to burn
and which areas need burning.

The Mak Mak Marranunggu people

The Mak Mak Marranunggu people's country is
Kurrindju (Figure 33). Their country is bordered by the
Finnis River, Reynolds River, northern Litchfield Park and
the western part of the Wagait Aboriginal Reserve in the
Northern Territory. The following account of fire use is
taken from an address by Yinirrakun (also known as
April Bright) at the 'Country in Flames' conference in
1994.



FIRE IN THE AUSTRALIAN LANDSCAPE

Figure 33: Country of the Mak Mak Marranunggu people,

Finnis River, NT

For the Mak Mak Marranunggu people the burning of
their country is known as 'burn grass' or 'burn grass
time'. The 'burn grass' fire regime was handed down to
the Mak Mak Marranunggu people from the
Dreamtime. The Dreamtime story explains the origin of
the fire regime for the country. Briefly, the story
recounts how the chickenhawk-a-titit-took a firestick
from a fire that was lit for a ceremony and flew across
Kurrindju, and as he flew across the country he burnt it.
His flight path gave the Mak Mak Marranunggu their
significant areas and his actions began the handing
down of one of their responsibilities - burning country.

For the Mak Mak Marranunggu people the 'burn grass'
is an annual occurrence that begins after the wet
season as the grass starts to dry. The annual Aboriginal
burning regime maintains very dense grasses across the
country, even in the ranges and timbered areas. If the
country wasn't burnt, argues April Bright, the dominant
speargrass, which can get up to 10 feet high, along
with other dense grasses, leaves and fallen branches,
would form a thick understorey of mulch and fire fuel in
as little as a 3-5 year period. If the fuel was lit in the
high temperatures of the dry season, the intensity of the
fire would severely damage the functioning of the
ecosystem and ensure the death of many of the flora
and fauna inhabitants.

The annual 'burn grass time' at the end of the wet
season, rejuvenates the country. The fire stimulates new
growth of the grassesand other foliage within three
weeks in wetter areas, while it may take up to six weeks
in the drier areas.

The Mak Mak Marranunggu people exploit the good
hunting conditions that the 'burn grass' provides.
Wallabies and kangaroos enjoy the feed of new, fresh
grassesand other plants. Many species (eg. wallabies,
kangaroos, bandicoots, birds, rats, mice, reptiles and
insects) exploit the 'burn grass' areas as they supply vast
quantities of quality food resources.

The Mak Mak Marranunggu people read the land to
determine the timing of 'burn grass time'. 'Burn grass'
is not applied allover the Mak Mak Marranunggu
country simultaneously. Instead as the different regions
within the country dry, fire is applied. The Mak Mak
Marranunggu people watch the signs of water and
winds, hibernating turtles and the floodplain in the
country to determine the appropriate time to 'burn
grass'. The Mak Mak Marranunggu people also use hot
burns in the ridge country later in the dry season. These
hot burns assist in the regeneration by seeding of the
fire-tolerant tree species.

Fire - an important tool for park and
forest management

Fire is used as a tool to manage many ecosystems.
The term 'prescribed burning' refers to the use of
fire to achieve planned land and resource management
objectives. Prescribed burning is conducted at certain
times of the year by land management agencies and
aims to achieve specific heat intensities and rates of
spread, according to the desired objective.

The use of prescribed burning generally falls into one of
three main categories:

• fuel management;

• flora and fauna management; or

• commercial forest management.

Fuel management

While every effort is made to prevent fires from starting,
bushfires will always occur from either natural or human
causes. These bushfires can threaten human life,
property, assets and, at times, the environment. Some of
these fires are difficult to control, in spite of the use of
the latest technology and highly trained firefighters.
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One way of protecting settlements and also limiting the
spread and severity of bushfires, is by strategically
reducing the fuels in parks and forests. The reduction of
fuels such as leaves, twigs, grass, shrubs, bark or
vegetation is referred to as 'fuel management'.

From the factors that determine bushfire behaviour,
weather, topography and fuel, fuel is the only factor
that can be altered before an unplanned fire starts.

'Fuel reduction burns', 'low intensity burns' or 'cool
burns' are terms that are used to describe fires of low
intensity used to remove the fine, more flammable fuel
from parts of forests and parks. By reducing these fuels,
a bushfire which either burns into a fuel reduced area or
starts in one, will have lower flame height, reduced
intensity and will spread at a slower rate, making
firefighting easier and safer.

Fuel reduction burns are also sometimes used to remove
the stringy and fibrous bark from the lower parts of
some eucalypt trees. If this bark catches alight during a
bushfire, it can be carried as burning embers, setting
spot fires ahead of the main fire.

Flora and fauna management

Prescribed fire is used in the maintenance of a number
of our native ecosystems. Fire is used in the recovery
and management of species and communities of both
flora and fauna. It often involves the management of
rare, threatened or pest species. The timing, frequency
and intensity of these fires must be matched closely to
the needs of species and their communities.

Flora

Fire is used in the recovery and management of a
number of rare or threatened species and communities.
For example, fire is used to regenerate ageing
communities that rely on being burned for regeneration
to occur. In Victoria, such examples include:

• heath lands in north-western Victoria and Wilsons
Promontory National Park; and

• native grasslands on basalt plains west of Melbourne
and in north-eastern Victoria.

Fire is also used to remove some pest plants and
environmental weeds. For example, fire helps to deal
with exotic grassesand invasion of coast wattle (Acacia
sophorae) in heath lands. It also assists the control of
self-sown exotic pine seedlings in native vegetation
adjacent to pine plantations. In these cases, fire either
destroys the unwanted plants or causes their
germination so they can be identified and removed.

Fauna

Since animals rely on vegetation for food, shelter and
breeding requirements; the needs of both flora and
fauna have to be integrated. Fire can be used to alter an
aspect of an area so that the needs of specific fauna are
met. For example, fire may be used to change an area
for shelter or breeding requirements, or to promote the
growth of different types of vegetation for feeding
requirements.

The complexity of managing an ecosystem to favour
particular species or groups requires detailed ecological
information. Prescribed fire is increasingly used for
ecological purposes as scientists learn more about the
needs of native plants and animals. Some examples in
Victoria include:

• habitat regeneration for the eastern barred bandicoot
(Perameles gunniiJ at Hamilton; and

• using fire to alter heath communities to accommodate
the requirements of the ground parrot (Pezoporus
wallicus) and New Holland mouse (Pseudomys
novaehollandiae) .

In Western Australian jarrah forest, the thickets of
mottlecah (Melaleuca viminea) and heartleaf poison
(Gastrolobium bilobum) require intense fire under dry
conditions to regenerate. These thickets are important
habitat of the tammar wallabies (Macropus euqenii).
The use of fire to manage these thickets needs to be
integrated to the needs of the tammar wallabies .
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Commercial forest management

Fire is an efficient tool for providing appropriate
conditions for native forest regeneration following
harvesting. For a number of forest types it is one of the
few regeneration options. These forest types have
specific regeneration requirements, which can be
satisfied by the use of fire of varying intensity.

Under favourable weather conditions, high intensity fire
is readily achieved on harvesting sites where large
quantities of slash provide fuel for burning. This high
intensity fire results in an ash-bed surface, which
provide a competition-free environment for germinating
seeds. Prescribed fire is the most common method of
seed-bed preparation for the regeneration of 'high
elevation mixed' eucalypt forests.

These forest types generally occur in high elevation and
high rainfall areas where climate dictates that high
intensity fire will only be achieved safely during the late
summer - early autumn period. As most harvesting is
conducted during the summer months, the opportunity
for safe conduct of prescribed burns is limited. At these
times, vegetation at lower elevations can have higher
flammability than the areas being burnt. Hence skill is
required to conduct these burns safely.

Low to moderate intensity fire is also sometimes used to
remove debris in forest plantations following harvesting.

Figure 34: Prescribed fire is used in the maintenance of a number of

our native ecosystems.

Planning to get the balance right -
a Victorian example

Burns on public land are conducted in accordance with
a strategic Fire Protection Plan, which is prepared with
community involvement. In these plans, public land is
divided into five zones. Yearly programs for fuel
reduction burning, habitat management and commercial
forest operations are based on these zones. The extent
and frequency of any burning program is also based on
these zones.

Zone One - Covers areas where the need for fire
protection is greatest. This zone typically abuts or
surrounds areas where there is a bushfire threat to
human life and property.

Zone Two - Provides strategic corridors that will act as
barriers to the spread of bushfires by reducing their
speed, intensity and the potential for spot fires to
develop. These areas also assist firefighting operations,
making suppression safer and more effective.

Zone Three - Provides an irregular mosaic of fuel
reduction, which complements burning in other zones
and allows burning to achieve a range of broad-based
ecological management objectives.

Zone Four - Allows for the use of fire for active
management of specific flora and fauna, either as
individual species or communities that have fire regime
requirements.

Zone Five - An area zoned for the exclusion of
prescribed burning for a period of time nominated in
the Protection Plan, where there may be loss of
economic, ecological or cultural values associated with
burning.

In implementing burning programs each year, park and
forest managers attempt to integrate to the maximum
extent the requirements to use fire for both fuel
management and biodiversity maintenance.
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Casestudy: Burning in a remnant dry forest

A study was initiated by Deakin University-
School of Ecology, Victoria, to investigate the
conflicts between management for fire hazard
reduction and management for conservation.
The aim of the study was to monitor recovery after
a prescribed burn. The study site of about five
hectares was located in remnant dry sclerophyll
forest on the urban - forest interface surrounding
the north-eestern outskirts of Melbourne, Victoria.

While the original intention was to monitor and
record the effects of fuel reduction management
practices on the flora, the site became exposed to
two fire regimes because of changes in weather
conditions during the burning:

• a low intensity burn similar to those used in
prescribed fuel reduction; and

• a moderately high intensity burn with similarities
to bushfires.

This provided the opportunity to make
comparisons between two fire regimes on the one
study site. Adams & Simmons (1994) recorded the
following observations during the study in areas
where the moderately high intensity fire event
occurred.

Figure 35a: Site before burning

Before burning, the site was dominated by an
understorey of native grasses, lilies, herbs and
scattered shrubs (Figure 35a). In all, over one
hundred different species were recorded, but many
of them were represented by only a few
specimens. The same site has been reassessed
annually for species diversity and species richness
following the fire.

Figure 35b: Site after the fire

For the first few weeks after the fire the area was
largely bare, with only a few tussock grasses
which did not burn, a scatter of scorched leaves,
and a layer of ash over the ground.
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Figure 35c: Six weeks after the fire

Six weeks after the fire (Figure 35c), the first
autumn rains fell, stimulating the seeds in the soil
to germinate, and the grass tussocks and
rootstocks to resprout. Many of the native orchids,
lilies and grasses have resprouted from
underground bulbs and the shade of green
dominates the ground.

Figure 35d: Nine months after the fire

By the end of the following spring (Figure 35d),
the seedlings have become well established and
almost all have the ability to survive through the
dry summer.

Four years after the fire (Figure 35e), the site had
a thick cover of grasses, small shrubs and herbs.
The wattles and other legumes were flowering
profusely. This produced large amounts of seed
that would be stored in the soil waiting for the
next fire.

Figure 35e: Four years after the fire

Figure 35(- Six years after the fire

Six years after the fire (Figure 35f) all the species
that had been recorded before the fire were again
present, but many were present in far greater
numbers than before the fire.

Burning these types of ecosystems does not
increase species diversity. This is because the
species must already be present, even if only as
seed in the soil, for the species to respond to fire.
However, burning is necessary to maintain species
diversity. The role of the fire is to stimulate the
regeneration of large numbers of individuals of
each species.
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4 using fire in
land management

Figure 36: Burning of the site

To maintain the species diversity in a dry
sclerophyl/ forest like the one in this casestudy,
the optimum fire frequency is about twelve years.
Also the moderately high intensity burn seems to
encourage the seedling establishment rather than
the vegetative regeneration which is associated
with prescribed low intensity burning for fuel
reduction purposes. Consequently for conservation
management, it would be appropriate in a dry
sclerophyl/ forest like the one studied to ensure a
range of fire regimes that included some higher
intensity fires over time.

If fire is excluded from these communities,
the ecosystem begins to deteriorate as the
diversity of species declines. Under these
conditions many species that are fire-dependant
may become local/y extinct.
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Casestudy: Managing conflict of goals-burning for fuel reduction and ecosystem requirements.

A Western Australian example.

In Western Australia in some forests a range of
different fire regimes are applied to minimise the
threat of bush fire to human life, property and
forest resource values, while maintaining and
enhancing biodiversity.

Fuel accumulation models developed for a range of
jarrah forests show that the interval between fires
necessary to maintain low fuel levels varies from
six years for high rainfall forests, to eight years for
low rainfall forests. So, for bush fire protection
purposes, low intensity fires set under cool, mild
conditions at intervals of six to eight years are
used.

However the ecological needs of flora and fauna in
jarrah ecosystems do not appear to be met by the
six to eight year fire regime advocated for fire
hazard reduction. For most jarrah forests,
maximum plant species richness in the understorey
vegetation is reached three to five years after fire,
then declines as short-lived herbs, shrubs and
grasses die. These species then persist as seed
stored in the soil. So fires at both very frequent
and infrequent intervals will result in lower species
diversity. The seed of most plant species can
remain viable in the soil for many decades,
although for many species the storage life is
unknown.

Animals of the jarrah forests also have a variety of
responses to fire. For example, the medium to long
term impact of fire on birds largely depends on the
extent to which the habitat has been affected, and
the rate at which it recovers. Larger mammals such
as western grey kangaroos (Macropus fuliginosus)
and brush wallabies (Macropus irma) are most
abundant in the first few years after fire,
preferring open forests with succulent, new, green
shoots on which to graze.

Another group of animals, such as the tammar
wallaby (Macropus eugenii), quokka (Setonix
brachyurus) and the honey possum (Tarsipes
rostratus) prefer the cover of dense, mature
vegetation along creeks, swamps and valley floors.
While these animals will forage in recently burnt
vegetation they are unlikely to take up residence,
preferring the dense cover of mature unburnt
flora. Relatively small or patchy fires have little
effect on the numbers of these animals, but large
and intense fires, which completely consume
available habitat, have a severe impact.

Figure 37: Larger animals, such as the western grey kangaroo, are

most abundant in the first few years after fire.



Frequency, extent and patchiness of fire are critical
both to the immediate impact of fire and the
capacity of animals to recover from it. Fire
managers have identified bio-indicators to qualify
and develop fire regimes appropriate for areas in
jarrah forests. Based on the fire response bio-
indicators of the jarrah forest there appears to be
a conflict between the fire intervals required to
maintain low fuel levels (6-8 years) and the
requirements of creek and valley-bottom fauna
and flora which prefer longer intervals between
fire. However this can be resolved by using the
natural moisture differences that exist across the
landscape at different times of the year.

As the seasons change from winter to spring, the
ridges and the midslopes of the jarrah forest dry
first and will be flammable for a period when
wetter creeks and gullies will not burn. Prescribed
fires can be lit when these moisture differentials
exist so that the drier ridges and midslopes burn,
but important low-lying, wetter areas do not.

Figure 38 illustrates a managed fire regime for the
jarrah forest that meets both protection and
biodiversity objectives, based on current
knowledge. It contains a variety of seasons of fire
and intervals between fire.

FIRE IN THE AUSTRALIAN LANDSCAPE

A MANAGED FIRE REGIME FOR JARRAH FOREST
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Figure 38: Fire regime for jarrah forest
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To the teacher

Fire in the Australian landscape is a curriculum resource
suitable for senior secondary students of environmental
studies, biology, and geography. This resource can be
used to support curriculum programs and teaching on
fire in the Australian environment.

Through the examination of the chemical and physical
background to fire and its characteristics - students can
develop an understanding of fire properties, the
combustion process, fire behaviour and factors affecting
fire behaviour. This forms the basis for an investigation,
in the other chapters, of the role of fire in Australian
ecosystems. Case studies provide practical examples of
the theories discussed. This chapter provides brief
suggestions to support teaching the role of fire in
Australian ecosystems.

Finally an extensive reference section, including selected
websites of interest, provides opportunities for further
reading and research on specific interest areas.

Investigating environments and maintaining
biodiversity

Environmental studies

This resource assists senior secondary students of
environmental studies in their investigation of the role
which fire plays in Australian environments and its
significance in maintaining biodiversity in fire-tolerant
ecosystems. In examining the various characteristics of
the environment, students can look at how fire has
shaped the environment and explore the impact of fire
on ecosystems. The study of prescribed burns explores
how fire management fits into the management of
parks and forests.

Using this resource, students could:

• investigate the characteristics of a specific Australian
environment and examine the role that fire plays within
the functioning of that ecosystem;

• explore fire as a component of the natural
environment and consider the interrelationships
between specific components;

• investigate the use of fire by Aboriginal people and its
impact on the environment;

• analyse the effectiveness of government policy or
strategies when applied to a specific environment;

• identify and discuss the potential conflicts that arise
when implementing prescribed burning practices for
fuel management purposes and flora and fauna
management purposes;

• explain and illustrate the role of fire in the
conservation of Australian biodiversity;

• draw a diagram that describes the relationships
between fire, heath land, and ground parrots;

• develop a management plan to conserve a population
of ground parrots in a Victorian sedgeland;

• using a diagram, summarise the changes that can
occur within the south-west Tasmanian wilderness;

• discuss how the south-west Tasmanian wilderness
could be managed to conserve biodiversity. Develop a
policy and strategy to manage the area;

• debate the following statement:
The Australian landscape is the result of fire. Therefore
all Australian ecosystems should be regularly burned to
conserve biodiversity
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Investigating organisms and their
interrelationships with fire

Biology

This resource assists senior secondary biology students
studying the unique relationships between Australian
species and fire. It investigates reproductive strategies of
plants that enable them to survive fire. The resource
identifies the unique behaviour of animals that survive
fire regimes with frequent fire intervals. It allows for the
study of organisms in their environment and explores
changes, through fire, in ecosystems.

Using this resource, students could:

• consider the long-term prevalence of fire in the
Australian landscape and discuss the environmental
changes to ecosystems in Australia;

• discuss the role of fire in the succession of an
ecosystem;

• explain the role of fire in succession within the south-
west Tasmanian wilderness;

• investigate the reproductive strategies of fire-tolerant
plant species;

• examine fire as an environmental stress on the survival
of a specific species;

• compare the survival behaviours of an animal that lives
in habitats with frequent fire regimes, to an animal that
survives in a habitat with long fire intervals;

• discuss the evolution of fire-tolerant species in
Australian ecosystems;

• investigate a fire-tolerant species such as a banksia,
acacia or spinifex. Prepare a poster that describes the
species and its distribution, identifies the distinguishing
characteristics of the species, and discusses the
strategies that assist it to survive fire;

• prepare a strategic conservation plan that would
preserve a fire-tolerant endangered species of plant.

I

Managing natural resources

Geography

This curriculum resource provides senior secondary
geography students with background information on
the role of fire in the functioning of Australian
environments. It allows students to explore changes in
the environment as a consequence of fire, and also
enables students to investigate fire as a tool in land and
resource management. By examining the use of fire to
manage natural resources, students can draw from local
examples to explore the various views and uses of
prescribed burns.

Using this resource, students could:

• investigate the effects of fire on natural environments;

• consider the effects of human beings changing the fire
regime associated with a specific area;

• research one particular region within a state or
territory. Use an atlas or other reference to create a map
with overlays to show the region's fire intervals, major
vegetation communities and average rainfall. Identify
the relationships between these variables;

• compare the management of a specific site on public
land by past practices of Aboriginal people with the
present management of the same land by non-
Aboriginal people;

• explain why human beings want to manage fire;

• describe the major strategies used to manage
environments with fire; or

• investigate and report on the fire regime for the local
region. Map your region to identify the boundaries of
the environment and any significant fire-prone and fire-
sensitive areas. Include a discussion on the effects of fire
in the local region.
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abiotic components non-living constituents of an
environment.

biodiversity the variety of living things: the different
species, the diversity of genes they carry, and the
different ecosystems they are a part of.

bioindicators key species that indicate the state of the
environment according to a specific parameter ego fire
sensitivity, water quality etc.

biotic components living constituents of an
environment.

cambium the ring of dividing cells, found in the stem
and root, responsible for lateral growth in plants.

cellulose the major constituent of plant cell walls (some
fungi are an exception).

chemical redox reaction a combined chemical process
where oxidation and reduction chemical reactions ake
place simultaneously.

combustion a special type of oxidation reaction where
a large amount of heat energy is produced.

exothermic a chemical reaction that gives off heat.

food chain the 'chain' representing the organisms
existing in a community through which food energy is
transferred. It is generally represented by a pyramid with
primary producers represented most abundantly (at the
bottom of the pyramid) and tertiary consumers being
represented at the top of the pyramid (the food chain)
in fewer numbers. Each step of the food chain
represents a transfer of only about 10% food energy,
the rest is 'lost' as heat.

forb a herbaceous plant other than a grass, such as
a broad-leaved herb growing in a field.

fuel reduction burning is the application of fire to an
area to reduce its fuel load to minimise negative effects
of potential bushfires.

lignin the main structural material of vascular plants;
thickening of plant cell walls with lignin gives added
support and protection to the plant.

oxidation a chemical reaction that occurs when a
substance combines with oxygen to form oxides ego
burning, breathing, rusting.

perennial a plant that may live for several years.

primary consumers the first level of consumers in the
food chain. They are animals that eat plants ego
invertebrates, cattle, kangaroos.

primary producer the plants of the food chain. They
use photosynthesis to produce their food.

polyoestrus females of the species have several oestrus
cycles in quick succession ie. they can breed more than
once in any breeding season, and the males are
continuously sexually active.

reduction a chemical reaction that occurs when a
substance loses oxygen.

sclerophyll plants with leaves that have a strengthening
tissue called sclerenchyma. Sclerenchyma is a significant
feature for survival in extreme conditions, producing
leaves which are hardened, thickened and resistant to
moisture loss. Eucalypt leaves are a typical example of
sclerophyll vegetation.

secondary consumer the second level of consumer in
the food chain. They do not generally depend directly
on the primary producers because their diet
predominantly consists of primary consumers ego
bandicoot.

tertiary consumer the third level of consumer in the
food chain (eg. owl.). This animal depends on
predominantly secondary consumers.

vascular system the system of conducting tissue in
plants that is responsible for transporting water, mineral
salts, and foods to and from the roots to the aerial parts
of the plant. It also provides support for the plant.
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useful websites

The International Fire Information Network _ a network on
aspects of fire science and management.
<http://www.csu.edu.au/fi renet!>

Red Truck Green Heart _ hotlinks to sites on fire
management.
<http://www.vicnet.net.au/-chfb/links.html>

Conference proceedings (October 1994) 'The Effects and
Effectiveness of Fire Management'.
<http://www.environment.gov.au/life/general_info/biodivser
_8/contents. htm»

Hot links to the fire services and related organisations of
the states and territories within Australia, as well as similar
services internationally.
<http://www.vicnet.net.au/-gscfa/fire-Iinks.htm>

Environment Australia.
<http://www.environment.gov.a u»

Australasian Fire Authorities Council (AFAC).
<http://www.ausfire.coml>

The Country Fire Authority Victoria.
<http://www.cfa.vic.gov.au>

Natural Resources and Environment, Victoria
<http://www.nre.vic.gov.au/fires>

ACT Emergency Service Bureau
<http://www.dpa.act.gov.au/ag/esb/esb.htm>

NSW Rural Fire Service
<http://www.bushfire.nsw.gov.a u»

NSW Fire Brigades
<http://www.nswfb.nsw.gov.au>

NSW National Parks and Wildlife Service
<http://www.npws.nsw.gov.au>

Bushfires Council of the Northern Territory
<http://www.nt.gov.au/bfc>

Northern Territory Fire and Rescue Service
<http://www.nt.gov.au/ntfs>

Queensland Fire and Rescue Authority
<http://www.fire.qld.gov.au>

Department of Environment and Heritage (NT) _ National
Parks and Wildlife Services.
-chttp.z/ HYPERLINK http://www.nt.gov.au/bfc
www.nt.gov.au/bfc>

Department of Primary Industries
<http://www.dpi.qld.gov.au>

South Australian Metropolitan Fire Service
<http://www.samfs.sa.gov.au>

SA Department of Environment, Heritage and
Aboriginal Affairs
<http://www.dehaa.sa.gov.au>

Parks and Wildlife Tasmania
<http://www.dpiwe.tas.gov.au>

Forestry Tasmania
<http://www.forestry.tas.gov.au>

Metropolitan Fire and Emergency Services Board
<http://www.mfbb.vic.gov.au>

Fire and Emergency Services Authority of WA
<http://www.fire.wa.gov.au>

Department of Conservation and Land
Management (WA)
<http://www.calm.wa.gov.au>

New Zealand Fire Service
<http://www.fire.org.nz>

Country Fire Service (SA)
<http://www.cfs.org.au>

Tasmania Fire Service
<http://www.fire.tas.gov.a u>

National Parks and Wildlife Service
Department of Environment and Heritage (QLD)
<http://www.env.qld.gov.au>

State Forests of NSW
<http://www.forest.nsw.gov.a u»

http://www.nt.gov.au/bfc
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