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should therefore precede the formulation of specific fire management objectives.
Underwood (see p. 2?) provides a series of guidelines to assist with the process of
objective setting.

Planning for fire management on nature conservation lands must address four
key quest ions:

1 What are the past, current and likely future regimes of fke in the reserve?

2 How does the biota respond to these regimes?

3 How does fire interact with reserve neighbours and visitors?

4 What activities can be undertaken with the available resources?

Critical data that can be considered necessal.y to answel the first three questions

at a level of detail appropriate to a pafiicular reserve at a given time. The fourth
ouestion addresses the exient to which critical data can be effectively used for
management. This may be a signifrcant factor if the resources available do not
adequately reflect the perceived value of a reserve.

Data Requirements

Fire Regimes

The frequency, intensity and seasonality of fire together characterise a fire
regime @ill 1975). The areal extent and shape of individual fires may also be
important in determining the rate of recolonisation from adjacent areas and. the
impact of grazing animals (Grubb and Hopkins 1986). The range of fire regimes
within a reserve will be detemined by two primary factors:

(a) the opportunity for fire spread, which is dependent on fuel characteristics
and weather conditions; and

(b) the risk (Luke and McArthur 1978) or probability of fire ignition.

To adequately defrne the opportunity for fire spread, fuel, topographic and
weather information should be integrated in the form of a fire behaviour model.
For planning purposes fire behaviour models should provide unbiased
predittions over a wide range of conditions, although a high ievel.of -precision
may not be required. Fire behaviour models developed in Australia for
ga;slands (McArthur 1977, Condon 19?9) and eucalypt forests (McArthv 1967,
Sneeuwjagt and Peet 1985) predict fire behaviour according to basic weather and
fuel quantity inputs. Being empirically derived, predictions of fire behaviour
from ihese models are most reliable when fuel conditions are similar to those for
which the model was developed. The fire spread model developed by Rothermel
(1912) and its derivatives have potential for application in a wide range of fuels
but reouire detailed information about fuel characteristics: considerable field
calibration of such models will be required in most circumstances (Catchpole
1987).
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Where land use patterns are changing rapidly, historical fire regimes may not
necessarily provide a good indication of future fire regimes. For example escapes
from high intensity agricultural clearing fires have been a major cause of summer
and autumn fires in reserves in the south-west of Western Australia in the last
fifty years. However, clearing fires are now infrequent in areas where agriculture
is fully developed. Burrows et al (1987) reported that the arca of Dryandra forest
burnt by wildfires declined markedly after 1960, corresponding with the
completion of land clearing in the district. Historical changes in fire regimes are
imponant in determining appropriate or perceived necessary regimes in the
future.

Response of the Biota to Fire

The response of the biota to fire regimes is a crucial element in making decisions
about the use of fire. Although there have been many studies of the effects of a
single fire, few studies have been published on the rcsponse of the biota to fire
regimes. Nevertheless it is possible to make fairly accurate and reliable
predictions on the basis of results liom studies of single fires when they arc
coupled with a good knowledge of the life history strategies of the component
organisms (Burrows et al 198'1 , Hopkins and Saunders 1987). The three types of
information on the biota currently most requested and, when available, most
readily applied by reserve managers are:

(a) the identity, location and extent of plant community types and areas rich in
fauna;

(b) the identity, location and extent of the habitats and requircments of
vulnerabls species; and

(c) the identity, location and exlent of key taxa and how fire management can
ensure their continued role in communitv organisation.

In this section we examine critical data needs relating to communiti.es, vulnerable
species and key taxa and examine the role of monitoring in gathering such data.

Communities

The definition and delineation of plant communities and their correlation with
landform/soils maps is an imponant step in land use planning (Havel 1981).
Managers of public land need an objective, explicit basis for determining
broadscale management units and for distinguishing the community types within
their jurisdiction. Classification schemes must be able to be related to
conveniently mapped characteristics if they are to be effective in reserve
management.

Maps of landforms based on geomorphological characteristics have proven
valuable in studies of land use, (McArthur and Clifton 1975), plant community
pattems (Heddle et al 7980, Cresswell and Bridgewater 1985, Wardell-Johnson er
a/ in press) and as a basis for stratifying samples for survey purposes (McKenzie
1984, Burrows etal 1981 , Wardell-Johnson eral in press). An understanding of
the relationships of communities to climatic and edaphic factors enables the
dehnition of similar sites and establishes their extent and distribution within and
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FIGURE 1
Scale in landform soils mapping: an area of the Perup Nature Reserve mapped at
1:250, 000 and 1: 25, 000. Gastrolobium bilobum (heartleaf) has the potential to form
thickets on subunits delined at the finer scale enabling the prediction of potential
thicket extent.
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Key Tara

Taxa that fruit, flower or seed outside community peaks in production or that
provide other specific habitat requirements may be exftaordinarily important in
maintaining sedentary vertebrate populations. These have been designated
"keystone mutualists" (Leighton and Leighton 1983 after Gilbert 1980) and are
referred to as key taxa in this paper. Any species, the removal of which would
precipitate significant losses of other species should be considered a key taxa. In a
situation of limited resources. those sDgcies most critical to the maintenance of a
diverse community or crucial to the maintenance of vulnerable species should be
targeted first for research and management effort. The identification of these
species requires a knowledge of interactions within a system and of species
responses following disturbance.

Gastrolobium bilobum (R BR, 1811) is a key taxa in the Perup Nature Reserve
where it forms thickets suitable as habitat for the tammar wallaby (Christensen
1980). Specific management operations are necessary to ensure the continued
maintenance of suitable habitat for the tammar wallaby in this reserve. In this
example, maintaining suitable habitat requires burning prescriptions to produce
intense hres under controlled conditions.

Rare species, vulnerable species and key taxa should all be given high priority in
the management of fire on natLlre conserviltion lands. Species that fit all of these
categories are of the greatest priority (eg certain species of Banksia which flower
at a time of limiting food resources in a contntunity, are also rare, susceptible to
dieback caused by Pythiaceous fungi, and are fire sensitive obligate seed
regenerators).

The Role of Monitoring

N{onitoring programs are necgssary to detect changes that relate to all
components of the ecosystems being managed. However, such programs tend to
be of little scientific or practical value unless accompanied by conesponding
environmental information that allows the process responsible for change to be
identified. Similarly, the monitoring must have an explicit hypothesis to be
successful in detemining whether criteria are being met. It follows that the
organism appropriate to the hypothesis should be identified and monitored (see
Ridsdill-Smith 1986).

Monitoring of particular species will be of advantage if a relationshp exists
between the abundance of several species at any time. Thus low numbers in one
species may suggest reason for concern in others. The spatial variation in density
and thus comparative suitability of nronitoring sites should be known before the
establishment of monitoring programs.

Figure 2 shows trapping results in three years in two reserves known to i.nclude
populations of the Woylie (Bexongia peniciLlata Gray, 1837), common Brushtail
Possum (Trlcho su.rus vulpecula Ken, 1792) and Southern Brown Bandicoot
(lsoctdon ohesulus Shaw and Nodder, 1797). Different trapping rates for woylies
in the two reserves suggest different sized populations. However, population
sizes are not static suggesting a need to plan operations designed to manipulate
habitat around trends in population levels. Species vary in the ease with which
they may be studied and monitored. Efficiency in monitoring time and effort will
be achieved if high population densities of easily trapped animals such as the
woylie (eg) reflect high populations in other species.
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Interactions Between Fire, Reserve Users and Neighbours

Management of fire is influenced by political and social factors and objectives for
reserve management reflect society's prevailing attitudes and ideas. The cultural
environment therefore has considerable influence on the detail of management
practices. Major changes in the attitudes of the community towards fire have
taken place in the last 150 years in south-western Australia (McCaw and Burrows
1988) and such changes will no doubt continue in the future, probably at an
accelerated rate.

Govemment agencies responsible for management of conservation lands
generally must comply with a wide range of legislation. These Acts are therefore
an essential part of the critical data requirements. For fire management of
conservation lands in Westem Australia the Conservation and Land
Management Act (1984) and the Bushfires Act (1954) are pirticularly important.
The Wildlife Conservation Act (1950) also contains important provisions relating
to the protection of declared rare flora from fire.

Many conservation reserves experience a variety of additional land uses which
may range from passive recreation to mining; lllegal activities such as wildlife
poaching may also occur in some cases. Information about the distribution,
extent, nature and timing of these activities is critical, both for determining the
risk of ignition posed by these activities, and for determining the degree of
hazard to which land users may be exposed during fire. Regular updating may be
required if land use patterns are changing rapidly; visitor surveys, regular patrols
and periodic remote sensing may all play a role in keeping the data base up to
date.

All reserves have neighbours, whether they be private landholders, shires, other
govemment agencies or the Crown. To be effective fire management must be
planned on a regional basis, and for this reason the attitudes and policies of
neighbours towards fire may have an important bearing on management of fire in
a reserve. Effective liaison and participation with volunteer bushfire brigades,
local authorities and public interest groups should be fostered as a means for
gauging local opinion. In many cases reserve managers may be able to obtain
much useful information about a reserve from local people with long experience
in the district.

Resources Relative to Management Objectives

Many factors limit the capacity of managers to undertake all fire management
operations considered desirable and so priorities must be assigned to ensure that
resources are deployed efficiently. Systematic avaluation of the risk of fire
ignition and of the hazards posed by fire to different values provides a logical
basis for allocating priorities. Hazard rating systems have been developed for
national parks in Eastern Australia (Good 1985) and forest areas in Westem
Australia (Burrows personal communicafion, Underwood personal
communication). Once maps of relative hazard can be generated for individual
reserves, priorities can be allocated for modifying or reducing the level of hazard
or increasing the opportunities for fire control. Hazard reduction is often
considered by some to be synonomous with fuel reduction burning but this need
not be the case. Alternatives range from employing other means of fuel
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requirement for more holistic management. This will necessitate a more
smrctued and systematic approach to data collection and analysis. It is therefore
essential to define those aspects of the biological, physical and cultural
environment that must be researched first to ensure that management
concentrates on key issues and is able to become more sophisticated as the needs
increase.

Data that aids our understanding of fire regimes and the response of the biota to
those regimes are considered critical. Cultural data on the interactions between
fire, reserve users and neighbours and the priorities for resource allocation will
determine the success of the management of fire on naturg conservation lands
and must also be considered critical. In the absence of these critical data
requirements conservative management strategies should be adopted to ensurc
minimum disturbance to ecosystems until reliable data on which alternative
approaches may be based, are available.
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