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5

Fires in Australia’s tropical savannas:
Interactions with biodiversity, global warming,
and exotic biota

1. Malcolm Gill, Richard J. Williams, and John C.Z. Woinarski

5.1 ABSTRACT

The vast tropical savanna region of northern Australia is generally flat. vegetated by
1ative species and sparsely populated by people. The climate is typified as monsoonal,
«1th contrasting wet and dry seasons. Temporal and spatial patterns of rainfall. cattle
-razing, and fires help shape the vegetation of the region. Eucalyprus spp. dominate
‘ne tree cover while grasses are a feature of woodland understories. Grasses fuel fires
hich occur mostly in the dry season. Fire regimes (including between-fire interval,
" re intensity. and season of occurrence) affect the relationships between the woody
«nd grassy components of the vegetation. Fires. at a given point in the landscape. can
«ccur with mean intervals as short as about two vears but mean intervals vary widely
across the region. Fire intensity varies seasonally: it can arbitrate between outcomes
~uch as tree survival. shoot survival, or tree death. Introduced grasses, especially
samba grass (Andropogon gavanus), can alter fire regimes to the extent that the
structure and composition of plant communities is strongly affected. Near major
towns and cities, increased fire intensities due to gamba grass increases the fire
threat to houses. Fire regimes. whether or not influenced by exotic species, affect
land management for broad-scale pastoralism and biodiversity conservation, and
influence carbon emissions and storage.

5.2 INTRODUCTION

This chapter describes the pattern and management of fire in the tropical savannas of
northern Australia. This region has characteristics shared with strongly seasonal
tropical areas elsewhere in the world. but has a distinct ecological context. Fire is
a pervasive management issue in the region and the management of fire affects, or is
affected byv. land use. biodiversity conservation. the maintenance of indigenous
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culture, the spread of exotic plants and animals. and global climate change. Across
most of the region, fire regimes have changed over the 150 years or so since European
settlement.

Reflecting the main arena of research activity, our focus in this chapter is on
the central third of the tropical savanna area. locally known as the “Top End” of
the Northern Territory (Figure 5.1). However. consideration of the region as a whole
i1s possible for some topics and research in areas outside the Top End are not
neglected.

5.2.1 The region

The 1sland continent of Australia is generally flat. hot, and dry. but has great variety
in climate. soils. vegetation, and topography. Its northern quarter—an area of 1.9
million km?> (Russell-Smith ef al.. 2003b)—is characterized by a monsoonal (strongly
seasonal wet—dry) climate and tropical savanna vegetation. The circumscription and
naming of this area has varied: herc. the definition based on bioregional boundaries
defined in the interim biogeographic regions of Australia (Thackway and Cresswell
1995), and its broad subdivisions (“provinces™) are used (Russell-Smith ez al.. 2003a)
and shown in Figure 5.1. The whole area 1s referred to as northern Australia or the
Australian tropical savanna. reflecting local usage.

This region spans parts of three Australian political jurisdictions (Figure 5.1
inset). with variable legislative. land use. and management contexts. Unlike most
of the World’s other tropical savanna regions. it is sparsely populated by people:
excluding a handful of larger towns. the average population density is less than 0.1
person‘--"km2 (Woinarski et al.. 2007). Australia’s tropical savannas are managed by
both indigenous people (who own 20% of it) and by relatively recent settlers of
predominantly European origin. Cattle-based pastoralism is by far the most wide-
spread land use, extending over about 70% of the savannas (Woinarski er al., 2007); it
is more intensive (i.e., with much smaller properties) in the eastern and southeastern
parts of the region, compared with the west and northwest. The iconic 2-million-
hectare World Heritage Kakadu National Park 1s found in the savanna region along
with a number of other national parks. totaling about 6% of the region’s arca
{(Wornarski et al., 2007). There are much smaller areas devoted to military training,
horticulture. mining, and other industries (Russell-Smith e al., 2003a).

Climate is a defining feature of the region. but also shows ecologically important
variation. Rainfall is strongly seasonal, with a distinct short and hot summer wet
season and a long warm dry season (April-November in the Top End): seasonality is
least marked in the southeast. Total rainfall varies from >2.000mmyr~' in some
near-coastal areas to less than 400 mm at the {ringe of the vast arid zone of Australia’s
interior and central west (Gill er /., 1990: Williams et al.. 1997a; Russell-Smith ez al.,
2003a). There is considerable variability in the duration. intensity. and the timing of
the onset of the wet season (Ridpath, 1983; Holland, 1986; Cook and Heerdegen,
2001).
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The period of change from the dry to the wet season is often characterized by
highly localized storm activity, with lightning strikes being a major ignition source for
fires. Particularly in the wet season, coastal areas are subjected to frequent destructive
cyclones.

The passage of the dry scason is marked by increcasing depth of drought and the
presence of the southeast Trade Winds: it is conveniently subdivided into “carly” and
“late”. May and June are typical early dry-season months in the Top End
(R.J. Williams et al., 2003a) and Russell-Smith er a/. (2003a) defined the early dry
scason there as the period up until the end of July. The rest of the dry season, August
to November, is regarded as the late dry season (Hill er af., 2006). Cook and
Heerdegen (2001), with an eye to biological responses, defined a “‘rainy season”
and a “‘wet season’ based on differing probabilities of 10-day dry spells. Seasons
could also be defined in terms of ecological indicators (Lewis, 1985). Crowley and
Garnett (2000) defined “storm-burns’™ as those being undertaken soon after the first
heavy rains of the wet season.

Native vegetation is extensive across the savanna region and is a highly
significant asset for biodiversity conservation (Woinarski et al., 2007). Apart from
some parts of Queensland (e.g. see Tassicker ef al.. 2006). there has been relatively
little intensive clearing for agriculture; forestry is rare. As a consequence, the
savannas are relatively intact structurally. and “‘relatively little transformed by
modern development” but despite this “the savanna landscapes of Australia are in
flux™ (Whitehead et al., 2005) with increasing pressure for substantial modification
and resource use. Naturalized exotic plants have established and spread in some
areas, strongly affecting fire regimes and their outcomes (Douglas and Setterfield,
2005); feral cats, horses, pigs, and donkeys are widespread (Strahan, 1995).

The dominant. savanna, vegetation of northern Australia comprises extensive
grasslands, grassy forests. and woodlands, with far smaller areas of other structural
types (FFox et al., 2001; Williams ef /.. 2002: Russell-Smith ¢f al., 2003b), notably
including heathlands (mostly on skeletal sandy soils in rugged rocky areas) and closed
forest (rainforest), typically occurring as small patches in relatively fire-protected
areas or in sites with seasonally persistent water supply, especially along the coastlines
and in the immediate hinterland (Russcll-Smith er /., 2003a). While these more
restricted vegelation types are not strictly tropical savannas. some consideration is
given to them here as their ecology, conservation, and management is intimately
associated with the savannas that typically surround them.

Forests and woodlands are typically 10 m to 20 m in height, occasionally reaching
30m (Gillison and Walker. 1981). Tree height and density tend to decrease with
decreasing rainfall: for example. along the aridity gradient south from Darwin
(Williams et al.. 1996). Eucalypts, trees ol the genera Eucalyptus and Corymbia.
family Myrtaceae, and especially the Eucalyprus subgenera Blakella and Fudesmia
(Gill et al., 1985, p. 29) feature as dominants {o a grassy understory. The presence of
these eucalypt subgenera in the north contrasts with the predominance of the species-
rich subgenera Monocalypius and Svmphyomyrtus in the southern part of Australia
(Gill et al.. 1985. p. 29). Other common trec genera include the pantropical
Erythrophleum and Terminalia. the native conifer Callitris. and Myrtaceae like
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Melaleuca. There is a wide range of other tree and shrub genera present including
Acacia, Alphitonia. Brachychiton, Calytrix. Cochlospermum, Grevillea. Petalostigmu,
and Planchonia.

Grasses dominate the ground stratum of savannas. Common dominant or
subdominant grass genera include Aristida, Astrebla, Bothriochloa. Chrysopogon,
Dicanthium, Eriachne, Heteropogon. Imperata. Plectrachne. Schizachyrium, Sarga
(Formerly Sorghum). Sporobolus. Triodia. and Xerochloa (Tothill and Gillies,
1992). Kimberley:Victoria River province has widespread Triodia and Plectrachne
(spinifex); the western part of the Top End Gulf province 1s dominated by annual
Sarga: the eastern Top End- Gulf Province has widespread Aristida—Bothriochloa and
Dicanthium pastures; the Mitchell Grasslands province has widespread Astrebla
(Mitchell Grass) (Tothill and Gillies. 1992). Schizachyrium and pereanial Sarga
pastures are common in Cape York while Hereropogon pastures are common in
southeast Queensland (Weston, 1988).

While grass predominates as the understory throughout the savanna region, litter
from the trees may be substantial in quantity in some places and times, the late dry
season being associated with increased litter fall and htter fuel Joad (Gill er a/., 1996;
Williams et al., 1997b). In the wet season the grasses are green but with the approach
of the long dry season. grasses start Lo cure (i.e.. shoots die) in a rapid mottled wave
from the south to the north and towards the northern coastlines (S. Berry. unpub-
lished data). With the arrival of the early wet-season convective storms. and. later the
monsoon proper. a wave of greening up spreads from the north to the south. The
monthly raingreen (mostly grass) component of the vegetation follows monthly
rainfall (Spessa et al.. 2005).

Thus the period in which fuels are predisposed to burn is longest in the south and
shortest in the north. although greater than about 4 months in all regions. The length
of the growing season may be secn as setting the grassy fuel load while the length of
the dry season- the non-growing scason (Walker 1981)-—-may be scen as setting the
length of the potential “fire season™. However. fires are also possible i1 dner parts of
the wet season (Williams and Lane. 1999: Crowley and Garnett. 2000).

5.2.2 Fires in the region

In this section. the broad characteristics of fire in this region are described. In
subsequent sections. more detailed attention is given to some of the factors that
underlie or define these characteristics and we consider in more detall the manage-
ment and consequences of particular fire regimes. Management considerations
include the manner in which fires affect the interrelationships between woody plants
and grasses. the interactions between global warming effects and atmospheric emis-
sions. the conservation of biodiversity in pastoral systems and in reserves. and the
emergent issue of the protection of human life and property, particularly in districts
with a transition from rural to urban.

Like tropical savannas in monsoonal climates elsewhere. fires are a pervasive
feature of northern Australia. Fires are frequent and extensive especially in the north
of the region; individual fires can cover an area of over a million hectares (Luke and
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McArthur, 1978, p. 260); the rcgion has been characterized as “‘perhaps the most
extensive and flammable ecosystem in the world” (Liedloff and Cook. 2007). Fires
affect all landscapes and land tenures—pastoral properties, conservation lands,
indigenous freechold land. mining leases. and. increasingly. the urban—savanna
interface (Dyer et al., 2001; Williams er af., 2002).

Without ignition there is no fire. In the early dry season, all fires are caused by
humans while in the late dry season lightning can be a major source of ignition. Early
dry-season fires include those deliberately lit with the aim of mitigating the effects (or
reducing the likelihood) of intense late dry-season fires, some of which are caused by
arson and some by lightning strikes; no systematic data are known regarding causes
of fire starts across northern Australia, other than those for central Cape York
Peninsula (Crowley and Garnett, 2000). Early dry-season fires typically go out at
night but the chances of overnight burning (and hence greater fire extent) increase as
the dry season progresses. There are a number of reasons for this including increas-
ingly drier conditions in which fuel is more continuous, fewer dews, and increasing
wind speeds (Gill et al.. 1996). The control of prescribed fires, then, becomes increus-
ingly problematic as the dry season advances. Hence, particularly in the Top End
province (Figure 5.1), early dry-season fires are typified by short-lived human-
initiated fires burning grassy fuels in relatively mild weather, whereas late dry-season
fires are of generally higher intensity and capable of burning day and night in
grass-litler fuels under drier and windier conditions.

5.3 FIRE BEHAVIOR, FIRE WEATHER

“Fire behavior™ is represented by a range of attributes varying from the rate of
spread of the fire burning with the wind to the rate of the setting of new fires
downwind as a result of fircbrands arising from the “‘mother’ fire. Besides rates of
spread, fire behavior variables include temperature (Weber er al., 1995), intensity
(Byram, 1959), duration of burning (flaming and smoldering), and various dimen-
sions of flames (height, length. depth), and flame angles. Fire behavior can also be
seen 1o be the way in which fires interact with tree stems (Tunstall et «/., 1976). Rates
of spread of fires burning with the wind are the primary object of measurement and
prediction. In conjunction with ““fuel loading™, rates of spread contribute to fire
intensity (Byram, 1959) which, in turn, may be corrclated with flame dimensions
and immediate effects of fires like the scorch height and char height of leaves
(Williams e7 al.. 1998). Australian researchers have traditionally adopted an empirical
approach to fire prediction (e.g.. Cheney ef al.. 1993). an approach that is particularly
advantageous where there are large tracts of similar fire-prone vegetation.

The only formal fire-modeling program conducted in Australia’s tropical
savanna region has been that of Cheney et al. (1993) in the Top End province. These
authors examined rate of spread of fire burning with the wind in manipulated and
control swards of cured (i.c., with dead shoot systems) Themeda triandra and
Eriachne burkittii. They found that neither the grass species nor the fuel load above
about 1tha™' significantly influenced the rate of fire spread, but wind speed and
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moisture content were important. Their research formed the basis of a rate-of-spread
predictive system that required added input variables for its practical application,
namely curing (CSIRO, 1997a; Cheney et al., 1998) and slope (CSIRO, 1997a).
This northern Australian spread meter applies to open forest, woodland, and open
grassland (CSIRO, 1997b).

Rates of spread of fires burning with the wind on level ground form the basis of
fire weather forecasts and fire danger warnings. Australia’s Bureau of Meteorology
uscs the modified McArthur Grassland Fire Danger Index Mark 4 (Purton. 1982), or
GFDI_4, for such forecasts and warnings in northern Australia. McArthur's GFDI
(McArthur, 1966). and Purtion’s (1982) modification of it, have a scale of 1 to 100: 100
represents the “worst possible” weather condition. The indices are grouped as ratings
in a generally logarithmic fashion with “extreme™ being the range from 50 to 100. The
modified McArthur GFDI]_4 has inputs of temperature, relative humidity, wind
speed, grass curing. and fine-fuel load (Purton, 1982). Weather inputs are provided
from widely distributed weather stations in the savanna region while estimates of
curing and fuel loading (from ““very sparse” to “heavy”—Purton. 1982) are provided
by bushfire agencies. Across the Northern Territory and northern Queensland at
least, indices in the “extreme’ range occur (Bureau of Meteorology. pers. commun. ),
thereby predicting possible extreme rates of spread. but the frequency of “extreme”
values and historically peak values have not been reported. Tapper et al. (1993)
document the synoptic conditions for high fire danger in the Northern Territory.
In coastal Darwin. and in its hinterland at Jabiru. the GFDI (McArthur. 1966) rises
during the dry season and peaks in September (Gill er al.. 1987, 1990).

The effects of individual fires often depend on fire intensity., Williams ¢t al.
(1998), measuring fire intensity in their plots at Kapalga in the Top End province,
found a mean of 2,100kWm ' for early dry-season fires and 7.700 kW m ' for late
dry-season fires with a peak intensity of 18.000kWm "' In this province, fuel loads
up to 13tha™" have been measured in native ecosystems but 2tha ' to Stha™' are
more typical, perhaps due to frequent burning (Williams et «/., 1998). Bowman er al.’s
{2007) study of grass biomass across the northern parts of the Northern Territory
and Western Australia found sampled grassy fuel loads in savannas dominated by
E. tetrodonta to vary from 0.1tha ' to 5.8tha™'.

In Australian savannas, fuel loads are generally higher in the wetter north of the
region and lower in the south in accord with trends in annual rainfall. but arc also
influenced by fuel type and fire history. Williams ez al. (2002) report unpublished data
of G. Cook for an “‘open-forest savanna™ in the Top End in which {uel loads
mcreased rapidly in the first 4 or 5 years after fire to reach a quasi-equilibrium value
of between 8tha ' and 9 tha™'. Large local variations may be expected due to the
variety of circumstances in which various fuels occur. Locally. distinguishing features
may be lowland (e.g., floodplain or swamp) vs. upland (e.g.. plateau sites, sometimes
wery rocky); grass species composition (including the productive exotic grasses. native
.nnuals, and native perennials); and, early vs. late dry season. the fuels in the early
dry season being mainly grassy and only partly cured if perennial. whereas those of
the late dry season comprise cured grasses supplemented by litter from semi-
Jeciduous eucalypts and other woody species.



120  Fires in Australia’s tropical savannas [Ch. 5§

Fire behavior models need a weather and landscape context for their use—
which may be actual or virtual. In the latter case the fire prediction system of Cheney
et al. (1998) has been incorporated into a fire effects savanna model called
“FLAMES” (Liedloff and Cook, 2007). FLAMES allows for the modeling of fire
effects using multiple fires with different properties in different seasons—in short, the
fire regime.

5.4 FIRE REGIMES

Fires spread across landscapes forming burnt patches of many magnitudes (Gill et a/..
2003). As these patches age, further fires overlay them to various exicents thereby
diminishing their area. Thus. a time sequence of patch size starting with the (requency
distribution of the newest (less than l-ycar-old) patches, is transformed into
successive frequency distributions of ever older, smaller, patches. In a similar way.,
frequency distributions of arecas with the same betwecn-fire interval can be con-
structed, the mean area of the patches declining as the interval increases (Gill et
al., 2003).

Mean “interval between fires™ is the reciprocal of the average proportion of the
landscape burnt per year. The interval between fires is an important component of the
firc regime along with type of fire, season of fire, and fire intensity (Gill, 1975). Peat
fires in Melaleuca swamps (lonis, 1994). then, may be contrasted with the more
common above-ground fires. Fire intensity varies with diurnal, seasonal topographic
and fuel load variations (R.J. Williams ¢t «/., 2003a). Seasonal variation in fire
occurrence in any one focation can be extensive, as has been mentioned above, whilc
variation in interval between fires is also large and is considered below.

[ntervals between fires can be determined using a series of yearly maps of burnt
areas. the maps often being derived {rom satellite imagery. Analysis of five ycars of
NOAA-AVHRR satellitc imagery across northern Australia suggested that there
were two distinet groups of vegetation with respect to the mean proportion burnt
per year (Spessa et al., 2005):

(1) low open woodland, open forest, open woodland, woodland, and low wood-
land—with 23% to 34% burnt per year; and,

(ii) open heathland and closed [or “rain™] forest—the remaining two vegetation
types—with 8.1% and 8.5% burnt per year, respectively.

These proportions translate to mean intervals between fires of 4.4 to 2.9 ycars for the
first group and 12.3 and 11.8 vears for the second. A statistical model examining the
proportion burnt in relation to “raingreen™ and “evergreen” components of the
vegetation suggested that the proportions burnt per year can be greater than 0.54
per year (a mean interval of approximately 2 years).

Using a similar 5-year sct of NOAA-AVHRR data. Spessa et al. (2005) and
Russell-Smith er al. (20034) examined a wider arca—the entire tropical savanna
region (Figure 5.1)—and estimated thc average percentage of burnt area according
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Figure 5.2. Mcan NOAA-AVHRR proportion burned per year as a function of interpolated
mean annual rainfall (based on five years of data only): combined results of Spessa er al. (2003)
and Russell-Smith er al. (2003a) for the “wet--dry tropics™ and the more extensive “‘tropical
savannas . respectively for an almost identical period. The baseline for Spessa er al., (2005) was
the mean annual rainfall for vegetation types (including closed forest --rainforest); that of
Russell-Smith et a/. (2003a) for rainfall classes. the top class (>1,500 mm) being taken as
1,750 mm yr~'. The trend line is a quadratic function.

to ramnfall category rather than mean rainfall for vegetation categories. The results
are plotted in Figure 5.2 with a trendline for the combined data. The trendline
suggests that the mean proportion burnt is greatest —and, therefore, the mean inter-
val between fires 1s least —when mean annual rainfall is about 1,100 mm. These data
are spatially averaged so cannot be expected to reflect local circumstances; they are
also derived for arcas of various size and for a short period. and they may provide
only a coarse index of the actual extent of land cover being burned. They necessarily
¢gloss over the effects of other variables like topography and land use. Across the
vast area of northern Australia. there is substantial variability in the seasonal pattern-
ing and extent of fire, associated largely with differences in land use and intensity,
topography, and climate.

At the regional scale of their study. Russell-Smith er a/. (20034) calculated that
about 77% of the savanna region that burned did so in the late dry season. This
proportion can be very variable. For example. while more than 50% of Pine Creek,
Central Arnhem, and Daly Basin bioregions (all in the Top End provinee, Figure 5.1)
was burnt by late dry-secason fires in four years of a nine-year study period (1997-
2005), this was the case for only one (North Kimberley) of the remaining 19
mioregions that comprise the tropical savanna region (G. Crowley. pers. commun.).
For 12 of these bioregions. the mean rate was less than 25%. and for five bioregions
the rate was less than or equal to 1% (G. Crowley, pers. commun.). There are various
-casons for this variability, one of which is that there can be a tradeoff between the
sroportion of landscape burning in the early dry season with that in the late dry
~cason (as in lowland Kakadu National Park during the 13-year study period of Gill

¢ al., 2000).




122 Fires in Australia’s tropical savannas [Ch. 5

The seasonality of fires affects the scale of patterning of burnt areas. For
sandstone heath vegetation, Price et a/. (2003) found that individual early dry-season
fires burnt, on average, 64% of the vegetation within their perimeter, whereas this
proportion averaged 84% for fires in the late dry season. Similarly, R.J. Williams et
al. (2003a) reported that the burned percentage of their transects in experiments in
mesic savanna increased from zero to over 90% as fire intensities rose up to, then
above, 2,000kWm ™.

Local studies of fire regimes have been conducted across the region using
historical accounts (e.g., Stanton, 1992) and Landsat imagery (e.g., Gill e7 al.
2000; references in Russell-Smith er al., 2003a; Felderhof and Gillieson, 2006), {or
example. These studies are more appropriate to guiding fire management (Felderhof
and Gillieson, 2006) than the region-wide studies but the latter provide an overview
not possible from local studies. The foci of local studies have usually been on
between-fire interval and season.

Fire regimes have changed in the last 150 years or so (e.g., Stanton, 1992; Russell-
Smith et al., 2003a) in association with the general replacement of indigenous land
management by pastoralism, changes in human dispersion, changed fuel conditions.
and the spread of exotic invasive grasses. Global warming can be expected to produce
further changes and attempts to reduce emissions of greenhouse gases such as those
from fires (see below): thus, with frequent fires and a vast area, increasing attention is
being paid to the greenhouse gas implications of management (Gill et al., 1990:
Russell-Smith er al., 2007). Like other savannas of the world, those in northern
Australia generate the majority of such cmissions that result from biomass burning
in the continent (Meyer, 2004; Russell-Smith er al., 2007).

A living legacy of changes in fire regimes can be found in landscapes in the form:
of increased tree and shrub density. The relationships between woody plants, grasses.
and fires is important in relation to the cattle industry, biodiversity conservation, and
global warming.

5.5 RELATIONSHIPS BETWEEN FIRE, WOODY PLANTS,
AND GRASSES

As with tropical savannas throughout the world (Scholes and Archer, 1977), in

northern Australia the tree—grass relationship is driven primarily by rainfall (Liedloff

and Cook, 2007) and soil type; the general lack of trees on the Mitchell Grass
(A4strebla) grasslands can be attributed to the clay soils there (Figure 5.1; Thackway

and Cresswell, 1995). However, in this section. empbhasis is placed on the dynamics of

woody plants locally and the impact of fire regimes, a secondary driver of the grass-

tree balance. Where woody plants become more abundant, the grass component of

the community can be expected to diminish.
Tree survival in a fire is a function of fire intensity, the height of the tree, and its

bud-protective mechanisms (Gill. 1993). In the Top End, the study of the effect of

fires on trees has largely been directed towards the ubiquitous cucalypts (Williams er
al., 1999) and the sporadically distributed conifer Callitris intratropica. Seedlings and
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saplings of Callitris are readily killed by fire, and adults may be readily killed if the
crowns are completely scorched (browned). If scorched trees of Callitris have no
canopy-stored seed then local extinction can occur as this seed is the only source of
regeneration; the species is an obligate seeder (Yates and Russell-Smith, 2003). Fires
have led to the depletion of Callitris in various parts of northern Australia (e.g., Yates
and Russell-Smith, 2003), probably because of changes in fire regimes associated with
the arrival of Europeans (Bowman and Panton, 1993).

Eucalypt trees behave quite differently from Callitris in the face of fire. They
often recover after crown-scorching fires and even after above-ground stem death.
Williams et al. (1999) found stem death to increase quite markedly with increasing
intensity and whole tree death to increase in the same manner but at a much reduced
rate; smaller and larger tree stems were the most affecied in their model. In Queens-
land, P.R. Williams er al. (2003) found that eucalypt saplings were suppressed by
frequent fire (<4-year interval). In the simulations of Liedloff and Cook (2007),
frequent fire, in the early or late dry season, affected the size distribution of stems
by continually removing recruits and killing larger stems.

Woody plant thickening (typically an increase in the density of woody stems) has
become an issue on pastoral properties across the savannas (Crowley er al., 2004,
p. 36)--including parts of the Kimberley (Craig, 1997), the Top End (McGuffog and
Starr, 1997; Dyer and Stafford Smith. 2003). central Queensland (Landsberg, 1997;
Burrows ef al., 2002), Gulf country (Grice, 2006) and Cape York Peninsula (Neldner
et al., 1997, Crowley and Garnett, 1998). This may be detrimental to pastoral produc-
uvity and lead to decline of grassland ecosystems and the biota that depend upon
them (Stanton, 1992: Neldner ez al.. 1997: Crowley and Garnett, 1998; Crowley, 2001;
Crowley et al.. 2004), but conversely may benefit bird species diversity following
partial vegetation clearance (Tassicker et al., 2006) and can increase carbon storage in
woody material, thereby benefiting users of a carbon-trading scheme (Ockwell and
Lovett, 2005).

The complex dynamic of the tree—grass relationship is influenced differentially
icross the region by variations within grazing (Sharp and Whittaker, 2003) and fire
regimes, by climatic variation and more globally by changes in greenhouse gas
concentrations (Bond er «l., 2003). Periods of above-average rainfall may trigger
>xceptional episodes of woody plant recruitment (Crowley, 1995, p. 13; Fensham
and Fairfax, 2003), while extended periods of below-average rainfall may trigger
2xceptional rates of tree mortality across broad areas (Fensham and Holman,
1999). With very low fire frequency or fire exclusion. woody thickening can occur

Bowman er af., 1988; Crowley and Garnett, 1998; Russell-Smith er al., 2003c).

Grass is a major fuel of the savanna but also the major food of cattle
-generally Bos indicus) on pastoral properties. The pastoralist is faced with a choice
At using grass for cattle or grass for fire (Liedloff ef al., 2001; Dyer and Stafford

~mith, 2003) but the choice can be pre-empted by an unplanned fire. Without fire,
“here is the chance of an increasing density of native or exotic woody plants which
‘hen deplete pastures. With fire, pastures are temporarily removed but woody plants
.re suppressed; this is a simplistic characterization of the situation as fires have a

ariety of advantages to the pastoralist as well as disadvantages (Leigh and Noble,
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1981; Dyer and Stafford-Smith. 2003). The management key here is the choice of
the appropriate firc regime {or various parts of a pastoral property for different
purposes using fires of different intensities. times of year. and intervals (Leigh and
Noble, 1981; Liedloff er al.. 2001; Dyer and Stafford Smith, 2003; Crowley et al.,
2004, pp. 18- 20).

The interactions between rainfall, livestock grazing, and fire regimes as they
affect temporal aspects of woody plant—grass relationships is a theme that extends
beyond savannas. Muluple stable states are possible according to the models of
Janssen et al. (2004) who applied them to sheep country in New South Wales,
Australia. These authors showed the importance of rainfall variability to their results.
an outcome also emphasized by Liedlofl and Cook (2007) who concluded, for tree
density across a rainfall gradient: “While fire is an important factor in northern
Australia, the model mdicates its effects on tree populations at a sub-continental
scale are secondary to the impact of rainfall variability.”

Changing climates and vegetation, along with land use intensification. may cause
shifts in carbon stocks and fluxes. Cattle grazing and its intensification may have
increasing importance given the methane content of emissions from ruminants
(Blaxter and Clapperton, 1965; Howden and Reyenga: 1999), whilc the creation of
a market for carbon “has the potential 1o drive land usc away from fire-assisted
pastoralism toward sustainable forestry and environmental conservation’ in north-
ern Australia (Ockwell and Lovett, 2005). Thus, the management of greenhouse
gases and biodiversity conservation in Australian savannas can be considered to
be a cross-tenure issue of increasing importance.

5.6 FIRE, GLOBAL WARMING, AND GREENHOUSE GASES

5.6.1 Predicted changes in climate

Rising concentrations of greenhouse gases such as CQ,. CO, CH,, N,O. and NO, in
the atmosphere (grecenhouse gas emissions) cause increased planetary warming and
other atmospheric changes which, in turn. affect nearly all aspects of life on Earth
(TPCC, 2007). Predictions of changes in climate as a result of human-mediated
emissions in the decades ahead can be made by using global climate models assuming
various cmission scenarios and by extrapolating current trends.

The regional climate of northern Australia has changed since the beginning of
the 20th century (fittp:;wwie.bom.gov.auwicgi-bin{siloiregicli_chgitrendmaps.cgi), and
further changes arc predicted as a consequence of global climate change (Pearce et al..
2007). Since about 1950, northwestern Australia has become wetter by about Smm
per year. bul there have been declines in rainfall over much of the drier inland
savannas of the Northern Territory and Queensland. Mean annual temperature
has been generally rising in the same period but not so in the Kimberley region of
Western Australia. Pan evaporation has generally declined over much of the savanna
biome since 1970 and this has considerable significance for fire behavior as it appears
to be due to a reduction in wind speed (Roderick er al., 2007).
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vice of . With due caveats for imprecision and regional variation, predicted climate
fferent ‘ changes for northern Australia by 2030, as a consequence of greenhouse gas—induced
th and global warming, are for an increase in temperature of about 1°C and an increase in

et al., the number of days on which temperatures exceed 35°C in major centers like Darwin,

Broome, and Cairns (Pearce er al., 2007). Predicted changes in annual rainfall are

s they - either nil or show small decreases of about 1% to 3%. Other changes predicted by
xtends Pearce et al. (2007) are that evapotranspiration will increase and relative humidity
lels of : will show little change or record a small decrease. Predictions with respect to the
Wales, : southeast Trade Winds, which predominate during the dry season (southern winter
esults, - and spring), are either for no change or increases of 2% to 5%. There is a likelihood

or tree of an increase in incidence of severe cyclones (Pearce ez al., 2007). Lightning ignition

rthern of fires may increase (Goldammer and Price. 1998).

nental Predictions made by extrapolating current climatic trends and those made by
_ most global climate models are presently inconsistent for parts of northern Australia

/cause but the situation may be resolved for the northwest, at least for rainfall. by the

y have . inclusion of Asian aerosols in the models (Rotstayn et al., 2007).

linants Climate change alone may or may not cause major changes to the fire regime of

Jdon of _ the savannas but rising human populations. patterns of human ignitions of fires, land
ssisted use, grazing intensification, and the spread of exotic plants such as gamba grass
north- (Andropogon gayvanus) (Rossiter et al.. 2003), are likely to do so.

1house
red to

5.6.2 Management of emissions

Managing savannas for carbon raises a number of questions. How best can we
manage grass-——use it as fuel for fires, or for cattle fodder. or just let it decompose
(Gill et al., 1990)? Would some forms of management allow grass to be replaced by

woody vegetation which maximizes carbon storage and offsets emissions?
In the Top End (Figure 5.1) and some other parts of northern Australia, fires in
NO, in the late dry season may be extensive and of high intensity, resulting in widespread
ng and consumption of fuel and the potential death of trees (Willlams er al.. 1999).
Earth - In comparison. fires in the early dry season may be of relatively low intensity
diated ' and consume less fuel. Greater tree death means less carbon sequestration and
uming more carbon in the atmosphere; alternatively, tree thickening creates a gain in

' sequestration.

ing of A short-term perspective on losses and gains through burning is apparent from
), and ihe Kapalga experiments (Andersen ez «/.. 2003b) in the Top End provinece where tree
el al., Jeath from high-intensity fires increased the net emissions per fire by 15-44 times

Smm compared with the emissions {from the burning of fine fuels by low-intensity fire
infand Cook, 2003). Similarly. estimates using a number ol methods, suggest that the
rature ,_ videspread Eucalyptus miniata-E. tetrodonta savannas of higher rainfall areas of
ion of : ~orthern Australia are a carbon sink. even when burnt by early dry-season fires

vanna Williams et al., 2004: Beringer er al.. 2007). Sequestration capacity can be decreased
pears . ~y repeated late dry-season fires and. under these circumstances, fires can be a net
«urce of carbon to the atmosphere (Cook er al., 20095).
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If cattle consumed the grass, fire-caused emissions might be depleted due to fuel
reduction and lower fire intensities. However, northern Australia’s 14 million head
of cattle (Petherick, 2005) emit copious quantities of methane (e.g., Blaxter and
Clapperton, 1965; Howden and Reyenga, 1999; NGGIC, 2005), which has a green-
house gas effect much more potent than carbon dioxide (Hansen et al., 2007). With
less grass and more trees, and therefore more carbon sequestration (Williams et al..
2004), there may be fewer cattle. and fewer cattle—in general terms only -may mean
less income for pastoralists,

Cattle properties have benefited from the introduction of productive exotic
grasses but the escape and naturalization of such grasses has raised the potential
for the loss of tree-stored carbon and increased emissions from burning, particularly
with gamba grass. On pastoral properties gamba grass fuels may be reduced by
grazing but on propertics devoted to other land uses rcduction by grazing does
not occur. Gamba grass can reach 4m in height and have a standing biomass of
up to 17 t/ha—which is up to seven times that of the local grasscs (Rossiter ef al..
2003). Unpublished data show fuel loads can reach 30t/ha (N. Rossiter, pers. com-
mun.). Measurements suggest that this cxotic grass has the potential to raisc the fire
intensity to at least eight times that of fires in native grasses in the early dry season
(Rossiter et al., 2003). [nvasion of this grass initiates the grass—fire cycle in which fires
arec more intense, thereby decreasing tree canopy cover and increasing the grass to
tree ratio until grass dominates the system (see Rossiter ef al., 2003). Thus, reducing
the extent of gamba grass will bring greenhouse gas abatement benefits.

Given the complex inileractions between grazing, fire, and greenhouse
accounting, especially with respect to methane, further investigation of interaction~
between pasture production, grazing, fires, and tree demographics is urgently needed
for this region; a cue may be taken from Moorc ef al. (2001) who simulated burning
and grazing effects on a semi-arid rangeland, but outside the region of interest; the
system could be managed as a source (with livestock grazing) or a sink (especially
without grazing or burning) for emissions.

5.7 BIODIVERSITY AND FIRE REGIMES

The effects of fire regimes on indigenous biodiversity may be seen in two contexts: in
non-park landscapes generally (where fire regimes interact with cattle-grazing
regimes); and. in the conservation-reserve context. In Section 5.7.1, examples of
the interaction of plant and animal species and grazing and fire regimes are described
In Section 5.7.2, some examples of responses of biodiversity to fire regimes in
conservation reserves are considered.

5.7.1 Biodiversity, fire, and grazing regimes

In concert with the gradual transitions of dominant grass species across the
longitudinal expansc of the northern Australian savannas, there is a muted change
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in native animal species (Woinarski, 1992). The most notable directional trends are
associated with the rainfall gradient (and tree density) from relatively high on the
north coast to relatively low in the inland south (Woinarski et al., 1999a).

There are clear indications that there have been, and continue to be, substantial
changes in the faunal biodiversity of northern Australia since European settlement of
the area about 150 years ago. Unsurprisingly—given that fire and pastoral impacts
are concentrated particularly in the grass layer —change appears most pronounced in
granivorous (seed-eating) birds and in the assemblage of small native terrestrial
mammals. Animal species that have particular dependencies on one or a few grass
species for at least part of the year have been particularly prone to decline. Both fire
regimes and grazing regimes affect the species composition of the grass layer and
thereby affect the native amimals that depend on them.

The grazing regime may be defined in parallel with the fire regime (Gill. 1975) and
have as its component variables the type of herbivore (e.g., grazer;browser or par-
ticular species). the season of feeding. the intensity of feeding, and the intervals
between feeding at points on the ground (Gill. 2008). To the extent that the grazing
regime affects the fuel. and thus fire behavior, there is an interaction between the
srazing regime and the fire regime. In a semi-arid fringe area of northern Australia,
suijdendorp (1981) studied the interactions of grazing by sheep and fire. He found
that pastorally inspired winter burning had a detrimental eflect on Triodia pastures
~ut that summer burning with deferred grazing was best for them. There were
‘nreractions between the effects of fire and grazing regimes on vegetation composition
:hat favored sheep on the one hand and native herbivores (in this case euros,
Vacropus robustus) on the other.

In eastern Queensland, Themeda-dominated pastures have been replaced in many
areas by Heteropogon-dominated pastures (Shaw and Bisset, 1955; Shaw, 1957;
Groves and Willlams. 1981; Crowley and Garnett. 1998). Themeda is palatable,

«ad 1s replaced by Hereropogon confortus under heavy grazing. However, even
«ithout livestock grazing, Walker et al. (1983) found that the proportions of
Fhemeda and Heteropogon varied in response to the season of burning.

The strongest evidence of broad-scale changes in native fauna due, at least in
~art. to fire and grazing comes from the detailed reporting of bird observations over
dout 60 years by Barnard (1925, 1934) at a single pastoral property in central
ucensland, with a further assessment of the bird fauna at that location about
1) years later (Woinarski and Catterall, 2004). Together these observations
.onstitute a chronicle spanning about 120 years since the introduction of pastoralism

» this area. Of 192 bird species with adequate information, 18 species disappeared

rom the property over this period. a further 68 species declined, 13 species
wereased, and 11 species were new colonists. The species that suffered local loss
-t decline included many that favored dense grassy understories, and some that
‘vored fine-scale vegetation mosaics including both open and relatively dense
.nderstories.

Franklin (1999) provided cvidence for the above pattern of change to be
=revalent across northern Australia by means of an analysis of historical changes

* the reporting rates of granivorous bird species. Over the historical span of his study




128  Fires in Australia’s tropical savannas [Ch. S

(150 years), he found declines in 12 of the 49 species considered and increases in three
species. One species was “‘probably extinct” while two species were considered to be
“critically endangered”. Declines were most marked in Jocations exposed to the
longest history of, and most intensive, pastoralism, and in environments with little
topographic relief (Franklin ef al., 2005).

A strong role for grazing and. interrelatedly, fire, in structuring faunal
communities of the tropical savannas of northern Australia has been demonstrated
in a range of cxperimental (e.g., Woinarski and Ash, 2002) and correlative studies
(e.g., Kutt and Woinarski, 2007). In cxperimental studies with no pastoral factor.
long-term imposition of different fire regimes produced substantial divergence in
fauna (Woinarski, 1990; Woinarski et al., 1999b. 2004; Pardon et al., 2003: Corbett
et al., 2003; Andersen et al., 2006), typically with the most notable polarization in
faunal communities being between long-unburnt treatments and those burnt
frequently by intense late dry-season fires.

Research on individual fauna species has revealed much of the important detait
that underpins community-based responses to fire regimes. and demonstrates that
there may be highly idiosyncratic—but ecologically pivotal—rclationships between
individual animal species and components of fire regimes. For example, the ecology
and persistence of some animal species may be linked irrevocably with one grass
species. or a small subset of such species. The endangered golden-shouldered parrot
(Psephotus chrysoptervgius) of Cape York Peninsula is one such case (Crowley er al..
2004). For part of the year (the early wet scason), the principal seeds available in the
landscape for this granivorous bird are these from cockatoo grass (Alloteropsic
semialata). Grazing and uprooting by cattle and pigs, respectively, reduced the seed
production of this grass species (Crowley and Garnett, 2001: Crowley et al., 2004).
Where pastoral managers have hit fires aflter carly storms at the start of the wet
scason. seed production may be delayed by a month. Thus, where this “storm
burning” is practiced patchily. there can be a landscape-wide expansion in the
temporal availability of these sceds. and hence a direct benefit to the parrots (Crowley
and Garnett, 2001; Crowley ef al.. 2004). Similar circumstances have been reported
for other declining granivorous birds (Woinarski ez «l., 2005). While the scasonal
timing of burning may influence the timing of seed production, the overall abundance
of cockatoo grass may also be affected by fire interval as shown by ils substantiai
increase following five years of fire exclusion at Kapalga (Top End province:
(R.J. Williams et al., 2003b} and in the absence of grazing by livestock.

Other animal specics may be keyed into the spatial patterning of fire events. The
threatened partridge pigeon (Geophaps smithiiy, a ground-dwelling granivore.
requires both unburnt areas (for providing shelter from predators for its rudimentan
ground nests) and burnt areas (to enhance access to the fallen sceds on which it feeds:
(Frascr et al.. 2003); and, its survival and reproductive output will be maximized
where these are both available simultaneously within its territory -that is, where fires
are of relatively low intensity and provide a fine-scale (1 ha to 10 ha) mosaic of burn:
and unburnt patches. A similar preference for heterogencity has been demonstrated
and modcled for the iconic frilled hizard (Chlamydosaurus kingii). where sarvival i~
typically low in unburnt arcas (because dense grasses reduce foraging ability) and in
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. period soon after intense late-season fires (when the fires themselves may kill
ards) (Griffiths and Christian, 1996).

= 7.2 Biodiversity conservation in reserves

'y savanna region of northern Australia contains many areas set aside for nature
aservation. These areas have regional, national, and international significance as
oy include World Heritage Areas like Kakadu National Park (Top End) and

~wnululu National Park (Kimberley).

Two major cxperimental programs have been conducted in, or near. Kakadu
~ tional Park (Top End): the Kapalga experiment (Andersen et al., 2003b) and the
“{.nmarlary experiment (Bowman er a/., 1988; Russell-Smith et /., 2003c). Here we

-wh the findings of these studies, introduce fire-related concerns associated with

roduced species, and note the effects of fire regimes.

Over the two to three decades of the Munmarlary experiments, metronomic

‘nual burning maintained the dominance of annual Sarga—a major fuel species
the Top End-—while, in the absence of fire, annuals, including Sarga, declined;

-anwhile, the perennial grass Eriachne triseta, and shrub cover, increased (Russell-
mh et al., 2003¢). The small size of plots in the Munmarlary experiment (1 ha)

- ccluded their general utility for the study of faunal responses, but the unburnt plots
~ported more bird species associated with a relatively dense woody understory
2ot (Woinarski, 1990).

The Kapalga experiment was larger in spatial scale, but conducted over a

. atively brief period (5 years) (Andersen et «/., 2003b). In the ground stratum of

< woodlands there, plant species composition was not affected by variation in the
> regime but was strongly correlated with wet-season rainfall and the cover of the

~nual Sarga (R.J. Williams ef al., 2003b). Annual Sarga can be locally climinated by

o~ in the early wet season, soon after its germination (Williams and Lane. 1999), a

ot used by managers to reduce fuel loads in strategic areas, thus assisting with the
atrol of late dry-season fires.

in the Kapalga experiment. small mammals in general increased in the unburnt
satment compared with both early dry-season and late dry-season fire treatments
le relatively [ew species of frogs (1 of 11), lizards (5 of 16), or birds (5 of 25) were
‘tocted by experimental treatment (Corbett et «f., 2003). Those animal species that
ore affected by fire treatment did so in a varicly of ways such as by population
~Juction or increase under late dry-season treatment, or reduction or increase in
sburnt relative to fire treatments (Corbett er a/.. 2003). Such variation is to be
spected and highlights the importance of: (i) conserving the species rather than
“aximizing populations; and, (i) varying fire regimes within limits appropriate to
~inagement aims (Gill, 2008). Some species. such as the northern brown bandicoot

Hoodon macrourus), a small fossorial marsupial. decreased under all fire treatments,

* wsibly because it is reliant on a mosaic of burnt and unburnt patches that is finer

-_.led than that produced in the 15 km? to 20 km? landscapes of the firc treatments in
~ experiment (Pardon et al.. 2003).
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At Boggy Plains, a wetland in Kakadu National Park, the native grass
Hymenachne acutigluma proliferated when populations of feral Asian water buffalo
(Bubalus bubalis) were removed (Robinson and Whitehead, 2003). In a program to
restore pre-buffalo assemblages of plant and animal species to the wetland, low-
intensity fires were ignited twice within a short period in the late dry season (CSIRO.
2005; Davidson, 2005). This caused a marked change in plant species composition in
the wetland. {rom the Hymenachne-dominated one to one with a variety of native
plant species including red lily (Nelumbo sp.) and other water lilies, wild rice
(Oryza meridionalis), and water chestnut (Eleocharis dulcis) (CSIRO, 2005; Davidson.
2005).

A number of vigorous grasses have been introduced into northern Australia to
increase the productivity of pastures for cattle: besides gamba grass (mentioned
above), these include para grass (Urochloa mutica), and mission grasses ( Pennisetum
spp.). Para grass has spread to wetlands near Kakadu National Park on the
Mary River (Ferdinands er «l., 2005). This species can completely exclude all species
of native vascular plants. including the native wild rice and native birds. Ferdinands
et al. (2005) point out that wild rice is a critical resource for the magpie goosc
(Anseranas semipalmata). the most characteristic bird species of floodplain areas.
because it produces “large and abundant carbohydrate and protein-rich seeds” which
are a preferred food source for their newly hatched young.

Individual species form communities which vary in structure according to the
stature and density of the constituent plants. Fire regimes affect both the structure
and the composition of savanna communities as noted above but, embedded within
these communities, are closed forests (rainforests) with apparently different
responses. These embedded communities (often in particular and limited topographic
or other positions that provide some shelter from fire) have substantial conservation
value, especially in national parks. In parts of the savanna that now have frequent
intense fire, these communities. such as monsoon rainforests and heathlands, may be
shrinking (Russell-Smith and Bowman. 1992). Conversely, there is recent evidence of
widespread cxpansion of at least some rainforest types (a spatial counterpart to the
vegetation thickening described above). While there are substrate limitations to
expansion. “‘low fire disturbance” and favorable moisture conditions (Russell-Smith
et al., 2004a. b) and/or changes in greenhouse gases (Banfai and Bowman, 2006) may
be implicated. However. the impacts of fire regimes on the rainforest boundary are
complex (Williams, 2000) but dramatically altered when invasion by highly flam-
mable Lantana camara occurs as it has in north Queensland (Fensham er al., 1994).

Scientists working in savanna conservation reserves highlight the need for
adaptive management (Andersen et «l.. 2003a: Russell-Smith ef al., 2003c).
Russell-Smith er al. (2003c) suggest further that adaptive management involving
collaborative partnerships between managers and scientists is desirable; they question
the value of experimental studies using deterministic fire regimes because fire regimes
“vary idiosyncratically over multiple time and spatial scales.” Such variation for
between-fire intervals is reflected in the randomness of fire occurrence at a point in
the landscape as in Kakadu National Park (Gill et a/.. 2000). Incorporating random-
necss as a formal treatment in experimental programs constitutes a major challenge.
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5.8 PROTECTION OF HUMAN LIFE AND PROPERTY

Until very recently, fires in northern Australia have been regarded as posing a very
low risk to human life and infrastructure; hence, the management of fire has been
restricted largely to pastoralists who want to maintain good habitat for their animals,
Lo managers of conservation lands who attempt to use firc to maintain an optimal mix
of habitats for biodiversity. and to indigenous people who use fire according to
various cultural imperatives. The spread of vigorous exotic pasture grasses has meant
that fire is becoming a problem for the society of northern Australians more
generally, even the suburban or semi-suburban householder.

Attention in this section is focused on the area around the village of Batchelor,
about 70 km south—southeast of Darwin. in the Top End province. The arca consists
of rocky hills and sometimes extensive flats all covered with shrubby or grassy
woodland. Relatively small holdings (0.5 ha) are a feature of the landscape. and there
are several villages in the area. but holdings may be as large as 6,000 ha. Mango
orchards are sometimes established where there are deeper soils: Asian buffalo or
cattle are raised on some properties while other properties are undeveloped as far as
farming or horticulture is concerned: the latter properties retain the appearance of
natural woodland although houses and other buildings have been erected in clearings.

In 1980 gamba grass was introduced into the area as a pasture grass.' In the late
dry season, peaking in this area in Augusi—September. fire weather can reach
“extreme™” on the McArthur Mark 4 grassland meter; Trade Winds may reach speeds
of 35km/hr. with gusts 50% higher (Northern Territory Branch, Commonwealth
Bureau of Meteorology. pers. commun.). Air temperature in the shade may be 37°C
or more at 3 pM while relative humidity can drop to 20% (Northern Territory Branch
of the Bureau of Meteorology. pers. commun.). In the evening a strong sea breeze
may travel through the area from the northwest —as opposed to the daytime Trade
Winds from the southeast thereby complicating fire control: the duration of the sea
breeze extends as the dry season progresses.

With extreme weather and high fuel loads due to gamba grass (see above). fire
suppression is sometimes impossible and losses of buildings including a house have
oceurred. Flame heights of up to 15 meters have been observed with spot fires
ocecurring up to 1 km ahead of the fire front, and a maximum rate of spread of a
fire noted as being Skm in 235 minutes. in 2004. These fires are dangerous for
arefighters and residents alike. Filters on vehicles are readily clogged in thick smoke
ind the vehicles then disabled. rendering their occupants in peril.

Fuel managers aim to establish buffer arcas for fire spread by burning the gamba
arass early in the dry season. Fire suppression capacity at prescribed fires 15 ramped
up as the dry season progresses because the chances of fire escape increase
concomitantly. The first prescribed fire occurs while the plants are carrying dead

‘zaves below the mostly green foliage: a follow-up fire in the same season may be

The information in this section, unless otherwise noted, was supplied by the regional
~unagement officer of NT Bushfires, John Whatley. and his informed team -especially Sue
* amb and Lee Humpbhris.
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needed to burn regrowth or the dead fuel created by the first fire. Heavy grazing. early
dry-season cutting and harvesting, and protracted use of herbicides may reduce
grassy fuel loads to low levels. Gamba grass may burn at any time of the year,
weather permitting: however, fire spread in the wet season may be more likely if fuel
has accumulated over at least a 2-year period.

In this area, pamba grass is spreading rapidly. At the same time, the human
population and numbers of dwellings in the area is growing. Few people arc aware of
the seriousness of the fire issue because it 1s a relatively new one and people moving
into the area may come from areas without this grass. Dense stands of the grass occur
in the vicinity of the city of Darwin and its satellite Palmerston in the Northern
Territory and also in Queensland. Further serious consequences of fires in gamba
grass seem inevitable.

With large fuel loads and intense fires. the smoke volume arising exacerbates an
already high smoke load in the regional atmosphere during the dry season. the
adverse air quality increasing hospital admissions for asthma suffercrs (Johnston
et al., 2002).

5.9 DISCUSSION AND CONCLUSIONS

Fire regimes. and the environments they interact with, vary spatially at different
scales. Fire interval, season of occurrence. and fire intensity all vary in ecologically
significant ways in northern Australia. Peat fires may have local significance. Firc
patchiness can be important at the event level—such as in the grazing-burning
Interaction on grasses—but the effects of patch size distributions of land with specific
between-fire intervals and times since fire, as shown by Gill ef o/. (2003). has not been
cxplored; landscape dynamics of fire-prone environments may be better understood
when the dynamics of patches with different between-fire intervals (and other
components of the fire regime) are also understood.

Fire regimes have changed over the course of the last century, and continue to
change. This change has led to some significant environmental change, including, in
some places, woody plant thickening but, in other places, decline of woody species
like Callitris intratropica. With increasing intensification of the cattle industry, global
warming, and further spread of exotic plants. perhaps even more rapid change is to be
expected. These changes will affect the species composition of pastures and vegetation
gencrally and, in turn, affect populations of dependent fauna. There is an obvious
challenge to conservation managers as a result.

With the uncertainties of the future. the continuance and increasing the
resolution and verification of fire mapping (Pereira, 2003) is essential. Enhancement
of the monitoring of fires by remote sensing of firc intensity within and between
events, or routine recording of the distribution of char and scorch heights in woody
vegetation is possible but universally overlooked to date.

Fire is one of several key event-based drivers of ecosystems across northern
Australia. If we are to have an understanding of management issues such as global
warming, cattle husbandry (rather than “hunting”— Lewis, 1985), conservation of
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g, earl isiinctive biodiversity and human health and safety, we need to improve and
reducy wegrate knowledge of fire regimes, herbivory, climate and resource economics.
e year. wohieving such understanding remains a challenge despite the many gains in
if fue! »~owledge so briefly summarized in this chapter.
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