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Abstract
Thetropical savannasof northern Australian are proneto firedue to the region’ shighly season
rainfall. Fires are common, and most frequent late in the dry season when the fires are most
destructive. A consistent finding of studies into the effect of fire on soil erosion in northern
Australiaisthat the reduction in ground- and canopy-cover by late dry season firesincreases
soil erosion by a factor of 2-3. Early dry season fires, even after several years of fuel
accumulation, can have undetectableimpactson soil erosion compared to unburnt areas. The
effect of fire on stream bank erosion, caused by thereduction inriparian vegetation, however
has not been examined, nor the longer-term implications of accelerated soil erosion on the
integrity of the Australiantropical savannalandscape.

Introduction

Thetropical savannasof Australiaoccupy almost 20% of the Australian continent (Fig. 1)
an area of 1.9 million km?, and are dominated by eucalypt woodlands with a continuous grass
understorey on typically nutrient poor soilsinahighly weathered |andscape. Thesavannasare
proneto fire due to northern Australia’ s highly seasonal rainfall. Wet season rains between
December and March promotethe profuse growth of vegetation, in particular annual grasses
and herbs. Over thefoll owing dry season months, between May and September, thesegrasses
and other vegetation material cure and become highly flammable.

Between 1997 and 2001, an average of 19% of the savannas were burnt annually
[Russell-Smith et al. 2003]. In parts of northern Australia (Fig. 1), however, annual fire extent
can exceed 50%. M ost of thesefiresarehumanllit, with only avery small proportion caused by
lightning strikes between October and December. The current frequency and extent of fireis
believed to be considerably greater than traditional Aboriginal use of fire before European
colonization, in particular the prevalence of fireslatein thedry season.

Theintensity of latedry seasonfirestendsto be higher thanfiresearlier inthedry season
[Williams et al. 1998]. At Kapalgain Kakadu National Park (Fig. 1), theintensity of fireslate
in the dry season (average 7700 kW m*, n=14) were three times more intense than firesin the
early part of thedry season, dueto theaccumul ation of |eaf litter over thedry season, lower fuel
moisture, and morefavorableweather conditions. Thistrendfor higher fireintensitieslater inthe
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dry season however isinfluenced by theaccumulation of fuel betweenyears. Fireintensitiesin
thetropical savannasof Australiaare of lower
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Fig. 1. Tropical savanna of Australia, and fire-soil erosion study sites.

intensity thenthewildfires of southern Australian and rarely if ever include crown fires [Williams
et al. 1998].
Review of fireand soil erosion studies.

Researchintotheeffectsof fireonthetropical savannasof northern Australiahasmainly
focused ontheimpact on biodiversity [e.g Andersen et al. 1996]. Theimpact of fire on soil
erosion andthefluvial export of sedimentislesswell studied, but could be amajor determinant
of long-term changesin the savannalandscape. Thisextended abstract reviews the recent, albeit
few, studiesinto the effect of fire on soil erosion in the Top End of the Northern Territory,
Australian (Fig. 1).

Two approaches have been applied to evaluate theimpact of fire on soil erosioninthe
tropical savannas of the Top End. These have been the use of erosion pins to directly measure
soil loss or gain from a site within a catchment, and the collection of water samplesfor the
determination of fluvial suspended sediment | oadsexported from catchments.

Erosion pin studiesmeasurethe soil surfacerelativeto apin set flush with the surface. Soil
lossesor gainsare measured after awet seasonwith vernier calipersfrom thehead of thepins.
Onlowland slopes of <1%, in open woodland and forest at Jabiru, Duggan (1988) reported a
mean soil gain for all unburnt sites of +1.25 mm and +0.33 mm for burnt areas. Soil deposition
waslower intheburnt areasduetoincreased surfacemobility of gravel and sand that resultedin
the net erosion in some sites. Duggan (1988) showed that soil deposition increased with pre-
wet season litter and surfacegravel cover. Themain mechanismfor soil movement wassurface
wash, rather than rain drop displacement. Leaf litter reduced surface water velocities whereas
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gravel dissipated the erosive energy of rain drops to reduce erosion. On steeper slopes (3-
25%) at TortillaFlats and Bradshaw, Russell-Smith et al. [2001] reported soil lossesin areas
burnt late in the dry season that were three times higher than unburnt areas, and they attributed
this to theremoval of amost all ground cover. Fires early in the wet season [Russell-Smith et
al. 2001] on similar slopesalso increased soil erosion.

As part of the Kapalga landscape-scale experiment (Fig. 1) on the effect of fire on the
Top End savanna environment [Andersen et al., 1996], the fluvial loads of suspended
sedimentswere determined over three years for threefireregimes: fire exclusion (unburnt), early
dry season (May, June), and late dry season fires (September) [Townsend and Douglas,
2000]. Sediment loads from the catchment burnt latein the dry season were on average 2.4
timesgreater than loadsfrom the unburnt and early burnt catchments, which were both similar
The catchment burnt latein the dry season featured episodi ¢ runoff events, before the stream
commenced continuous wet season flow. These carried concentrationsof suspended sediment
of up to 1000 mg/L and were tentimeshigher than later wet season storm concentrations.
Townsend and Douglas (2000) concluded that the high loads from the late dry season burnt
catchment were due to reduced ground and canopy cover.

Thesignificance of catchment cover inmitigating soil erosion wasfurther demonstrated
whenthefireregimeof the Kapal gacatchment studied by Townsend and Douglas [2000] was
changed from alate to an early dry season burn [ Townsend and Douglas 2004]. In the year
immediately following theintroduction of theearly dry season burn, the suspended sediment
load of run-off eventswas halved, and decreased further over the next two wet seasons.
Moreover, the frequency of early wet season episodic run-off events was reduced by 80%.
Thisrapid catchment responseto aregimeof lower intensity dry season burnswasattributed to
a25% increase in grass cover, 50% increase in canopy cover, and 15 fold increase in litter
cover.

Areasnot burnt for many yearswill accumulatefuel, increasing thelikelihood of anintense
fire. Thisscenario wasexamined for aK apal gacatchment that had been excluded fromfirefor
10years, and was burnt in May, early in the dry season [ Townsend and Douglas, 2004]. The
intensity of thisfire (estimated from the height of tree scorching) was dlightly morethan the
average dry season fireintensity. There was no detectable effect on the stream suspended
sediment concentrations compared to pre-fire data. The low fire intensity was attributed to
relatively highfuel moisturecontent and lessfavourablewesther conditionsthanthoselater inthe
dry season. Importantly, the retention of canopy cover and notably the accumulation of litter
following the wildfire, as well as the catchment’srelatively flat terrain, contributed to the
negligible effectson stream sediment loads.

Conclusion
Althoughtherearefew studiesintotheimpact of fireon soil erosion, aconsistent findingisthat
the loss of ground and canopy cover by fire increases soil erosion, and that thisimpact is
dependent on catchment slope. The effect of fire on erosion of stream banks, through the
reductioninriparian vegetation [Douglas et al. 2003], has not been examined, but could be
sgnificant. Fires late in the dry season cause a marked reduction invegetation cover, and so
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increase soil erosion. Thelong-term effect on the ecological integrity of the savannalandscape
of increased soil erosion and possible degradation of stream banks, caused indirectly by late dry
season fires, however is not known.
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