Fire and wildlife conservation
in the mallee – key points
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1. Mallee is a flammable ecosystem and fire is a natural component of the environment.
Vegetation and habitats change in response to fire (and other factors). Fires will continue to
occur in the mallee naturally from lightning strikes.
2. Large fires (>10,000 ha) occur somewhere in the region regularly (~10-20 years). However,
fire mapping shows that long intervals occur between fires at any single point in the landscape
(~ 40-100 years or more).
3. Habitat features, essential for fauna, change over long time-scales. Spinifex, for example,
reaches maximum cover around 30 years post-fire, and the proportion of mallee stems with
hollows increases for a century. This can far exceed the time for key plant species to grow,
reproduce and set seed. Planning and management need to encompass similar time scales.
4. Most primary types of fuels for fire do not increase substantially beyond 30 years post-fire
(e.g. spinifex, litter, shrub cover); some, like loose bark on trees continue to accumulate, but
tree density declines and gaps between trees increase.
5. Mallee wildlife show a range of responses to time since fire. Some species occur irrespective
of fire age; others are more likely to occur at particular stages (early, mid or late succession).
Few species occur only in one stage post-fire.
6. Animal responses to time since fire are primarily driven by changes in vegetation structure
(which provides them with food, shelter and refuge). The goal is to manage for vegetation
composition and structure, not just fire age-classes.
7. For effective fire management, focus on the requirements of species known to be sensitive to
fire (rather than managing for overall species richness). Most other species are also likely to be
accommodated by such an approach.
8. The total amount of suitable habitat (of a particular fire age-class or vegetation type) is a key
influence on the status of wildlife (communities and many species) in the landscape. Older
age-classes appear to be particularly important (e.g. 20-50 years post-fire for spinifexdependent species). While some species are most abundant in early stages of post-fire
succession, few species depend on it.
9. There is little evidence that diversity of fire age-classes influences the fauna at the landscapescale studied.
10. Large wildfires that homogenise the landscape are detrimental to the fauna, particularly in
small and fragmented reserves, since the capacity of species to recolonise from within the
reserve could be lost.
11. The need for ecological burning to ensure an ongoing sequence of age-classes will depend on
the extent of uncontrolled fire in each continuous tract of mallee vegetation.These tracts should
be the landscape management unit, rather than individual reserves.
12. Fire is not the only factor influencing species in mallee ecosystems. Rainfall and species
interactions (e.g. predation, competition) are important influences and may interact with fire.
Long-term monitoring is critical to document the changing status of species.
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and wildlife

in the Mallee
insights for conservation and management
Mallee vegetation is known for its characteristic, multi-stemmed ‘mallee’ eucalypts.
This distinctive ecosystem, typical of semi-arid environments across southern Australia,
is home to an extraordinary variety of plants and animals, including some of Australia’s
most threatened species of wildlife.
Mallee ecosystems are fire prone. Large fires burn thousands of hectares and dramatically
change the vegetation and wildlife habitats. However, some areas remain unburnt for
a century or more. How can we use fire as a tool to manage mallee vegetation for
conservation? Which species are most sensitive to fire and which are resilient?
How long does it take for populations to recover after fire? What pattern of fire in the
landscape will be of most benefit for sustaining the native flora and fauna?

Studying the effects of fire

Termites

Scientists from La Trobe and Deakin Universities, as part of the Mallee Fire and Biodiversity Project,
recently investigated the effects of fire on plants and animals – birds, mammals, reptiles and
invertebrates (termites, scorpions, centipedes, psyllids) – in the Murray Mallee region of southeastern Australia. We carefully selected 28 ‘landscapes’, each 4 km in diameter (12.5 km2 ), which
varied in their composition of post-fire age-classes.
Plants, animals and habitat features were surveyed at multiple sites in each landscape, selected to
sample different fire age-classes, as well as variation in vegetation types and topography (dunes,
swales). The study addressed two main questions:
1. How does the flora and fauna change in relation to time since fire?
2. What are the properties of fire mosaics that are more (or less) suitable for conservation?

Termites have been described as ‘ecosystem
engineers’. They contribute to decomposition
of dead plant material, nutrient recycling,
and they modify the physical and chemical
properties of litter and soil by constructing
mounds and galleries. Termites hollow out
tree stems which provides hollows used by
many birds and mammals. They also are a
food source for reptiles, mammals, birds and
other invertebrates.
We detected 12 species of termites on toilet
roll baits or by searching. They were found
in pieces of dead wood (small twigs to large
logs), stems of trees, litter piles, soil, and on
buried mallee lignotubers. No termite species
was adversely affected by fire. All species
either nest underground or build mounds;
important characteristics for surviving fire.
Consequently, the functions carried out by
termites are unlikely to be affected by fire:
indeed, their presence as a food source for
other animals may be important for those
species’ survival post-fire.

Wildlife of the mallee
A surprising diversity of wildlife occurs in mallee ecosystems! Reptiles are a distinctive component: we
trapped more than 7200 individuals from 55 species, including goannas, dragons, legless lizards,
geckos, skinks, venomous snakes and blind snakes. Two species of frogs were found in mallee, but
they are more diverse along the Murray River.
A total of 84 species of birds was recorded from mallee vegetation in the study landscapes; many
more occur in other parts of the region. The mallee is renowned for rare and threatened species, such
as the Malleefowl, Mallee Emu-wren, Black-eared Miner, Red-lored Whistler and Striated Grasswren.

Fire history
of the Murray
Mallee region
1972-2007

The native mammal fauna has changed dramatically in the last 150 years, as almost one-third of
species have disappeared (e.g. Pig-footed Bandicoot, Bridled Nail-tail Wallaby). Many fascinating
species remain, including 6 species of small mammal such as the Common Dunnart, Mallee Ningaui,
Mitchell’s Hopping-mouse, and Western Pygmy-possum.

Different colours highlight
areas burned in different
years, and mallee vegetation
unburnt since 1972.
Inset diagrams illustrate
how the study landscapes
(circular areas 4 km diameter)
represented different
combinations of fire ageclasses. Survey sites (triangles)
in each landscape were
located to sample different
age-classes and topographic
positions (e.g. dunes, swales).
Reserves are numbered as
follows: 1 Danggali, 2 Gluepot,
3 Billiatt, 4 Murray-Sunset,
5 Hattah-Kulkyne, 6 Mallee
Cliffs, 7 Petro, 8 Lethero,
9 Tarawi, 10 Scotia.

Tree mallee vegetation
in the Murray Mallee region

Triodia Mallee – occurs on sand plains and
lower dune slopes, characterised by the
presence of spinifex hummocks.

Chenopod Mallee – is typical of heavier soils
of the swales: it has a sparse understorey
dominated by chenopod shrubs (Maireana,
Atriplex, Sclerolaena).

Shrubby Mallee – occurs on loamy soils and
has a prominent shrub layer of Acacia, Senna,
Dodonea and Eremophila.

Heathy Mallee – typical of deep sands, has a
rich variety of heathy shrubs.

Fires - how often and how large?
We used satellite images to map fires in the Murray Mallee region from 1972-2007. In total, 1,060
separate fires were identified. Most were in tree mallee vegetation (89%) and together burned an
area equivalent to 40% of this vegetation type.  
The bulk of the area burned during this period (84%) occurred during 16 fires that were each
greater than 10,000 ha. Three of these burned over 100,000 ha. These large, infrequent fires
shape the distribution of fire age-classes across the region. Large fires occurred mainly during
summer, caused by lightning strikes, and may follow either dry periods or high rainfall.  
Very little mallee vegetation (<3% of the area) was burnt more than once between 1972-2007.
Thus, at a region-wide scale fire is relatively common but it is infrequent at any particular location.
Some areas remain unburnt for periods of more than 100 years.  

A project in numbers
• 104,000 km2 study area
(3 times the size of Belgium)
• 70,000 survey trap-nights
• 44,184 mallee stems measured
• 21,348 birds recorded at point counts
• 7,200 individual reptiles captured
• 5,775 seeds germinated in seed trials
• 3,360 termite baits (toilet rolls) buried
• 1,490 mammals captured
• 1,120 km of bird survey walks
• >100 volunteers assisting
• 12 agencies involved
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Knowing the amount and location of
vegetation of different age-classes is valuable
for fire management. Satellite imagery is
useful, but such images are available only
from 1972 onwards.
We developed and validated a technique for
ageing the vegetation based on the average
diameter of mallee eucalypt stems at a site.
These results showed that many sites are
much older than expected, up to 160 years
or more!
This figure shows the estimated percentage
of mallee vegetation in different age-classes.
a) Age classes based on satellite mapping of
fires; all vegetation burned before 1972 is
grouped (orange). b) Greater understanding
of the spread of age-classes based on
estimating age from stem diameters.

Years since fire

Species respond differently to time since fire
Different species show different responses to changes in the vegetation after fire. For example: a) Chestnut-rumped Thornbill is more likely to be
detected in early stages of regrowth; b) White-eared Honeyeater peaks in occurrence in the mid-successional stage around 40 years post-fire;
and c) Yellow-plumed Honeyeater is most strongly associated with older tree-mallee vegetation (40-100 yrs post-fire).
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Wildlife and fire mosaics in the mallee
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Communities
change in composition
after fire
Reptile communities, for example, change in
composition following fire. Soil-dwellers, such
as those that use burrows (dark grey shading)
are common in the early stages following fire.
Species that use spinifex (light grey) are most
common in mid-stages (19-50 years), while
the numbers of litter-dwellers (orange shading)
increased with increasing time since fire.
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The total amount of a particular fire ageclass or vegetation type in the landscape
was most frequently identified as an important
property of fire mosaics for wildlife.  
For birds, the best predictive model of the
number of species in the landscape included
the overall amount of vegetation >35 years
since fire (see Figure) and the amount of
Triodia Mallee vegetation.
Species richness of small mammals was best
predicted by the total amount of vegetation
>10 years since fire and past rainfall.
For other groups (reptiles, invertebrates),
species richness was not clearly related to
fire history or vegetation type.

Almost any fire will
create a ‘mosaic’.
A key question is ‘what
kinds of mosaics will be
of greatest benefit for
nature conservation?’
Some individual species of birds, mammals
and reptiles also responded to the total
amount of suitable habitat in the landscape.
The Mallee Dragon and Striated Grasswren,
for example, were more common in
landscapes with large amounts of Triodia
Mallee vegetation.
Gilbert’s Whistler, White-browed Babbler and
several honeyeaters (Striped, Yellow-plumed
and Spiny-cheeked) favoured landscapes
with more vegetation >35 yrs since fire.
In contrast, Butler’s Legless Lizard and the
Desert Skink favoured landscapes with mallee
vegetation <35 yrs since fire. The latter, a
burrowing species, was most abundant in
early stages post-fire.
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Diversity of fire age-classes
Diversity of fire age-classes was not a significant influence on
the total number of species of birds, small mammals or
reptiles in the study landscapes. As the figures below show,
there was no evidence for an increase or decrease in species
richness with diversity of fire age-classes in the landscape.
Likewise, the diversity of age classes had little influence on
the occurrence of individual species of birds, reptiles or small
mammals at this scale.
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Plant responses
to fire
The dominant perennial plant species (eucalypts
and spinifex) are well adapted to fire, with an
ability to regenerate by seed or by resprouting.
Eucalypts resprout almost immediately post-fire
from large lignotubers, or return from seed.
Subsequently, numerous young stems surround
the dead stems burnt in the fire. Over time, the
stems thin out, so most eucalypts have 5 – 6
or fewer stems.
Spinifex also changes in growth form as the plant
ages. Juvenile plants exist as hummocks and
this growth continues into adulthood. However,
some adult plants die out in the middle and show
a ‘ring’ growth form, typically associated with
older communities. These changes are driven
largely by time-since-fire; however, rainfall and
evaporation also play a role.
Glasshouse studies show that seeds of some
plants require the heat or smoke from a fire to
trigger germination: such seeds can remain viable
in the soil seed bank for decades.

Habitat or fuel?

Not just fire...

Fire affects the development of habitat attributes and fuel sources over many decades. These
figures show models of how (a) leaf litter layers, (b) spinifex cover, (c) density of live hollow-bearing
tree stems and (d) the mean abundance of bark per tree, change after fire.
Different resources develop in different ways following fire. Leaf litter and spinifex hummocks
accumulate rapidly until around 20-30 years after fire and from then on remain relatively stable
or decline slowly. Hollows do not develop in live tree stems before around 40 years post-fire and
increase steadily from then onwards. It takes 50-60 years before the eucalypt canopy reaches
maximum height. Decorticating bark shows a consistent rate of development following fire.
Importantly, many resources are still changing over a century after the most recent fire.
The way they change influences the suitability of habitat for fauna, and the flammability of
mallee vegetation after fire.
While most primary types of fuels in the mallee do not increase substantially beyond ~ 30 years
post-fire, the development of habitat attributes such as tree hollows and mature canopy layers
continues for decades. Such slow-developing resources highlight the importance of specifically
providing for their availability in fire management planning.

Fire is not the only influence on plants and animals in the mallee.
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Environmental gradient
Temperatures increase and rainfall decreases from south to
north. This gradient is a strong influence on reptiles; the
number of reptile species in landscapes increased significantly
with distance north (northing).
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Conservation in a dynamic system
Spinifex, fire and wildlife
Spinifex hummocks are used by many species for foraging, shelter and refuge.
The size, shape and overall cover of spinifex changes following fire. This means
the quality of the habitat changes for species that depend on spinifex. The ‘time
window’ from ~20-50 years post-fire is a critical stage, when the greatest cover
of spinifex occurs and large healthy hummocks are present.
The globally endangered Mallee Emu-wren is most abundant in spinifex-dominated
mallee from 17-30 yrs post-fire; it is less common in older vegetation but absent
from young vegetation.
The Mallee Ningaui, a small carnivorous marsupial, is closely associated with
spinifex. Males favour stands >20 years post-fire, while breeding females are most
likely to occur 40 -100 years after fire.
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What happens
to nectar?
Many birds and some mammals rely on nectar
for energy. Mallee eucalypts typically did not
flower for at least 9-10 years following a fire.
Thus, large fires take thousands of hectares out
of nectar production for long periods.
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...9-10 years

Rainfall influences plant growth, and therefore the food resources
(e.g. seeds, nectar, invertebrates) for fauna. The occurrence of the
Western Pygmy-possum was strongly influenced by past rainfall
with a 9 month time lag, and was more common when rainfall
was above the long-term average (positive rainfall residual).
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Interactions between species
Introduced predators (Fox, Cat) and grazing by herbivores
(domestic stock, goats, European Rabbits) affect native species
or their habitats.

Historical land-use
The present distribution of many species is a consequence of
past events. Vegetation on fertile soils was cleared preferentially.
Other areas, including reserves, have become fragmented and
isolated by past clearing.

The dynamic nature of mallee ecosystems poses particular challenges to the
management of fire for ecological purposes.
Vegetation and habitats change in a predictable sequence following fire, over a
time-scale of a century or more. A combination of wildfire and planned fire
needs to be managed to ensure all stages of succession continue to be present
over time. Fires occurring now, for example, will provide high quality habitat for
spinifex-dependent species in 20-40 years time, and from 40 years hollows will
increasingly form.
Although large tracts of mallee remain, the system is fragmented and some
reserves are small and isolated. Large fires (>100,000 ha) pose a risk because
they create a single age-class, and may burn entire reserves. If there is no internal
source for recolonisation, species may become locally extinct.
The large scale and long-term nature of post-fire changes mean that mallee
ecosystems need to be managed as continuous blocks, ignoring state and
reserve boundaries.

