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Abstract
Predicting the response of faunal communities to fire presents a challenge for land
managers worldwide because the post-fire responses of species may vary between
locations and fire events. Post-fire recovery can occur via nucleated recovery from
in situ surviving populations or by colonization from ex situ populations. Fine-
scale spatial patterns in the patchiness of fires and the proximity of burnt sites to
source populations may contribute to both the variability in post-fire responses
and the processes by which populations recover. We examined the avifauna at
recently burnt sites within extensive semi-arid shrublands of south-eastern Aus-
tralia, including 72 sites < 5 years since fire and 26 sites 10 years since fire. Study
sites represented a gradient of increasing distance from ‘unburnt’ vegetation (i.e.
> 27 years since fire) and varied in the presence or absence of small (25–900 m2)
unburnt patches of vegetation. For sites < 5 years since fire, species richness was
higher at sites closer to unburnt vegetation and at sites containing unburnt
patches. These patterns were no longer evident at sites of 10 years since fire. The
probability of occurrence of three of seven bird species modelled decreased with
increasing distance to unburnt vegetation, but this pattern was evident only at sites
burnt uniformly. One species was found almost exclusively at patchily burnt sites.
These results are consistent with the hypothesis that proximity to unburnt vegeta-
tion enhances post-fire occupancy, and that colonization from ex situ populations
is an important process for post-fire recovery of avifauna. Additionally, small
unburnt patches enhance the rapid recovery of assemblages post-fire. These
patterns are important for understanding the dynamics of post-fire population
recovery. We recommend that management of fire for ecological purposes should
explicitly consider the role that the spatial attributes of fires play in determining
the post-fire community.

Introduction

Fire ecology has often focussed on the effect of components
of the fire regime on biota, such as the time since the last fire
event (Fox, 1982), the frequency and inter-fire interval of
fires (Bradstock, Tozer & Keith, 1997), the intensity and
severity of a fire (Smucker, Hutto & Steele, 2005; Pons &
Clavero, 2010), and the season of burning (Woinarski,
1990). Consequently, much emphasis in fire management
for biodiversity is based on the temporal aspects of fire
(Clarke, 2008), particularly patterns of vegetation succes-
sion following fire events (Driscoll et al., 2010a). However,
spatial patterns of fire may also play an important role in
determining faunal occupancy post-fire.

Fires often cause local loss of fauna, either through mor-
tality or emigration (Barlow & Peres, 2004). Conceptual

models of post-fire succession suggest relatively predictable
temporal patterns of colonization after fire, followed by
ongoing changes in species’ occurrences and abundances
with time since fire (e.g. Fox, 1982; Hobson & Schieck, 1999).
However, recovery of species from different fire events can
differ from predictions made by general succession patterns.
For example, in heathlands of eastern Australia, the eastern
bristlebird Dasyornis brachypterus, believed to prefer older
vegetation and to be sensitive to fire (Baker, 2000), has also
been recorded within burnt areas after a recent patchy fire
event (e.g. Bain et al., 2008; Lindenmayer et al., 2009). Simi-
larly, in the US, the western tanager Piranga ludoviciana
responded positively to fire where a site was burnt at low
severity (< 20% mortality of trees > 10 cm diameter), whereas
they responded negatively if a site was burnt at high severity
(> 80% mortality of trees) (Smucker et al., 2005).
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The spatial pattern of fire and the context of burnt veg-
etation in relation to unburnt vegetation may result in vari-
ability of species’ responses to fire, and provide insights into
patterns of species’ recovery post-fire (Keith, McCaw &
Whelan, 2001; Whelan et al., 2001). The size and shape of a
fire will affect the context of burnt locations, thus determin-
ing the distance that animals must travel to colonize sites
if colonization from external populations is required
(Brotons, Pons & Herrando, 2005; Knight & Holt, 2005).
The patchiness of a fire may also affect post-fire occupancy.
Unburnt patches of vegetation within the fire boundary may
act as refuges in which organisms can escape a fire event.
Refuges, such as unburnt patches of vegetation or other
features (e.g. rocks, tree hollows and burrows), may deter-
mine the ability of species to survive during fires, and thus
their post-fire recovery (Whelan et al., 2001; Banks et al.,
2010). Additionally, unburnt patches may provide sufficient
resources for species to persist in what may be an otherwise
unsuitable post-fire environment. The degree to which
recently burnt vegetation is populated by organisms that
survive in situ in a refuge (i.e. nucleated recovery), or by
organisms recolonizing from ex situ populations, may be an
important factor influencing post-fire succession (Banks
et al., 2010).

In this study, we tested three predictions concerning the
occurrence of bird species in fire-prone semi-arid shrublands
of southern Australia. First, if species colonize burnt sites
from nearby unburnt vegetation, then we expect decreasing
species richness and frequency of occurrence of individual
species with increasing distance from unburnt vegetation
(cf. Banks et al., 2010). Second, if fire patchiness assists
species to recolonize sites or provides refuges for species,
then species richness and occurrence of individual species
will be greater at patchily burnt sites than uniformly burnt
sites. Third, if patchily burnt sites represent refuges where
species survive in situ during fire events, then proximity to
unburnt vegetation should have less influence on species
richness or occurrence of species at patchy sites. On the
other hand, if patchy sites are colonized from nearby
unburnt vegetation, then a relationship with proximity
should remain evident for patchy sites also.

Methods

Study area

The Murray Mallee region of south-eastern Australia, situ-
ated between 33–35°S and 140–142°E, has a semi-arid
climate (mean annual rainfall = 220–330 mm) with a gradi-
ent of increasing aridity from south to north (Pausas &
Bradstock, 2007). The region is mostly flat, with local topo-
graphic variation provided by low dune-swale systems
(Wasson, 1989).

‘Mallee’ eucalypt shrubland is the major vegetation type,
consisting of open vegetation dominated by multi-stemmed
species of Eucalyptus and an understorey of shrubs and
grasses (Bradstock & Cohn, 2002). ‘Triodia Mallee’ vegeta-
tion, which supports an understorey of Spinifex grass

Triodia scariosa, and ‘Chenopod Mallee’ vegetation, which
supports a range of succulent understorey vegetation (e.g.
Chenopodiaceae), are the two most common vegetation
types in the region (Haslem et al., 2010). Large fires are a
regular occurrence in mallee vegetation. Since 1972, the
study area has experienced 16 fires of > 10 000 ha, but these
fires have been widely distributed as < 5% of the study area
has burnt more than once (Avitabile et al., unpublished
data). Fires in mallee ecosystems generally remove both
understorey and canopy vegetation. However, the size of
fires relates to the continuity of fuels, particularly fine grass-
fuels (Noble & Vines, 1993), and discontinuous fuels can
result in unburnt patches of vegetation (O’Donnell et al.,
2010).

Study design and data collection

This study forms part of a broader investigation of the
influence of the properties of fire mosaics on biota in the
Murray Mallee region. For this broader investigation we
sampled birds at 560 sites, with 20 survey sites clustered in
each of 28 study landscapes. Each landscape encompassed
an area of 1256 ha (2-km radius circle) of continuous veg-
etation. Within each landscape, sites were generally 500 m
from their nearest neighbour and were arranged sequen-
tially along two 5-km transect lines. The arrangement of
transect lines in a landscape was dictated by the location of
sites, which were distributed proportionately to the area of a
landscape comprising each post-fire age-class (i.e. if 50% of
a landscape was 10 years since fire, 10 sites would be located
in this post-fire age). A minimum of four sites were located
in each quadrant of a landscape. For this study, we selected
two subsets of sites (totalling 100 sites) from the broader 560
sites. The first consisted of all sites of < 5 years since fire, as
at 2007 (n = 74), separated into two categories: those burnt
< 2 years prior (n = 25) and those burnt 3–4 years prior
(n = 49). The second subset consisted of all sites that were 10
years since fire (i.e. burnt in 1997) and which had been burnt
uniformly (n = 26). Fire-ages of sites were determined by
using maps of fire-footprints that were developed by analys-
ing 15 individual years of LandsatTM satellite imagery
(1975–2007) (Avitabile et al., unpublished data). The reso-
lution of the satellite imagery was of individual pixels
measuring 25 ¥ 25 m.

For each site, we analysed the proximity to the nearest
sizeable patch (> 5 ha) of ‘unburnt’ vegetation (� 27 years
since fire) using ArcGIS software (ESRI, 2009). In most
cases, the proximity to unburnt vegetation represented the
distance to vegetation outside the fire boundary. Only two
sites were located > 700 m from unburnt vegetation (842
and 1062 m): these were excluded from the analysis because
of inadequate representation of sites at these larger dis-
tances. From field visits, we identified whether a site was
uniformly or patchily burnt at a scale smaller than could be
detected by satellite imagery. A site was regarded as being
burnt patchily where an area of > 25 m2 remained unburnt
within 60 m of the central point of the survey site; otherwise,
it was regarded as being burnt uniformly.
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We conducted four rounds of bird surveys, one in each of
the Austral spring and summer of 2006–2007 and 2007–
2008. Each survey consisted of a 5-min point count, during
which an observer counted all species seen or heard within a
60-m radius, and recorded the distance from the central
point of the survey site at which each bird was detected. For
visual records, the distance was measured using an OPTi-
LOGICTM 800LH laser range finder: for aural detections,
the distance was estimated by the observer. We then com-
bined all surveys to document the species present at each
site. We analysed the distances of species’ detections using
multiple covariate distance sampling (Buckland et al., 2004;
Marques et al., 2007), using the program Distance 5.0
release 2 (Thomas et al., 2006) to investigate changes in
detectability of species with increasing distance from the
observer and with increasing vegetation density. All species
were detectable at the extremities (60 m) of the point count
and vegetation density did not significantly reduce the
detectability of any species. Thus, presence or absence and
species richness of sites are unlikely to be biased by differ-
ential detectability of species.

Statistical analysis

We used regression modelling to investigate the relationship
of species richness and the occurrence of individual species
with the proximity to unburnt vegetation and the occur-
rence of unburnt patches (patchiness). We used generalized
additive mixed models (GAMMs) as the regression frame-
work to account for potential non-linear relationships
between the response and predictor variables (Wood, 2006).
GAMMs allow continuous variables to be fitted for multiple
levels of a categorical variable (Wood, 2006), such that we
could concurrently test the influence of proximity on species
richness and species occurrence at sites that were burnt
either patchily or uniformly. We undertook the modelling in
a mixed-model framework because the data were necessarily
clustered because of the landscape design incorporated in
the broader investigation: landscape was fitted as a random
effect.

We fitted GAMMs for species richness and for the pres-
ence or absence of individual species (species occurrence).
The modelling process was undertaken in two stages. First,
models were fitted to the subset of sites that were < 5 years
since fire. These models tested the effect of proximity to
unburnt vegetation (� 27 years since fire) and patchiness on
species richness and species occurrence after fire. A smooth-

ing term was used for proximity to unburnt vegetation (con-
tinuous variable), fitted to each level of the patchiness
variable (sites burned patchily or uniformly), and patchiness
was included as a categorical variable also. Additionally,
time since fire was included as a categorical variable (i.e. 1–2
years since fire, or 3–4 years since fire) to test for patterns in
occurrence of species with increasing age of vegetation. A
variable representing the geographic position of sites along
the gradient of aridity, denoted by the geographic northing
unit (datum = World Geodetic System 1984), was included
to account for possible changes in occurrence of species due
to broad-scale biogeographic factors.

Second, to ascertain the time-frame over which site
context influences species occupancy patterns, we investi-
gated the relationship of species richness and occurrence
with proximity to unburnt vegetation at sites that were 10
years since fire. This was conducted using only uniformly
burnt sites. Consequently, only the proximity of vegetation
and position along the gradient of aridity were included in
this analysis. Model definitions are shown in Table 1.
Responses were considered significant where P < 0.05 for
the proximity term (which used a smoothing function) and,
for linear terms, where the coefficient � 2 standard error
(se) did not overlap with zero. Model fit was interpreted as
the proportion of the total deviance explained (D2) (using
methods adapted from Elith, Leathwick & Hastie, 2008).

Results
In total, 44 bird species were detected after four surveys at
each of the 100 sites, with most species being recorded infre-
quently. Twenty-seven species were recorded at �10 sites,
12 species at between 10 and 30 sites, and five species
between 30 and 55 sites.

Response of species richness to fine-scale
spatial patterns of fire

Species richness of birds generally was low in recently burnt
vegetation (< 5 years since fire) (mean = 4.12, range 0–14
species per site). Species richness was influenced by both
proximity to unburnt vegetation (� 27 years since fire) and
the presence of unburnt patches of vegetation, which
together explained a large proportion of the variance in the
data (Table 2). Species richness declined with increasing dis-
tance to unburnt vegetation (Fig. 1). This pattern was exhib-

Table 1 Definitions of models of the relationship of species richness and occurrence of individual species (presence-absence) with the proximity
of unburnt vegetation (proximity) and patchiness of sites (patchiness)

Dataset (years since fire) N Response variable Model definition Distribution

<5 74 Species richness f(proximity, by patchiness) + patchiness + time since fire + northing Poisson
<5 74 Individual species f(proximity, by patchiness) + patchiness + time since fire + northing Binomial
10 26 Species richness f(proximity) + northing Poisson
10 26 Individual species f(proximity) + northing Binomial

Also included are the linear predictors, northing and time since fire (1–2 or 3–4 years since fire). Model definitions include terms fitted with a
smoothing function (f ) and the categorical variables for which the continuous variable is fitted to each level (by).
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ited for both patchy and uniformly burnt sites, although
patchily burnt sites showed consistently higher species rich-
ness across the entire gradient in proximity (Fig. 1). Species
richness was higher at sites 3–4 years since fire than sites < 2
years since fire (Fig. 1). At sites of 10 years since fire, there
was no significant relationship between species richness and
proximity of unburnt vegetation (Table 2). We did not
detect any relationship between species richness and posi-
tion along the gradient of aridity (northing).

Responses of individual species to
fine-scale spatial patterns of fire

Models of the relationship between the occurrence of indi-
vidual species and fine-scale spatial patterns of fire were
built for species that were encountered at � 20% of sites in
vegetation < 5 years since fire (i.e. at � 15 sites) to protect
against spurious results attributable to small sample sizes.
This resulted in models for six species. There was substantial
variation in the deviance explained by each model
(D2 = 0.05–0.57) (Table 3). Probability of occurrence
decreased with increasing distance from unburnt vegetation
for three species, the Jacky Winter Microeca fascinans,

spotted pardalote Pardalotus punctatus and white-eared
honeyeater Lichenostomus leucotis (Fig. 2). This pattern was
evident only at sites burnt uniformly, not at sites containing
unburnt patches (Table 3). Species that displayed a signifi-
cant response to proximity of unburnt vegetation in sites < 5
years since fire were also modelled for sites with vegetation
10 years since fire. In this age-class, there was no evidence of
reduced occurrence with increasing distance from unburnt
vegetation for either the spotted pardalote or the white-
eared honeyeater (there were insufficient records (n = 2) for
the Jacky Winter to be modelled) (Table 3).

The ground-dwelling chestnut quail-thrush Cinclosoma
castanotus was strongly influenced by the presence of
unburnt patches at recently burnt sites, but did not display
a significant response to proximity (Table 3). Seventeen of
the 19 records for this species were at sites that were patchily
burnt. This species also displayed a significant response to
time since fire (Table 3), being most frequently recorded in
sites of 3–4 years since fire.

We detected significant variation along the north-south
aridity gradient for two species, the white-eared honeyeater
(coefficient = -2.69 ¥ 10-5, se = 1.14 ¥ 10-5) and chestnut
quail-thrush (coefficient = 1.17 ¥ 10-5, se = 5.27 ¥ 10-6),
which were recorded more commonly in southern sites and
northern sites, respectively.

Discussion
We made three predictions regarding patterns of species
richness and species’ occurrence for scenarios of population
recovery post-fire. First, under a scenario of species coloniz-
ing recently burnt sites from nearby unburnt vegetation, we
predicted that species richness and occurrence would decline
with distance from unburnt vegetation. This pattern was
evident for species richness and for three of the seven species
modelled. Second, we predicted that for a scenario in which
small unburnt patches act as refuges or are preferentially
colonized, species richness and occurrence would be greater
at sites burnt patchily. This pattern was evident for species
richness and for one species. Third, we predicted that if
small unburnt patches primarily represent refuges, rather
than preferentially colonized sites, then sites that contain
small unburnt patches should display lesser declines in
species richness and occurrence of species with distance to
unburnt vegetation. The results for individual species and

Table 2 Parameters for models of the relationship of species richness with fine-scale spatial properties of fire

Model N D2

Patchiness
category

Smoothed term Linear term Linear term
Proximity Patchiness

coefficient (SE)
Time since fire
coefficient (SE)edf F P

(a) < 5 years since fire 72 0.60 Patchy 1 7.03 0.010 0.41 (0.16) 0.48 (0.23)
Uniform 1 15.81 < 0.001

(b) 10 years since fire 26 0.06 Uniform 1 1.48 0.237

edf, estimated degrees of freedom; SE, standard error.
Two datasets are presented: (a) sites < 5 years since fire, uniformly and patchily burnt sites; and (b) 10 years since fire, uniformly burnt sites
only. Significant responses are shown in bold type. Model definitions are presented in Table 1.

Figure 1 Relationship between species richness of birds and prox-
imity of a site to unburnt vegetation (> 27 years since fire) for sites
< 5 years since fire. Lines are the modelled response and points are
the raw species richness data: black dashed line and open
boxes = 3–4 years since fire and patchily burnt; black solid line
and black circle points = 3–4 years since fire and uniformly burnt; and
grey solid line and grey triangle points = < 2 years since fire and
uniformly burnt.
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Table 3 Parameters for models of the relationship between the frequency of occurrence of species and fine-scale spatial properties of sites
(proximity to large unburnt patches and presence of small unburnt patches)

Model N D2

Patchiness
category

Proximity Patchiness
coefficient (SE)

Time since fire
coefficient (SE)edf F P

(a) < 5 years since fire
Chestnut quail-thrush Cinclosoma castanotus 19 0.48 Patchy 1 0.45 0.505 -52.36 (4.68) -42.75 (4.31)

Uniform 1 3.52 0.072
Chestnut-rumped thornbill Acanthiza uropygialis 28 0.08 Patchy 1 0.11 0.741 -0.32 (0.72) 0.84 (0.86)

Uniform 1 0.20 0.654
Grey butcherbird Cracticus torquatus 20 0.18 Patchy 1 2.99 0.088 0.02 (1.07) 0.32 (0.85)

Uniform 1 1.20 0.277
Jacky Winter Microeca fascinans 15 0.05 Patchy 1 0.37 0.546 -0.63 (0.76) 1.08 (1.38)

Uniform 1 4.96 0.029
Spotted pardalote Pardalotus punctatus 22 0.46 Patchy 1 0.58 0.451 0.09 (0.73) -0.5 (1.84)

Uniform 1 4.17 0.045
Weebill Smicrornis brevirostris 31 0.32 Patchy 1 0.16 0.687 -2.31 (1.37) -0.02 (0.9)

Uniform 1 1.02 0.317
White-eared honeyeater Lichenostomus leucotis 27 0.57 Patchy 1 1.08 0.302 -0.71 (0.86) 0.93 (1.41)

Uniform 1 5.56 0.021
(b) 10 years since fire

Spotted pardalote P. punctatus 12 0.09 Uniform 1 0.01 0.925
White-eared honeyeater L. leucotis 21 0.07 Uniform 1 0.46 0.507

edf, estimated degrees of freedom; SE, standard error.
Two datasets are presented: (a) sites < 5 years since fire and (b) sites 10 years since fire. Models for sites 10 years since fire are only for the
proximity of uniformly burnt sites to unburnt vegetation. Significant responses are shown in bold type.

Figure 2 The relationship between occurrence of species at sites < 5 years since fire and the proximity of unburnt vegetation (> 27 years since
fire). Plots are for three species that displayed a significant response; (a) Jacky Winter Microeca fascinans, (b) Spotted pardalote Pardalotus
punctatus, and (c) white-eared honeyeater Lichenostomus leucotis. Modelled relationship (� standard error) and raw presence-absence data are
shown (circles). Plots represent only uniform sites, where species displayed a significant relationship.
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species richness varied in relation to this prediction. Species
richness did decline with distance from unburnt vegetation,
regardless of whether sites were burnt patchily or uniformly;
however, individual species displayed a significant decline
with distance from unburnt vegetation only for sites burnt
uniformly. Thus, while small unburnt patches may act as
refuges for some individual species, richness patterns
suggest that these sites are also colonized by birds from
larger patches of unburnt vegetation.

Effect of proximity to unburnt vegetation
on the post-fire bird community

Our data indicate that recently burnt vegetation in mallee
ecosystems is likely to be colonized by birds entering from
unburnt vegetation ex situ. These patterns are consistent
with those suggested for birds in Mediterranean ecosystems
of Europe (Brotons et al., 2005) and small mammals that
are excluded by fire in mallee ecosystems (Kelly et al., 2010).
Colonization from ex situ populations has also been docu-
mented for species of Orthoptera in sandhill ecosystems of
North America (Knight & Holt, 2005). Such patterns con-
trast with those identified for small mammals in temperate
forests of Australia, which suggest that post-fire recovery is
driven by in situ survival of individuals, rather than ex situ
colonization (Banks et al., 2010). Different patterns across
taxa and ecosystems indicate that multiple strategies and
processes contribute to post-fire successional patterns. The
relationships with proximity to unburnt vegetation disap-
peared between 6 and 10 years post-fire in this ecosystem,
suggesting that the early years are an important period of
initial colonization, although ongoing successional changes
in the avifauna are evident up to 100 years post-fire (Watson
et al., 2012).

Colonization from unburnt areas indicates the impor-
tance of the spatial context of recently burnt areas. In
large conservation reserves, such as those in which this
study occurred, patterns of succession are likely to be more
predictable than in fragmented systems, because unburnt
vegetation outside the fire boundary can support large
populations of many species. In fragmented systems, in
which fires can burn much, or all, of a habitat patch
(Menkhorst & Bennett, 1990), the full suite of species may
not be present in remaining unburnt vegetation. In this
scenario, post-fire successional patterns will be influenced
by the availability of nearby source populations and the
dispersal capacities of species, which influence their ability
to recolonize burnt areas from outside of fragments
(Brotons et al., 2005). This situation is similar to that expe-
rienced by the Mallee emu-wren Stipiturus mallee in Billi-
att Conservation Park, a 59 000 ha reserve in the Mallee
region of Australia, where 80% of this reserve was burnt
uniformly in a single fire event in 1988. The Mallee emu-
wren prefers vegetation of 16–30 years since fire (Clarke,
2005; Brown, Clarke & Clarke, 2009), but despite such
suitable habitat developing, the population of this species
has not recovered in this reserve, likely because of the

absence of large source populations able to recolonize the
burnt environment.

Influence of unburnt patches on the
post-fire bird community

Patchily burnt sites supported more species than uniformly
burnt sites within the first 5 years post-fire. Two processes
could potentially lead to such a pattern. First, individual
birds may survive at a site because of the patchy nature of
the fire, by using unburnt patches as refuges. In this case, the
greater number of species at these sites may represent indi-
viduals that have persisted from before the fire. Second,
after fires, species may preferentially colonize sites burnt
patchily as they may represent areas containing more
resources than those burnt uniformly.

Our data indicate that both mechanisms may operate
in this ecosystem. The clear pattern of decreasing species
richness with distance from unburnt vegetation suggests
that patchy sites are being colonized from ex situ popula-
tions in unburnt vegetation. On the other hand, the occur-
rence of some individual species at patchily burnt sites did
not show a decline in occurrence with increasing distance.
The chestnut quail-thrush, a ground-dwelling species, was
recorded almost entirely at patchily burnt sites, regardless
of their proximity to unburnt vegetation. Although this
species has been observed to be ‘abundant’ in early succes-
sional habitats (1–10 years since fire) (Woinarski, 1999), it
is not an early successional ‘specialist’ as it is also encoun-
tered in older vegetation (Watson et al., 2012). This
pattern of occurrence contrasts with that of early succes-
sion specialists [e.g. black-backed woodpecker Picoides
arcticus (Hutto, 2008)], which may seek out recently burnt
vegetation. The pattern observed is consistent with
unburnt patches functioning as refuges, although this does
not preclude the possibility of this species travelling to
colonize, patchily burnt sites. The relative importance of
these different mechanisms may differ among species and
ecosystems.

Regardless of the mechanism, these data support the
importance of fire patchiness when considering the effects of
fire on biota (Turner et al., 1998; Franklin et al., 2000), with
small patches of unburnt vegetation being an important
determinant of the occurrence of species post-fire. Conse-
quently, patchiness of fires is an important consideration in
fire management strategies. Patchy fires may result in faster
recovery of avifaunal communities, and provide habitat for
some species that may be eliminated in large, uniform fires.
In this investigation, the chestnut quail-thrush is an example
of a species that appears unable to use uniformly burnt
vegetation, but is reasonably common where vegetation was
burnt patchily.

Conclusions and management implications

In mallee ecosystems, fires dramatically alter the vegetation
structure and many bird species are lost from sites during
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fire events. Species primarily recolonize burnt areas from
vegetation outside the fire event, and may take longer to
colonize more isolated and uniformly burnt sites. Larger
fires result in broad-scale removal of species and, conse-
quently, recolonization is likely to take longer because of
greater distances. In this study, species richness took 6–10
years to become equivalent across sites of < 1 km distance
from the fire edge.

The relative importance of small patchy fires versus large
uniform fires will relate to the objectives of fire managers
(Driscoll et al., 2010b). In ecosystems where early succes-
sional specialists are not a major part of the assemblage,
such as avian communities in mallee vegetation (see also
Lindenmayer et al., 2008), small patchy burns will likely be
the quickest to be recolonized and have higher species rich-
ness. In other ecosystems, where early successional special-
ists are of key conservation concern and require severe fires
(Smucker et al., 2005), small patchy burns may be detrimen-
tal to some species, insomuch as they may provide only a
limited resource. Small fires may also subject regenerating
vegetation to higher grazing pressure than larger fires (Cohn
& Bradstock, 2000; Knight & Holt, 2005), which could
result in altered post-fire successional patterns of plant
species.

Fire sensitive species that depend on fire-prone habitats,
such as the Mallee emu-wren (Brown et al., 2009) and
eastern bristlebird (Baker, 2000), and here the chestnut
quail-thrush, may benefit from employing fires that main-
tain unburnt patches of vegetation, which support key
habitat attributes for that species, but provide protection
from large-scale fires that cause severe population declines.
However, this type of preventative approach may only
maintain species in the short term. The importance of the
spatial scale and configuration of habitat patches required
to support viable populations of a species while extensive
burnt areas recover to a suitable seral stage is a key area
requiring further research.
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