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a b s t r a c t

Australian arid vegetation has evolved within highly variable environments characterised by low rainfall
and sporadic fire events. Episodic high rainfall events are a significant factor in plant species recruitment,
but their unpredictability makes them difficult to study. We report on the response of vascular plants to a
major rainfall event and flood in an arid region of south-eastern Australia. Fire that occurred two months
before the flood was incorporated into the study. Paired fenced and unfenced plots were established at
control locations and also in areas that had been either flooded, burnt, or flooded and burnt. Objectives
were to quantify the long-term effects of fire, flood and vertebrate herbivory, and their interactions, on
vegetation composition, plant life forms and species diversity. We found that relative to controls (i) there
was a significant effect of flooding on vegetation composition, (ii) changes in life form abundance were
driven by flooding and grazing, (iii) there was a strong positive relationship between grazer exclusion
and species diversity that was maintained over time and (iv) there was little effect of fire. Understanding
the long-term effects of both natural disturbances and vertebrate herbivory will benefit plant conser-
vation in the arid zone.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Over the past century several biophysical and human-induced
factors have played their roles in the spatial and temporal devel-
opment of vegetation structure and composition globally (Stenseth
et al., 2002). In arid environments climate, in particular, has
determined vegetation community structure, function, and pat-
terns of species colonization and succession (Westbrooke et al.,
2005; Thibault and Brown, 2008). For example, water availability
plays a substantial role in the germination and development of arid
zone trees such as Casuarina pauper, Alectryon oleifolius and Callitris
verrucosa (Westbrooke, 1998), and even minor rainfall events (of
5 mm or less) may affect the development of some herbaceous
species (Sala et al., 1988).

Rainfall events are often spatially patchy; some areas receive
substantial rain with adjacent areas receiving none. While flooding
Florentine).
is uncommon in the arid zone, except in watercourses and local
depressions, the flat topography of much of the Australian land-
scape, combined with the influence of the El Nineo-Southern
Oscillation, suggests that substantial areas of desert vegetationmay
be submerged occasionally. For example, the Lake Eyre Basin in
South Australia is subject to periodic flooding, substantially altering
the state of the local ecosystem (Williams, 1970). In the context of
vegetation, sustained inundation will kill many species, but also
create space for regeneration from seeds as the floodwaters subside
(Westbrooke et al., 2005). Further, mass movement of water
resulting from flooding is likely to introduce seeds from other areas.
This may be an important form of dispersal for some arid zone
species (Kehr et al., 2014) but can also facilitate the introduction of
exotics into the plant community (Griffin et al., 1989; Florentine
et al., 2006). Additional factors influencing plant communities in
the Australian arid zone include fire and herbivory (Westbrooke
et al., 2005). Fire is a common occurrence in arid landscapes, and
has both short- and long-term effects. Depending on its intensity,
fire may remove or kill above-ground plant parts, thus altering the
physiognomy of vegetation as well as its composition (Bradstock,
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Fig. 1. Average rainfall (mm) (░), Minimum (-) and maximum (:) temperature (�C)
recorded at Scotia Station (Site Number 047105 Lat. 33� 120 5700 S; Long. 141� 100 0000 E,
Elevation 50 m). Scotia weather station is approximately 15 km south of our study site.
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2008). As a result, arid zone species have developed various
mechanisms to ensure their survival in the face of periodic burning.
Mallee eucalypts, for example, will regrow after fire from under-
ground lignotubers (Specht, 1981). However, fire in mallee vege-
tation will also consume much of the available seed, with differing
mortality among species (Steers and Allen, 2012).

In addition to fire, grazing and browsing by both native and
introduced vertebrate herbivores is widespread in Australia's arid
zone and significantly affects species composition as well as the
overall physiognomy of the vegetation (Landsberg et al., 2003).
Selection for palatable forage will likely impact some plant species
more than others, while high grazing pressure may result in a
substantial reduction in plant biomass as a whole (Lange, 1969;
Castellano and Valone, 2006). Additionally, trampling by intro-
duced vertebrate such as goats and cattles, particularly around focal
points in the landscape such as water points or areas of palatable
vegetation, can lead to compaction and subsequent loss of soil
structure (Tongway et al., 2003).

The effects of fire (Hodgkinson and Oxley, 1990; Hill and French,
2004), climate (Holmgren et al., 2001; Stenseth et al., 2002), and
grazing (Lange,1969; Landsberg et al., 2003; D'Souza et al., 2013) on
arid zone vegetation have been the subject of considerable
research. Such research was often under partially controlled con-
ditions and has yielded important information for the management
of the large grazing properties often established in arid
environments.

Although the influence of flooding on Australian arid zone
vegetation has been studied previously, existing work has reported
short-term effects (Wardle et al., 2013; D'Souza et al., 2013).
Further, no studies have examined the effect of flooding in com-
bination with other potential drivers of vegetation succession such
as fire and herbivory. A fire in the arid zone of southeastern
Australia in December 1996, followed by a flood event in 1997,
provided a rare opportunity to study the independent and com-
bined effect of these factors on the recovery of the local vegetation.
Further, the establishment of exclusion plots in both flooded and
burnt areas enabled the influence of vertebrate herbivory to be
quantified. In this paper, we report 11 years of monitoring data
describing the response of vascular plants to different combina-
tions of flood, fire and grazing. Specifically, we describe temporal
patterns in (i) vegetation composition (ii) life-form density and (iii)
species diversity.

2. Material and methods

2.1. Study area

Nagaella Station is located in south western New South Wales,
Australia, approximately 120 km southwest of Broken Hill, close to
the South Australian border (Electronic appendix). The landscape is
dominated by a system of linear dunes and swales orientated west
to east (Walker, 1991). Most of the land area is < 100 m above mean
sea level. The dunes generally have a poorly developed soil profile
of deep calcareous sands with high water infiltration, and
concomitant low levels of run-off (Lawrie and Stanley, 1980). It is
likely that the dunes may have accumulated in stages to their
present height of up to 12 m above the swales. The lower-lying
swales are up to 500 m wide with isolated flats and depressions
of soils with heavier texture (Walker, 1991), and occasional copi
(gypsum) rises. The heavier soils in this landscape result in a higher
run-off. The region is subject to a severe moisture deficit, with
annual rainfall averaging between 200 and 300 mm and potential
annual evaporation of around 2000e2400 mm (Australian Bureau
of Meteorology, 2012). Generally, summer temperatures are high
(February mean daily max ¼ 32 �C; min ¼ 16 �C) and winter mild
(July mean daily max ¼ 15 �C; min ¼ 5 �C) (Australian Bureau of
Meteorology, 2012). Average annual rainfall (mm) and average
minimum and maximum temperatures for the data collection
period are given in Fig. 1.

The vegetation of the study area is predominantly eucalypt
shrubland (mallee) dominated by Eucalyptus gracilis, E. dumosa,
E. oleosa and E. socialis. Other vegetation in the region include
Atriplex vesicaria (Bladder Saltbush), Halosarcia sp. Frankenia sp.
Osteocarpum sp. in low open shrubland, and Dodonaea viscosa ssp.
angustissima and Eremophila sturtii in shrubland conditions
(Westbrooke et al., 1998). The region was one of the last to be
opened up for pastoral farming (1928), primarily due to the very
low productivity of palatable plants (Lawrie and Stanley, 1980), and
a lack of a reliable water supply. Fires occur periodically with the
size of affected areas generally less than 10,000 ha in extent. The
last fire recorded for the study site occurred in the December 1996
(Westbrooke et al., 2005). Whilst it is known that fire events play a
vital role in the ecology of arid zone vegetation, the natural fire
frequency of mallee vegetation is poorly understood as much of the
area has been significantly disturbed by agricultural activity since
the 1880s. As a consequence, many areas have been influenced by
past grazing and unplanned fire of human origin. Historical fire
intervals in mallee-type vegetation may be approximately 65 years,
and characteristics of individual fires are highly influenced by fac-
tors such as weather and fuel age (O'Donnell et al., 2011).

2.2. Grazing history of Nagaella station (1999e2011)

Nagaella was first taken up as a pastoral property in 1928
following subdivision of the large Lake Victoria lease (Westbrooke,
2012). From that time until the mid-1990s it was subject to grazing
by Merino sheep (Ovis aries) at a stocking rate of around 0.1 per ha.
From the mid-1990s, and throughout the study reported here, it
was grazed by feral goats under a low intensity husbandry man-
agement program. Absolute stocking rates of goats are difficult to
determine, but based on discussion with managers and limited
monitoring, it appears to have been between 0.1 and 0.4 per ha. In
addition to the stock, there are populations of native kangaroos:
Macropus fuliginosus melanops (Western Grey Kangaroo) and
Macropus rufus (Red Kangaroo).M. fuliginosus tend to be resident in
an area whereas M. rufus are transient and move large distances
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according to seasonal conditions and thus overall population den-
sity fluctuate. Based on transect surveys, the density of the two
species combined ranged from 0.02 to 0.05 individuals per ha
(unpublished data). During the 2002e2004 vegetation sampling
period, small numbers of Oryctolagus cuniculus (rabbits) were
evident while during the last five years of our study (2005e2010)
there was no evidence of rabbits in the study area.

2.3. Sequence of events and previous research

Of particular importance to this study was the wildfire in
December 1996, which burnt across Nagaella Station, in part
extending over the area that was subsequently flooded. In February
1997, a rainfall event of 200 mm within a 24 h period resulted in
major flooding within the Olary Creek catchment of arid South
Australia and New South Wales. The southern channel of Olary
Creek washed through an area of mallee vegetation to form a
transient lake on Nagaella station. The lake covered a surface area of
around 300 ha to a depth of up to 2 m and remained flooded for
approximately a year and a half. Rainfall records collected from
Olary and Mannahill stations, adjacent to the main catchment of
Olary Creek (Clewett et al., 2003), indicate that similar flood events
may have occurred in 1921, 1950, and 1989 (Westbrooke and
Florentine, 2005; Morton et al., 2011).

In February 1999, paired grazing exclosure plots (see details
below) were established in areas that had been subjected to
different combination of fire and flood, to facilitate an additional
comparison of vegetation recovery under grazed and ungrazed
conditions. Each pair consisted of an exclosure that prevented
grazing by vertebrates such as rabbits, kangaroos, sheep, and goats,
and an open adjacent area that did not exclude these species.
Westbrooke et al. (2005) reported on short-term vegetation re-
sponses in these plots. Although flood and fire triggered the
germination and recruitment native species, the number of plant
species per plot decreased from 11.8 ± 2.16 (mean ± SE) in 1999 to
5.7 ± 0.79 in 2002, and species composition was affected by graz-
ing. Other reports on the short-term responses showed that the
flooding and fire events created an opportunity for exotic species to
invade (Westbrooke et al., 2005; Florentine et al., 2006).

2.4. Plot establishment and vegetation survey

To assess the relative impact of flood, fire and grazing, a long-
term study was conducted in and around the newly formed lake
on Nagaella Station. Permanent 625 m2 (25 m � 25 m) plots were
established in September 1999, following flood and fire events in
1997 and 1996, respectively. The permanently marked plots were
placed in pairs (Electronic appendix) in areas that had one of the
following histories: (i) neither flooded nor burnt, which we sub-
sequently refer to as the control (n ¼ 2), (ii) flooded only (n ¼ 4);
(iii) burnt only (n ¼ 2); and (iv) flooded and burnt (n ¼ 2). In all
cases, one plot in each pair was fenced to exclude kangaroos, feral
goats, sheep and rabbits. The other was established immediately
adjacent to the first, but unfenced to permit grazing. The fence
consisted of 1.7 m tall, 15 cmmesh overlayedwith 5 cmmesh rabbit
wire. Each plot was subdivided into 5 m � 5 m subplots with their
corners permanently marked using aluminium pickets to facilitate
more precise documentation of the vegetation. In each plot, the
number of individuals of every plant species was recorded in
September 1999; October 2002, 2003, and 2004, July 2005, October
2006, September 2007, 2008, February 2010, April 2011, and
February 2012. Species that formed clear individuals (ramets) were
counted individually. For some species where counting the number
of ramets was practically impossible, the number of hummocks
were counted instead (e.g. larger Triodia scariosa). Similarly, multi-
stemmed mallees were counted as genets, not as number of stems.
Our study was set up opportunistically to take advantage of two

disturbance events (fire and flood) that occurred in the same
location. As such, it has several limitations that influence the
interpretation of results. First, we sampled a single fire and flood
event, thus direct spatial extrapolation of our results is inappro-
priate. Second, due to time and financial constraints, the number of
replicate plots within each sampled state was small, raising the
possibility that parts of the data set are not representative of effects
occurring in the study area. However, changes detected in the
sampled plots were consistent with our observations of plant re-
sponses in other parts of the flooded and burnt landscape around
Nagaella station. Consequently, we have analysed our data and
interpreted the outputs assuming that our samples were repre-
sentative of study-area wide effects. Third, the power of the sta-
tistical procedures we employed was likely low, again due to the
small number of plots. Thus while our analyses was able to detect
large effects, more subtle changes may have gone undetected.

2.5. Statistical analysis

We used Principal Response Curves (PRC; van den Brink & ter
Braak, 1999), in CANOCO 5 (ter Braak and �Smilauer, 2012), to
describe the temporal shifts in vegetation composition in response
to flood, fire and grazing (data log (xþ 1) transformed). As fenced
and unfenced plots were spatially nested, we ran independent PRCs
for each of these data sets, testing for the effects of fire and flood at
grazed and ungrazed states separately. The analysis proceeded in
three stages. First we evaluated the statistical significance of the
trends detected by the PRC. Second we re-ran the PRC with all
available factors to facilitate the presentation and interpretation of
observed patterns. Third, as fire had no detectible effect, we illus-
trated the effect of flooding by ignoring fire, thereby effectively
doubling the sample size.

We summed the number of species per plot of each of the
following life forms: monocarp, exotic, tussock, grass, herb, shrub
or tree. Averages were then calculated separately for flood/non-
flood and fenced/unfenced plots (ignoring fire). We defined tus-
sock as a perennial, monocotyledonous plant (or the structural
herbaceous equivalent) with long-lived linear leaves that arise from
a narrow base that is much smaller in diameter (<half) than is the
canopy or crown.

We used the raw data from all 104 species to calculate the
geometric mean of species abundance. The geometric mean rep-
resents an index of species diversity that has several mathematical
and statistical properties that make it superior to more frequently
used indices such as those of Shannon and Simpson (Buckland
et al., 2012; van Strien et al., 2012). The geometric mean will
change to reflect changes in the actual abundance of species
(positive or negative), even if their relative abundances are held
constant. In contrast, the values of Shannon's and Simpson's index
remain unchanged. As a consequence, the geometric mean forms
the basis of several large-scale biodiversity measures, including the
Living Planet Index (Loh et al., 2005). Because the geometric mean
is undefined for values of zero, we replaced all zeros in the data set
with 0.1 before calculating its value. To ensure that this choice did
not produce a spurious result, we also trialled substitution of 0.01
and 0.001 for zero cases, but in all trials the resulting values of the
index were strongly correlated (r � 0.96).

The response of species diversity to disturbance and grazer
exclusion over time was analysed using a generalized additive
mixed model (GAMM) assuming a Gaussian error distribution. We
used a mixed model to account for spatial and temporal nesting in
the data, specifying the random effect as yearjplot, and applied this
within a generalised additive framework to model the non-linear
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patterns that were apparent in the raw data. In addition to standard
parametric coefficients, generalized additive models incorporate
non-parametric smoothing functions to enable flexible modelling
of non-linear responses, automatically determining an appropriate
degree of smoothing using generalized cross validation (Wood,
2006). We built two models to examine the effect of (a) flooding
and fire and (b) grazer exclusion (fenced and unfenced) on species
diversity over time, using a varying-coefficient model to generate
an independent smoothing function for each level of the categorical
predictors. All models were run in the R statistical environment (R
Core Team, 2013) using the gamm4 package (Wood, 2012). We used
residual plots to test analytical assumptions, and identified one
large outlier. However, we ran the final analyses on the complete
data set as outlier exclusion had little effect on the output and did
not alter interpretation.
3. Results

A total of 104 species from 31 plant families were recorded
during the sampling period. Of those species recorded, 14.6%
(n ¼ 15) were exotic. The following life forms were identified:
polycarp (55), monocarp (48), herbs (45), shrubs (13), tussock (6),
hummock (1) and grasses (5). About 25% of all species were from
the families Chenopodiaceae (26) and 16% from the Asteraceae.
Fig. 3. Principal Response Curve analyses describing the change over time in plots
subjected flood in contrast to those unaffected (horizontal control line). 3a) Fenced
plots; 3b) unfenced plots. The 12 species with the strongest response (Resp.1) to the
“treatments” are indicated.
3.1. Principal Response Curves

Initially we detected a significant difference in species compo-
sition of the vegetation due to the treatment history in fenced plots
(F ¼ 55.7; P ¼ 0.03), but not in unfenced plots (F ¼ 30.1; P ¼ 0.09).
Re-analysis of the full data set suggested that fire had no long-term
impact: burnt plots closely tracked the control while burnt and
flooded plots tracked those only flooded (Fig. 2). Species compo-
sition in the flooded plots diverged from non-flooded plots for 5e6
years, after which there was a tendency for vegetation to become
more similar. The temporal trends were very similar in the fenced
and un-fenced plots (Fig. 2a, b). As the previous step had shown
that fire had no discernible effect, the PRCs were re-run contrasting
only flood with control. In this case the maximum difference be-
tween flooded and non-flooded plots was observed after four years,
after which vegetation composition becamemore similar over time
(Fig. 3a, b).
Fig. 2. Principal Response Curve analyses describing the change over time in plots subjected to fire, or flood or both, in contrast to those unaffected (horizontal control line). 3(a)
Fenced plots; 3(b) unfenced plots (subjected to grazing by vertebrate species).



Fig. 4. Change in species life form frequency over time in plots subjected to flood/no-flood and unfenced/fenced (protected from grazing by vertebrate species). Whiskers indicate
SE.
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Table 1
Statistical outputs associated with the analysis of species diversity. Parametric es-
timates represent contrasts between fenced and unfenced plots, while outputs for
the smoothed term, year, indicate variation from a flat temporal trend.

Factor levels Parametric outputs Outputs for smoothed
term, year

Estimate SE P edfa F P

Unfenced 1.87 0.59 0.55
Fenced 0.06 0.01 0.00 2.82 9.72 0.00

a edf stands for estimated degrees of freedom, and defines the degree of
smoothing applied.

Fig. 5. Model predictions (lines) and raw data (circles) showing the temporal response
of the geometric mean diversity index to grazer exclusion. Dotted lines represent 95%
confidence limits.
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The temporal trends were very similar in the fenced and un-
fenced plots (Fig. 3a, b). Control plots were characterised by euca-
lypt trees, the sub-shrub Sclerolaena parviflora, shrubs Eremophila
spp., the hummock forming Triodia scariosa, and the annual Ptilotus
exaltatus. In contrast, flooded plots were characterised by native
grasses (Stipa sp.), and non-native species: grasses (Schismus bar-
batus, Bromus rubens) a shrub (Nicotiana glauca) and herbs (Sper-
gularia rubra, Sonchus asper).

3.2. Life form analysis

Relative to controls, flooding and grazing caused the largest
changes in life form abundance. Flooding reduced the abundance of
trees and shrubs, but only in grazed plots, with the largest re-
ductions observed 7e11 years after the flood (Fig. 4a,b,c,d,e and f).
The increase in abundance of herbs, monocarps, grasses, and ex-
otics, was most pronounced in fenced plots (Fig. 4 b,c,d, and f).
Initially therewere fewer tussock grasses in flooded plots, but these
regrew best when subjected to grazing (Fig. 4e).

3.3. Species diversity

Species diversity was strongly influenced by grazer exclusion
(Table 1, Fig. 5). Over the 11 year sampling period, diversity
remained constant in unfenced plots, but was substantially higher
in fenced plots, showing a hump-shaped trend that peaked around
eight years after fence construction. The response of species di-
versity to fire, flood and fire and flood was also hump-shaped and
higher than control values, but did not differ statistically from
controls (P � 0.12).

4. Discussion

Disturbances caused by high rainfall events influence vege-
tation community composition in the arid zone and elsewhere
(Holmgren et al., 2001; Westbrooke et al., 2005), but due to their
unpredictable nature such effects are rarely documented
(Thibault and Brown, 2008). Further, existing research
(Westbrooke et al., 2005; Westbrooke and Florentine, 2005;
Travers and Eldridge, 2013) has presented short-term effects of
flooding on arid zone vegetation. In this study we report how a
major flood in the arid zone of southeastern Australia influenced
vegetation composition, life-form density and species diversity
over an 11 year period. Fire and vertebrate herbivory were also
investigated as two additional factors that, either in isolation or
in combination with flooding, may influence arid zone vegetation
over the longer term.

4.1. Vegetation responses: flooding

In arid environments, the successful recruitment of trees and
other perennial plant species is confined to timeswhen soil water is
persistent enough to allow newly recruited seedlings to establish
and survive (Nano and Pavey, 2013). Typically such events are
created during consecutive years of high rainfall, but may also be as
a result of flooding as described here. Flooding caused changes in
species composition, and to the density of some life forms, but had
no detectable effect on species diversity. Flooding of arid zone
vegetation has been shown to alter species composition in the
short-term by promoting the germination of early successional
species. Our data were consistent with these findings as species
composition in control and flooded plots differed substantially four
to five years after the flood event. In subsequent years, however, the
composition of control and flooded plots began to converge,
although a substantial difference still existed at the end of the
sampling period. These are the first data indicating that composi-
tional changes in arid zone vegetation due to flooding may last well
beyond a decade. Additional long-term data after other flood
events are needed to confirm this finding.

The composition of species in the flooded plots was charac-
terised by native grasses such as the various species of Stipa,
including S. drummondii, S. elegantissima and S. scabra, as well as a
number of non-native species, such as Schismus barbatus, Bromus
rubens, S. rubra, S. asper and N. glauca. This is consistent with the
life form analysis which showed that the density of monocarps,
grasses and exotic species increased in flooded plots. Hence, an
immediate, and possibly enduring, effect of flooding was the in-
vasion of short-lived grass species and the invasive shrub N.
glauca. We predict that subsequent floods will further disperse
such species.

4.2. Vegetation responses: fire

Fire may affect vegetation dynamics in various ways (see
Harrington et al. 1984; Trollope, 1999), for instance by killing in-
dividual plants or parts of plants, or by stimulating recruitment
from seeds or through vegetative regrowth. However, the
December 1996 fire had no detectable effect on species composi-
tion or diversity in the decade-long follow up, although we note
that any possible immediate post-fire flush of seedlings was not
recorded. This lack of reaction was unexpected since existing
research shows that fire does have an effect on vegetation in arid
ecosystems (Hill and French, 2004). We consider two possible ex-
planations for this limited effect. Recruitment in the previously
inundated areas might have overshadowed the removal of plants
by fire. Alternatively, the intensity of the fire may have been low,
reducing plant mortality and facilitating rapid return of the plant
community to the pre-fire state.
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4.3. Vegetation responses: grazing

Given the low density of rabbits during the study period (rabbit
warrens were only observed during the early part of our study), the
bulk of the herbivory must be attributed to feral goats and kanga-
roos. Grazing, or the absence thereof, by large herbivores affected
species diversity over the eleven-year sampling period. Plots pro-
tected from grazing had higher diversity, mainly caused by higher
species richness, with the average number of species detected in
fenced plots amounting to twice that of unfenced plots (14.5 and 7.0
species per plot). Palatable species such as Acacia aneura, A. burkittii,
A. colletioides, A. ligulata, A. wilhelmiana, Eutaxia microphylla, Mair-
eana appressa, M. sedifolia, Senna artemisioides and several annual
species occurred more than twice as frequently in the fenced plots.
Our results are consistent with other studies showing a substantial
effect of vertebrate herbivory on vegetation composition in arid and
semi-arid areas (Wesuls et al., 2012; Lawley et al., 2013).

4.4. Effects of flooding and grazing

We found that the flooding event reduced the abundance of
trees and shrubs, but monocarps, exotics, herbs and grasses (Fig. 4
b,c,d,f) increased. In most cases, fenced plots had higher abun-
dances of species than unfenced plots. It was observed that tussock-
forming species occurred less frequently in flooded plots, but
regrew best when plots were subjected to grazing (Fig. 4). The
abundance of herbaceous plants may be attributable to various
factors. We speculate that many of the seeds were introduced after
the inundated areas had dried out, as the seed of previously resi-
dent plants would have died under prolonged water logging.
Lighter grass seed would then be reintroduced by wind from the
immediate surroundings, while heavier seed would require other
vectors (Westbrooke and Florentine, 2005; Florentine et al., 2006).

The response of the vegetation to the disturbances flood and
fire, under continuously maintained grazing, showed different
short- and long-term effects. During the first few years the vege-
tation developed within known boundaries that were identified by
other studies. Towards the end of the reporting period, however,
the composition of disturbed and undisturbed vegetation
converged. Fire and flooding effects may thus have limited life-
spans. Grazing, on the other hand, resulted in long-term modifi-
cation of the vegetation, both in composition and physiognomy,
and may be equally attributable to differences in grazing regimes
between pre- and post- European times.

5. Conclusions

This study reports on the combined effects of fire, flooding and
grazing on an arid-zone mallee community in south-western New
South Wales. The initial response of the vegetation to flooding
followed patterns similar to those established by other studies, but,
in contrast to previous work, fire alone had no discernible effect.
Eleven years after the flood vegetation composition in flooded plots
differed from controls, and species diversity was greater in fenced
compared to unfenced plots. Although the impact of flooding and
grazing on vegetation peaked between six and 10 years after the
flood, effects may last well beyond a decade. Further, flooding
increased the abundance of exotic species, adding to the evidence
that floods can facilitate the establishment of exotic plants in arid
and semi-arid environments (Florentine et al., 2006).
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