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Abstract. Provision of artificial waterpoints inAustralian rangelands has resulted in an increase in the range and density of
kangaroos. At high densities, kangaroos can inhibit vegetation regeneration, particularly in some protected areas where
harvesting is prohibited. Fencing offwaterpoints has been proposed to limit these impacts. Our aimwas to determinewhether
fencing off waterpoints during a drought (when kangaroos would be especially water-limited) would influence the density
and distribution of red kangaroos (Macropus rufus). Twowaterpoints were fenced within the first 6 months of the 27-month
studyanda further twowaterpointswerekept unfencedas controls in IdaliaNationalPark,westernQueensland.Weestimated
kangaroo densities around waterpoints from walked line-transect counts, and their grazing distribution from dung-pellet
counts. Fencing off waterpoints failed to influence either the density or distribution up to 4 km from the waterpoints. Our
results indicate that food availability, rather than the location of waterpoints, determines kangaroo distribution. Few areas in
the rangelands are beyond kangaroos’ convenient reach from permanent waterpoints. Therefore, fencing off waterpoints
without explicitly considering the spatial context in relation to other available water sources will fail to achieve vegetation
regeneration.

Introduction

Water is one of the major factors limiting the density and
distribution of large herbivores in the arid regions of the
world (Western 1975). Consequently, artificial waterpoints are
frequently provided to distribute the grazing pressure and
increase the carrying capacity of arid and semiarid areas for
domestic and wild herbivores. Accumulating evidence
shows that provision of artificial waterpoints has had a negative
and often unintended impact on biodiversity (de Leeuw et al.
2001; Smit et al. 2007) and, although the issues remain
controversial in the USA (Rosenstock et al. 1999), the need to
develop appropriate surface-water management policies that
maximise biodiversity conservation is becoming realised (Owen-
Smith 1996; Harrington et al. 1999). In the Australian rangelands,
European settlers have provided large numbers of artificial
waterpoints to support livestock. Today, little land remains
beyond 2–3 km from waterpoints in sheep country, and 6 km in
areas where cattle are grazed (James et al. 1999). The increased
availability of water has had an unintended impact on large, native
herbivores, particularly kangaroos, leading to an increase in their
range and density (Calaby and Grigg 1989; Pople 2006). At high
densities, kangaroos often inhibit vegetation regeneration
(see Grice and Barchia 1992; Norbury et al. 1993; Sluiter et al.
1997; Pople and McLeod 2000). This severely compromises
conservation goals in some protected areas (where commercial
harvesting is prohibited), e.g. by reducing habitats and food for
threatened fauna (Department of Environment 1998). Since the
negative impact of waterpoint provision on biodiversity was
reported by Landsberg et al. (1997), some park managers have
reacted by initiating programs of closing (or fencing off) these

artificial waterpoints (e.g. Bennett 1997). The assumption is that
this will automatically facilitate regeneration of native plants
around the waterpoints because kangaroos will move closer to
other water sources, reducing the local densities. This concerns
surrounding land owners because they fear that kangaroos will
be forced out on to their properties where they will then compete
with livestock for forage (Pople and Page 2001).

The density of kangaroos, especially when conditions are
mild, is limited primarily by forage abundance (Bayliss 1987).
Under mild conditions, water may not be an important limiting
factor, and removing kangaroos’ access to water may have little
effect on their densities. This was illustrated byMontague-Drake
(2004) in Sturt National Park where closing two artificial
waterpoints for up to 4 months had no effect on the density of
kangaroos. However, water may become an important limiting
factor when conditions get hotter and drier because drinking
requirements of kangaroos increase substantially (McCarron and
Dawson 1989). Without sufficient water to aid digestion,
malnutrition can lead to death. This suggests that, especially in
dry conditions, kangaroos will abandon inaccessible waterpoints
and move closer to alternative sources. Previous studies have
shown that when conditions deteriorate, and when plants and
ephemeral sources provide insufficient water, many large
macropods do rely on artificial waterpoints (Ealey 1967;
Freudenberger and Hacker 1995; Montague-Drake and Croft
2004). Once their access to artificial water sources is removed,
kangaroos move in order to drink from alternative waterpoints
within their home range (Norbury 1992; Gibson 1995; Hacker
and Freudenberger 1997). This may result in a range shift if the
alternativewaterpoints are far from the usual feeding grounds and

CSIRO PUBLISHING

www.publish.csiro.au/journals/wr Wildlife Research, 2009, 36, 457–465

� CSIRO 2009 10.1071/WR08122 1035-3712/09/060457



reaching themcan involvehigh-energyexpenditure.However, no
studies have investigated the impact of denying kangaroos an
access to water for longer than 4 months and; therefore, only the
short-term impact on the density and spatial distribution of
kangaroos is known.

Our aimwas to determine the effects of fencingoffwaterpoints
on thedensityofkangaroosover aperiodofup to25months and to
compare the spatial distribution of kangaroos between areas with
fenced and unfencedwaterpoints. The study examined areas up to
4 km from selected waterpoints so as to be similar to the study
by Montague-Drake (2004). Because fencing coincided with a
severe drought and alternative waterpoints were available
within the kangaroos’ home ranges, we expected that once
waterpoints were fenced, kangaroo density would decline from
the areas surrounding fenced waterpoints. We also expected that
the spatial distribution of their grazing would become more
focussed around unfenced waterpoints, particularly during dry
seasons. If thiswere the case, it would concurwith the philosophy
now driving the destruction of many artificial waterpoints in
inland national parks.

Materials and methods
Study area
The study was conducted at Idalia National Park in western
Queensland (24�830S, 144�600E; Fig. 1). The semiarid park

has a summer-dominated rainfall pattern. The average
maximum temperature exceeds 35�C during summer. Winter is
mild and generally dry. The long-term mean annual rainfall from
1894 to 2004was 470mm (measured on Terrick Terrick, ~20 km
north-east of the park; B. Gordon, Bureau of Meteorology, pers.
comm.). Dissected tableland covers an extensive area of this
1440-km2park and separates pockets of openplains, the preferred
habitat of kangaroos. These open plains are dominated by
annual grasses, annual forbs, perennial shrubs and mixed-
woodland species, such as poplar box (Eucalyptus populnea)
and brigalow (Acacia harpophylla). The park was gazetted
in 1990. Before this, two grazing properties had run cattle and
sheep on the land intensively for ~100 years, particularly in the
north-eastern third of the park (Department of Environment
1998). In total, 17 artificial waterpoints (the majority in this
area) have remained in operation (Pople and Page 2001).

Two species of large macropods commonly found in the park
are the red kangaroo (M. rufus) and the common wallaroo
(M. robustus). According to annual aerial surveys by the
Queensland Parks and Wildlife Services (QPWS), the average
densities (from 1997 to 2001) of red kangaroos and wallaroos in
the park were 50.4 and 81.1 individuals per square kilometre,
although densities as high as 143.9 and 116.1 individuals
per square kilometre, respectively, have been recorded. Idalia
National Park plays an important role in recovering
the populations of the endangered bridled nailtail wallaby

Treatment WP1

N
144°E

24°S
Idalia

Waterpoints

Sites

Transects

Roads

Park boundary

Open plains

Tablelands

Homestead

Treatment WP2

Control WP1

Control WP2

Idalia National Park0 5 km

Fig. 1. Location of the four study waterpoints in the north-eastern part of Idalia National Park and other waterpoints near the study
area. All, except Control WP1, were artificial waterpoints and held water throughout the study period. Kangaroos also had access to
waterpoints on a grazing property adjoining the park. Triangles indicate the location of sites at five distances from each waterpoint
at which the grazing pressure and vegetation were monitored. The dotted lines indicate line-transects on which the density kangaroo
was monitored.
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(Onychogalea fraenata; Pople et al. 2001). It is considered
that large macropods, when occurring at such high densities,
increase competition for resources and have a detrimental impact
on the wallaby’s recovery, although no study has yet been
undertaken to determine the extent of their dietary overlap.
Other macropod species found in Idalia National Park are the
eastern grey kangaroo (M. giganteus, not common), the black
striped-wallaby (M. dorsalis), the yellow-footed rock wallaby
(Petrogale xanthopus celeris) and the swamp wallaby (Wallabia
bicolor, not common). A severe drought in 2002 reduced the
densities of red kangaroos and wallaroos to 6.3 and 2.1
individuals per square kilometre, respectively (G. Lundie-
Jenkins, QPWS, pers. comm.). The density of red kangaroos
recovered during our study period, whereas the density of
wallaroos remained too low for any statistical analysis
(Fukuda 2006). In the present paper, we focus our attention on
red kangaroos.

Experimental design

Two artificial waterpoints, Hobb’s Tank and Chuckster’s Bore
Dam (hereafter referred to as Treatment WP1 and WP2,
respectively; Fig. 1), were fenced with a kangaroo-proof fence
in August and December 2002 respectively. Junction Hole and
Airstrip Dam (hereafter referred to as Control WP1 and WP2
respectively) remained unfenced throughout our study period.
Control WP1 was a natural waterhole whereas Control WP2 was
an artificial dam. These control waterpoints were chosen because
the surrounding environment (a mixture of open and wooded
habitats) matched those surrounding the treatment areas. The
areas surrounding Treatment WP1, Treatment WP2, Control
WP1 and Control WP2 (where our monitoring was conducted)
are referred to as Treatment Area 1, Treatment Area 2, Control
Area 1 andControl Area 2, respectively.We created small gaps at
the bottom of the fence to allow small mammals (such as the
bridled nailtail wallaby) to maintain access to water at treatment
waterpoints. Fencing off waterpoints selectively� as opposed to
closing waterpoints (where water is no longer available to any
wildlife)� removes access to water by certain species. It was,
thus, considered more desirable for the park.

Although no published records on the home ranges of red
kangaroos in our study areas are available, home ranges of red
kangaroos in central western New South Wales are between 11
and 21 km2 (McCullough and McCullough 2000). Kangaroos’
home ranges are known to increase during dry periods because
they actively search for food andwater (Norbury et al. 1994). This
means that kangaroos in TreatmentAreas 1 and 2may have drunk
from Control WP1 and WP2, respectively, or at waterpoints
outside the park (Fig. 1). However, this would incur additional
energy costs in terms of travelling to a more remote waterpoint.
Rainfall data were also collected at the park homestead.

Estimation of the density of kangaroos

Thedensity of kangarooswas estimatedwithwalked line-transect
counts (Southwell 1994). Three 4-km transects were established
in each study area (except for Control Area 1, where one transect
was shorter than the other two, owing to a difficult access; Fig. 1).
Although the dissected tablelands surrounding the study areas
limited the extent to which transects could be arranged randomly,

we established all transects within a combination of habitats,
including open plain, shrublands and mixed woodlands. The
minimum distances walked in one morning between the two
transects were 0.23 km (Treatment Area 1), 0.57 km (Treatment
Area 2) and 0.56 km (Control Area 1 and 2). Although these
distances were small, the extent of bias (because of kangaroos
beingflushed fromone transect to another) is likely to beminimal
when, as in our study period, the density of the target population is
very low (Southwell 1994).

Starting at dawn, a single observer walked two outside
transects in each area and completed the walk within 3 h.
The third transect (running between the two outside ones;
Fig. 1) was walked on a separate morning. At each sighting,
the observer recorded the number of red kangaroos, their distance
and bearing to the observer. The distance was determined with
a laser rangefinder (Bushnell Yardage Pro-Elite, Bushnell
Corporation, Overland Park, KS) and the magnetic bearing
with a sighting compass. A hand-held GPS (Garmin GPS 45,
Garmin International Inc.,Olathe,KS)was used to navigate.Data
were collected nine times during a 27-month period (June 2002,
October 2002, January 2003,March 2003, June 2003, September
2003, January 2004, April 2004 and September 2004) to monitor
closely any changes in densities following the fencing off the
waterpoints.

Estimation of the spatial distribution of kangaroo
grazing pressure

We used dung-pellet counts to estimate the spatial distribution of
the kangaroo grazing pressure in relation to waterpoint location
(Landsberg and Stol 1996). Within each study area, three sites
were selected at each of five distances, 0.5, 1, 2, 3 and 4 km, from
thewaterpoint (Fig. 1).Our siteswere established in open habitats
because they had higher forage abundance than elsewhere
(Scanlan 2002). The minimum distance between any two sites
was 200m to facilitate a broader spatial sampling. For Treatment
Area 1, because soil types differed at 4 km from the waterpoint,
we selected sites up to 3 km from the waterpoint only (Fig. 1).
Within each site, six fixed circular plots (6.2m2) were established
from which the numbers of dung pellets of red kangaroos were
repeatedly counted over time. The dung pellets of red kangaroos
were distinguished from those of othermacropods, using thefield
guide by Triggs (1984). Six 1-m fence posts were used to mark
the edges of three 70-m vegetation transects, in a triangular
formation, and the circular dung plot was established around
each fencepost (Fig. 2). Pelletswere initially cleared fromall plots
in June 2002. The new pellet numbers were then counted on eight
occasions from October 2002 to September 2004, coinciding
with the monitoring of kangaroo density (see earlier section).

Vegetation monitoring

We monitored vegetation within seven 0.25-m2 vegetation
quadrats spaced at 10-m intervals on each of the 70-m fixed
transects (Fig. 2). Seven quadrats in each of the three transects
yielded cluster samples of 21 quadrats per site. Within each
quadrat, percentage cover (aerial cover rather than basal cover)
of perennial grasses was visually estimated (0%, 1%, 5%, and
then to nearest 10%) as was the average height to the nearest 5 cm
(Page 1997).Monitoringwas repeated nine times from June 2002
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to September 2004, coincidingwith themonitoring of the density
of kangaroos.

Data analysis

A cumulative sum of deviations (CUSUM) was calculated
using the long-term mean for rainfall in Idalia National Park
between 1990 and 2004 to determine how dry our study period
was relative to other periods, following Kerle et al. (2007).
Kangaroo density for each sample time was estimated
following the analysis guidelines of Buckland et al. (1993)
and by using the associated program Distance 3.5 (Burnham
et al. 1980). The sighting objects were clusters (or groups) of
kangaroos. The counts from Treatment Area 1 and the control
areas were low (i.e. <40) and, therefore, were pooled to model
detection probability. Detection probability was modelled with a
uniform key function, with several cosine adjustments
determined by Akaike’s information criterion. Clusters more
than 250m from the transects were disregarded because
outlying observation is difficult to model and contributes little
to the density estimation (Buckland et al. 1993; Southwell and
Weaver 1993). All statistical analyses were performed with
R 2.7.0. (R Development Core Team 2008). All data were log-
transformed to meet the assumptions of normality (Zar 1999).
The effect of fencing waterpoints on the monthly changes in
the density of kangaroos was measured because densities varied
between the four areas. We added a small value (0.01) to each of
the estimated densities before log-transformation because some
densities were zero. The change in the density of kangaroos for
each period in each of the four areaswas calculated by subtracting
the log-estimated density of kangaroos from the log-estimated
density in the previous sample time. The changewas then divided
by the number of months since the last monitoring to calculate
the log monthly change in the density of kangaroos for each
period. The effect ofwaterpoint status (fenced or unfenced) on the
log monthly change in the density of kangaroos was examined
with a GLM (Crawley 2002). Control WP1 became dry from
June 2002 to January 2003 owing to drought, thus failing to act
as an experimental control. We omitted data gathered during this
period from this area from all the statistical analyses.

The mean number of dung pellets per square metre was
calculated for each distance (by first averaging the six plots,
and then the three sites at each distance).Wedivided thisfigure by
the number of months since the last dung count, to calculate the

meanmonthly rates of dung pellets deposited. Hereafter, this will
be referred to as kangaroo ‘grazing pressure’. The higher the
figure, the more time kangaroos were thought to have spent
feeding there. Because a kangaroo’s reliance on artificial
waterpoints depends on seasons (e.g. Montague-Drake and
Croft 2004), a linear mixed effect model (Crawley 2002) was
used to determine the magnitude of the changes in the spatial
distribution of grazing pressure from dry to wet seasons in the
areas with fenced waterpoints relative to those with unfenced
waterpoints. From the park’s rainfall data, we specified the
following periods to be dry seasons: June 2002–October 2002,
March 2003, June 2003, June 2003–September 2003 and
April 2004–September 2004. The remaining study periods
were classified as wet seasons. Season, waterpoint status
(fenced or unfenced), distance from the waterpoint and their
interactions were specified as fixed effects. Areas were
specified as random effects. A significant interaction among
season, waterpoint status and distance would indicate that the
magnitude of the difference from dry to wet seasons changed in
the areas with fenced waterpoints relative to the areas with
unfenced waterpoints. For this analysis, we omitted data from
the periods during which waterpoints were being fenced off.
When a significant interaction between waterpoint status and
distancewas found, the effect of distance on grazing pressurewas
determined with a separate GLM for fenced and unfenced
waterpoints.

To determine the relationship between the grazing pressure
and the density of kangaroos, the grazing pressure for each of the
four areas for each period was calculated by averaging over the
distances to yield the grazing pressure per area to match the
density of kangaroos, which was estimated for each area rather
than for each distance. Because the density of kangaroos was
estimated for a point in time rather than a period, the density
between two sequential times (e.g. June 2002 and October 2002)
was averaged to match the eight estimates of grazing pressure.
The relationship between the kangaroo grazing pressure and
density of kangaroos was assessed with a Spearman rank
correlation test. Unlike other analyses, no data were omitted
for this test.

We used a graphical analysis based on the Lotka–Volterra
predator–prey model (May 1973) to examine the relationship
between vegetation biomass and grazing pressure. The
Lotka–Volterra model describes the changes over time in the
size of interacting predator and prey populations. Herbivore
consumption influences the rate of renewal of food plants.
This, in turn, influences the dynamics of the herbivore
population itself (Caughley and Lawton 1981). If the herbivore
population is limited by food abundance, the time sequenceof this
cycle�when presented graphically�will show a negative-
feedback loop generated by the influence that herbivores and
vegetation exert over one another’s abundance (Bayliss and
Choquenot 2002). We used the biomass of perennial grasses
because long-term exclosures at the park revealed a substantial
decrease in these plants owing to kangaroo grazing (Fukuda
2006), a fact in accord with the findings of previous studies
(Norbury and Norbury 1992; Norbury et al. 1993). Because the
biomass of perennial grasses and grazing pressure varied within
the four areas, we investigated plant–herbivore dynamics in each
area separately. The mean grazing pressure between two
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Fig. 2. Layout of 21 vegetation quadrats and six dung plots at a site (not to
scale). Dung plots were a minimum of 3m apart.
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sequential periods was calculated for each area because we
wanted to compare the grazing pressure and the biomass of
perennial grasses at a given time (cf. grazing pressure was
measured as monthly rates of dung pellets deposited over a
period� see earlier section). After averaging, we gained seven
data points per area for grazing pressure. The percentage cover
andheight ofperennial grasseswithin aquadratweremultiplied to
produce a biomass index. The mean biomass index of perennial
grasses was calculated for each area (by first averaging 21
quadrats, then the three sites at each distance and finally the
five distances in each area). In contrast to grazing pressure,
vegetation biomass was monitored nine times during the study
period. To yield sample sizes equal (i.e. seven) to those for the
grazing pressure, the area mean of biomass indices for perennial
grasses between two sequential sample times was calculated
(e.g. i: June 2002 and October 2002; and ii: October 2002 and
January 2003) and these were then averaged again (i.e. averaged
over i and ii). Averaging was used in the analysis to remove
both spatial and temporal autocorrelation. For each area, a
corresponding pair of log-transformed biomass indices and a
grazing pressure figure per sampling time were plotted against
each other. We then visually analysed how this relationship
changed over time.

Results

The 12-month period starting from August 2002 (2 months into
the study period) was the driest 12-month-period since the park
was gazetted in 1990, according to the CUSUM analysis (Fig. 3).
The rest of the study period was also drier than average. The
density of kangaroos in areas surrounding a fenced waterpoint
declined whereas the density in areas surrounding an unfenced
waterpoint increased in the period immediately after fencing
(Fig. 4). Subsequently, however, the monthly changes in the
density around fencedandunfencedwaterpoints remained similar
for the rest of the study period. This apparent lack of difference

was supported by non-significant differences in the log
mean monthly change in the density of kangaroos between the
areas with unfenced waterpoints (0.07� 0.11 individuals per
square kilometre, mean� 1 s.e.) and the areas with fenced
waterpoints (0.03� 0.10, t26 = –0.25, P = 0.8). This indicates
that fencing off waterpoints had no lasting influence on
kangaroos, even if it disturbed their distribution in the short-term.

Similarly, our prediction that the kangaroo grazing pressure
would become more focussed around unfenced waterpoints,
particularly during dry seasons, was not supported by the data,
because none of the interaction terms involving season proved
significant (P > 0.7). The kangaroo grazing pressure was not
focussed around unfenced waterpoints, irrespective of seasons.
Even though the interaction between thewaterpoint status and the
distance was significant (parameter = –0.0112, s.e. = 0.00309,
t125 = 3.64, P< 0.0005), the grazing pressure showed no
significant trend in regard to the distance from the waterpoints
in areas with unfenced waterpoints (Fig. 5, t73 = 1.33, P= 0.2),
whereas in areas with fenced waterpoints, the grazing pressure
was higher at sites closer to the fenced waterpoints (t56 = –2.40,
P= 0.02). Furthermore, the grazing pressure at sites 0.5 and 1 km
from the fenced waterpoints was higher than that at identical
distances from unfenced waterpoints (Fig. 5).

Thegraphical analysis of the time sequenceof plant–herbivore
dynamics suggested that the biomass indices of perennial grasses
and the kangaroo grazing pressure interacted closely over time,
showing negative-feedback loops in all four areas (Fig. 6). As the
drought intensified in October 2002, the kangaroo grazing
pressure started to decline. This reduction led to an increase in
grass biomass. The recovery of the kangaroo population in
response to this increased food abundance, following the
drought, was slow and lagged. The grazing pressure showed
only a slight increase in June 2003, after an 8-month period of
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increased grass biomass. The increased grazing pressure reduced
grass biomass, which in turn limited and reduced the grazing
pressure in September 2003. The grazing pressure continued to
decline until January 2004, when the cycle was completed. In
April 2004, there was a slight recovery in the grazing pressure.
However, the effect of the increased food abundance on
the grazing pressure appears to be lagged, similar to that
immediately following the drought. The population recovery
was slow; the grazing pressure remained at the same level or
continued to decline for another 10 months, starting from
June 2003, in spite of the increased biomass of perennial
grasses following the drought (Fig. 6). A positive correlation
was found between the density of kangaroos and the grazing
pressure (r= 0.531, d.f. = 31, P < 0.001).

Discussion

Our results provided convincing evidence that fencing off
artificial waterpoints does not influence the density of
kangaroos over a distance of up to 4 km when these conditions
are maintained over a period of up to 25 months, even when the
climatic conditions are dry. Previous studies were terminated
within 4 months since the waterpoints were removed
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(Gibson 1995; Montague-Drake 2004) and/or waterpoint
removal was followed by conditions of above-average
precipitation which reduced the effects on herbivore density
and distribution (Montague-Drake 2004; Cain et al. 2008).
Therefore, one of the main strengths of our study was that the
waterpoint removal coincided with a severe drought and the
conditions that followed were also dry.

Our results also showed that kangaroos forage irrespective
of the proximity of unfenced waterpoints. If water were an
influential factor in determining the spatial distribution of the
kangaroo grazing pressure, we would expect a significant
interaction between the status and distance of the waterpoint,
i.e. the grazing pressure should be higher at sites closer to
unfenced waterpoints, whereas the grazing pressure in areas
with fenced waterpoints should be distributed irrespective of
the distance from the waterpoints. Although the interaction
was significant, the pattern was opposite to the one we
predicted. Underhill et al. (2007) assessed the physiological
needs of kangaroos at the park and concluded that, regardless
of the body size, they all would have relied on waterpoints for
drinking by July 2002 (a month after the commencement of our
study) because water from forage would have been insufficient to
provide their needs. There was no evidence that kangaroos
switched their diets to satisfy water requirements from forage
following the fencing off the waterpoints (Fukuda 2006). These,
alongwith the dry conditions of the rest of our study period, imply
that kangaroos visited alternative waterpoints but returned to the
treatment areas to forage. Consequently, there was no change in
the density or distribution following fencing off the treatment
waterpoints, even during dry seasons. Our results support the
conclusion of Freudenberger and Hacker (1995), Gibson (1995)
andMontague-Drake (2004) that removal of kangaroos’ access to
water from one area will not reduce the total density or grazing
pressure. Our results are also in accord with the conclusion
reached by Cain et al. (2008) who experimentally removed
permanent water sources and found that there was no impact
on the survival rates and home ranges of desert bighorn sheep
(Ovis Canadensis mexicana) in Arizona, USA. Farmers on
properties surrounding conservation areas are raising concerns
about whether the removal of waterpoints in reserves leads to
kangaroos being forced to drink at off-park locations. Our results
suggest, however, that even if kangaroos did drink from
waterpoints at off-park locations immediately after the removal
of waterpoints in conservation areas, the effect would be only
temporary. In the longer term, it is unlikely to result in a shift in
grazing distribution. Nevertheless, telemetry studies before and
after experimental removal of waterpoints need to be conducted
to further ascertain this.

Our study detected a link between the kangaroo grazing
pressure and food abundance, providing empirical support for
the Lotka–Volterra predator–prey model. The sign of population
regulation (i.e. a negative-feedback loop) suggests that food
abundance, rather than availability of unfenced waterpoints
within a range of 4 km, determines the kangaroo grazing
pressure. The initial decline in the grazing pressure followed
by the delayed increase, in spite of a more rapid recovery in food
abundance, was similar to the finding by Bayliss and Choquenot
(2002) from their time-trace graphical analysis on the rate of
increase in red kangaroos against pasture biomass. The negative-

feedback loops indicate that the kangaroo population is regulated
extrinsically by food abundance. Although other herbivores were
also present in the park, the average density of wallaroos (usually
the most common species of large herbivores) from our walked
counts was only 0.51 individuals per square kilometre (Fukuda
2006). Pellets of other herbivores were also rarely detected in our
dung-pellet countingplots.We, therefore, conclude that themajor
mammalian herbivore in our study site is the red kangaroo. The
close link is consistent with earlier work, showing that the
distribution of the kangaroo in central Australia and in north-
western New South Wales is determined primarily by food
abundance, and not by the location of waterpoints (Newsome
1965;Landsberg andStol 1996).Our results are also in agreement
with the finding of Cain et al. (2008) for desert bighorn sheep that
food quantity and quality are the primary limiting factors, rather
than availability of a permanent water source. The positive
correlation between the density of kangaroos and the grazing
pressure supports the use of dung counts to describe the grazing
pressure.

The close link between food abundance and the kangaroo
grazing pressure illustrates the fundamental difficulty in reducing
the kangaroo grazing pressure and regenerating vegetation in
many parts of the rangelands, because very few areas are beyond
the kangaroos’ convenient reach. Vegetation regeneration may
occur only if the area is sufficiently remote from permanent
waterpoints (Landsberg et al. 2003) and fencing will become
effective only when access is prohibited to allwaterpoints within
a close range of the kangaroo’s home range. Fensham and Fairfax
(2008) recently proposed 7 km to be the threshold distance for red
kangaroos. Unfortunately, our dataset has little to contribute to
this larger discussion because we examined the effects of fencing
of waterpoints only over 4-km distance. Accumulating evidence
from distribution studies suggests that some rarer plants and
animals are being displaced by other species that are more
favoured around artificial waterpoints in Australia (Landsberg
et al. 2003) and Africa (de Leeuw et al. 2001; Smit et al. 2007).
In parks created within Australian rangelands where there has
previously been livestock grazing aroundwaterpoints, separating
historical grazing impact from current effects caused by
kangaroos remains a challenging issue (Montague-Drake and
Croft 2004; Fukuda 2006). Although it may be tempting to install
haphazard fencing, constraining access to water by wildlife
requires in-depth planning. Further removal of waterpoints
needs to be accompanied with experimental work testing
carefully formulated hypotheses, because the effects on the
flora and fauna (especially threatened species) of fencing off
artificial waterpoints within the national parks are not easily
predictable. A useful approach would be to remove isolated
artificial waterpoints first, so that the distances between the
remaining waterpoints are maximised, as suggested by Thrash
and Derry (1999). To accommodate water requirements of
species of particular interest, e.g. threatened species such as
bridled nailtail wallabies in Idalia National Park, water may
have to be provided by using a trough that allows selective
access (e.g. by placing the trough behind a kangaroo-proof
fence). Where waterpoints are left in place for kangaroos and
other wildlife to use, the regular removal of accumulating mud is
necessary to prevent animals becoming trapped as water levels
recede during droughts (Montague-Drake 2004; Fukuda 2006).
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Although we found no effect on red kangaroos, the effect of
fencing off waterpoints may be much greater on common
wallaroos, which have a more limited mobility compared with
red kangaroos (see Ealey 1967), at least during dry conditions
when forage and ephemeral sources provide insufficient water.
For example, wallaroos have an average annual home range of
only 1–3 km�2 in arid regions (Clancy andCroft 1990). It isworth
noting that recolonisation of the study area by wallaroos was
much slower than that of red kangaroos, and that the fencing off
the two waterpoints, located near the park border, might have
prevented recolonisation altogether (Fukuda 2006). In future
studies, greater replication would be desirable, as well as more
before-fencing data (e.g. at least one full seasonal cycle) from
both treatment and control areas, particularly fromareaswith high
density of M. robustus.
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