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Evidence for palatability variation between the sex phenotypes
of bladder saltbush from small-plot grazing trials
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Abstract. This paper reports the results of the first intensive grazing trials to study palatability variation between
the sex phenotypes of bladder saltbush (Atriplex vesicaria Hew. ex Benth.). The results show that Merino sheep
preferentially graze female shrubs over male and bisexual shrubs in South Australia, which supports earlier paddock-
scale observations made in New South Wales. Male shrubs with higher densities of flower spikes were consumed
less than those with lower densities. However, when male flowers were small and/or sparse, the removal of male
flowers by clipping did not significantly increase the consumption of male shrubs. Female shrubs with very low
or very high densities of fruit tended to be consumed significantly more than those with moderate fruit densities.
Other physical aspects such as plant growth habit and foliage density did not have a consistent influence on grazing
behaviour. Chemical differences between the sex phenotypes are implicated. The presence of palatability variation
between the sex phenotypes suggests that there is potential to refine the existing use of bladder saltbush as an
indicator species in southern Australia.

Additional keywords: Atriplex vesicaria, rangelands, selective grazing.

Introduction
Atriplex vesicaria (bladder saltbush) is a low-growing,
subdioecious shrub with a lifespan of about 25 to 30 years
(Crisp 1978). It has long been recognised as an important
species for ecosystem stability and pastoral production in
the rangelands of southern Australia (Wilson and Graetz
1979). Due to its susceptibility to grazing and trampling,
bladder saltbush has also assumed importance as an ‘early-
warning’ indicator of change in range condition in chenopod
shrublands (Lange et al. 1994).

Before this study, a growing body of evidence suggested
that palatability variation occurs within the species.
Palatability variation has been noted between ecotypes
(Knowles and Condon 1951; Graetz and Wilson 1984),
age classes (Knowles and Condon 1951; Lange et al. 1992;
Maywald 1993) and between plants of different geographic
origin (Pearson et al. 1990). Most of the research, however,
has focused on the differential acceptability of the sex
phenotypes to Merino sheep. In separate studies, Williams
et al. (1978) and Graetz (1978) found that the sex ratio of
grazed saltbush populations was strongly biased in favour
of the male phenotype. Graetz (1978) found up to a 5-fold
increase in the female to male sex ratio with increasing

distance from water. Maywald et al. (1999) reported that
the ratio of male to female plants on grazed sites was up to
12 times higher than on adjacent ungrazed sites. Furthermore,
it has been found that female shrubs are more likely to
be grazed than male shrubs at all distances from water
(Graetz and Wilson 1979). Williams (1972) and Williams
et al. (1978) found that male plants in grazed populations
were vegetatively and reproductively more vigorous than
females of the same lifestage, and noted that this could
be explained by selective grazing. Graetz (1978) noted
that preferential grazing of females reduced their size in
comparison to males. Similar results have been reported by
Hunt (1995) and Maywald (1998). If the sex phenotypes do
indeed differ in their susceptibility to grazing, the use of
bladder saltbush as an indicator of rangeland condition and
trend could potentially be refined.

Possible reasons for the selectivity have been subject
to debate. Graetz (1978) suggested that sheep avoid the
male shrub because the terminally placed flowering spike
acts as a mechanical obstruction to the preferred foliage
below. However, Williams (1972) believed that sheep seek
out and preferentially graze the succulent unripe fruits on
female shrubs.
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This paper reports the findings of three small-plot grazing
trials undertaken to:
(a) verify that the sexes vary in their palatability in the

rangelands of South Australia, and
(b) to test the influence of some physical plant attributes

thought to influence grazing behaviour.

Materials and methods

Study site

Three grazing trials were conducted in Little One Mile Paddock,
Middleback Station (33◦10′S, 137◦20′E), South Australia (Fig. 1). The
site, described by Lange et al. (1992), occupied a broad, flat swale
dominated by an Atriplex vesicaria–Maireana pyramidata (Benth.)
Paul G. Wilson shrubland, with shrub densities of about one shrub per
square metre. Little One Mile is a small paddock which is rarely stocked
and was thus considered to be unmodified by grazing (A. W. Nicolson,
pers. comm.). As the site had not been modified by continuous grazing
by sheep, the saltbush population was expected to encompass a large
range of palatability variation.

Trials were conducted in September 1994, February 1995 and
January 1996. This ensured that hypotheses were tested in a range
of seasonal conditions and allowed the testing of new hypotheses as
they arose. The first two trials were conducted in the same sheep-
proof enclosure, which was 90 m long, 10 m wide and oriented
north–south. The enclosure was treated as nine contiguous 10 × 10 m
‘cells’ and a holding yard was situated at the southern end of the
enclosure. A new enclosure was built for the January 1996 trial to
provide a dataset independent of the previous trials. The enclosure used
in January 1996 was 70 m long, 10 m wide and was situated directly
adjacent to the other plot. Small-plot grazing trials using similar methods
have been used for studying the grazing behaviour of Merino sheep in
the rangelands of semi-arid South Australia for many years (Noble 1975;
Pearson et al. 1990; Lange et al. 1992; Maywald 1993).

Experimental shrubs

In September 1994, small aluminium tags were attached to the bases of
about 24 sexually mature shrubs in each cell. The shrubs were chosen
to ensure a relatively even distribution throughout the cell. Where
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Fig. 1. Location of Middleback station in the semi-arid rangelands of South Australia (after Wilson and
Graetz 1979).

possible, equal numbers of shrubs of both sexes were chosen. Although
bladder saltbush populations are usually dominated by the male and
female phenotypes (Williams 1979), the experimental population was
dominated by female and bisexual plants in September 1994. As a
result, the foliage consumption from 106 females and 108 bisexuals
was compared. However, by February 1995, most of the bisexual shrubs
had changed sexual phenotype, so the consumption of 93 females
and 84 males was compared. The phenomenon of sexual lability
has been found to occur quite naturally in both grazed and ungrazed
populations of bladder saltbush (Maywald 1996; Walsh 2005). A
small number of shrubs died after the September trial and some had
remained bisexual. For these reasons, less shrubs were monitored in
the February trial. In January 1996, ten sexually mature shrubs of each
sex were tagged in each cell of the new plot, resulting in 70 female and
70 male shrubs.

Shrub size and habit

The maximum width and height of every experimental shrub was
measured before grazing commenced. The measurements were made
using a metre ruler and were recorded to the nearest centimetre. The
growth habit of each shrub was also classified as either erect or
spreading. Erect shrubs were those with no branches touching the ground
and spreading shrubs had at least one branch touching the ground.
Height, width and habit were used to compare the architecture of the
sexes before grazing. Shrub habit was also included as an experimental
factor in the analyses to determine whether there was any influence of
habit on foliage consumption.

Additional treatments in the September 1994
and February 1995 trials

In addition to monitoring the consumption of shrubs on the basis of sex
and habit, two extra treatments were included to determine the influence
of foliage density and male flower spikes (Table 1). Observations in
paddocks at Middleback suggested that these factors may influence the
grazing behaviour of Merino sheep. To investigate these aspects, the
following treatments were applied to the experimental shrubs:

Wired shrub halves with control halves

This treatment was included to test the effect of foliage density on
selectivity. The underlying assumption was that grazing from densely
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Table 1. Summary of experimental treatments for the September 1994 and February 1995 trials

Trial Shrub sex Whole controls Wiring treatment Clipping treatment Total no. shrubs
Treated Control Treated Control
halves halves halves halves

September 1994 Female 54 (108 halves) 52 52 – – 106 (212 halves)
Bisexual 35 (70 halves) 37 37 36 36 108 (216 halves)

February 1995 Female 40 (80 halves) 53 53 – – 93 (186 halves)
Male 30 (60 halves) 26 26 28 28 84 (168 halves)

packed foliage should maximise the intake per bite and, thus, may
encourage preferential grazing. Randomly selected shrubs of both sexes
were manipulated to create two choices in foliage density. For each of
these shrubs, one half of the plant was left untreated and the other half
was bunched together and tied with fine wire to produce a dense array
of foliage. This allowed foliage density to be examined independently
of underlying palatability. The untreated shrub halves acted as
controls for the increase in foliage density, while the non-manipulated
whole shrubs (described previously) acted as controls for the altered
appearance of wired shrubs. Where possible, equal numbers of shrubs
were chosen in each cell. The shrubs in even-numbered cells had the
eastern halves wired, while shrubs in the odd-numbered cells had
the western halves wired. This restricted randomisation was used to
minimise the time required to relocate treatments, while acting as a
control for aspect.

Clipped shrub halves with control halves

This treatment was included to test whether male flower spikes
influence consumption and was thus applied to bisexual and male
shrubs only. For each of the chosen shrubs, the spikes were clipped
from one half while the other half was left as an untreated control. As
with the wiring treatment, the untreated halves acted as a control for the
removal of male spikes and whole shrubs (described previously) acted
as a control for the altered appearance of the treated shrubs. The same
restricted-randomisation pattern used to assign treatments to wired
shrubs was also used for the clipped shrubs. The wiring and clipping
treatments were assigned to different shrubs so that no shrubs received
both treatments.

Additional treatments in the January 1996 trials

The results of the first two trials indicated that increased foliage density
and the removal of male spikes did not significantly influence selectivity.
For this reason, the wiring and clipping treatments were not included
in the January 1996 experiment. Observations from the first two trials
indicated, however, that sheep did tend to reject male shrubs with
the longest and/or densest flower spikes. To quantify whether spike
length was influential, a spike length category was assigned to every
male shrub after visual inspection. The three categories were ‘short’,
‘medium’ and ‘long’. For those shrubs with a mixture of spike lengths,
the numerically dominant category was recorded. A calibration of spike
lengths was undertaken to quantify the means of the three size classes.
The calibration shrubs were chosen randomly from the population
directly adjacent to the experimental enclosures. One flowering branch
was cut from each of ten shrubs of each spike size class to provide a
total sample of 30 branches. These branches were bagged immediately
and returned to the laboratory. The ten branches of a single size class
were then spread evenly over a clean piece of white paper and 25 spikes
were chosen from the material as follows. With eyes closed, a drawing
compass was used to select a point on the paper and the spike closest to
the compass point was cut from its branch using dissection scissors.
This was repeated 25 times and the lengths of the selected spikes

were then measured to the nearest millimetre. All material was then
discarded and the area thoroughly cleaned before the next size class was
prepared. The relationship between category and spike length is shown in
Fig. 2. The mean spike lengths for all three categories were significantly
different (P < 0.001).

In addition to male spike length, the percentage of branches with
spikes (males) or fruits (females) was estimated for each experimental
shrub. Five classes were used: 1–20, 21–40, 41–60, 61–80, and
81–100%. These classes were used to determine if spike and fruit density
influenced consumption in the January 1996 trial.

Biomass estimation

Immediately before each trial, the twig and leaf biomass of each
experimental shrub was estimated using the Adelaide technique
(Andrew et al. 1979). This non-destructive method relies on
comparisons between the experimental shrubs and a visual standard.
In the first two trials, estimates were made separately for the east and
west halves of each experimental shrub because the treatments had been
applied to different halves.

Biomass consumption

Consumption was estimated using the microdot technique of Lange
(1984). Five small paint dots were applied to the accessible foliage of
each shrub half to provide a total of ten dots per shrub. The loss of
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Fig. 2. Calibration of the spike length categories January 1996 trial.
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microdots was monitored daily throughout each trial. The percentage of
microdots lost was assumed to be directly proportional to the percentage
of biomass lost (as demonstrated by Lange 1984). Microdots damaged
by the sheep throughout the course of a trial were recorded and then
discarded away from the site. This damage was subtracted from total
biomass loss to provide an estimate of loss due to consumption. The new
starting biomass was calculated for each day by subtracting biomass
consumed and biomass damaged from the starting biomass of the
previous day.

Experimental sheep

Merino wethers (12–18 months old) were used in all trials because they
were always available, where as ewes were sometimes unavailable due
to lambing. Eight sheep, selected from the larger station flock and kept
overnight in the holding yard at the trial site, were used in the first two
trials. Seven sheep were used in the third trial to account for the smaller
enclosure size. The sheep were let into the enclosure the following
morning and left to graze for 24 h. The sheep had unlimited access to
water from a trough during the trials. At the end of each 24 h period the
sheep were quietly mustered into the holding yard and kept there while
the microdots were recounted. Counting usually took about 2 h and the
sheep were let back into the enclosure after counting was completed.
These procedures were repeated every day. All trials were terminated
when the percentage of microdots fell below 20% of the initial number
available. Typically, this took 4 days.

The high stocking rates used in these small-plot grazing trials did
not attempt to reflect the average stocking rate of the pastoral district. In
fact, the method relies on the very high stocking pressure to investigate
patterns and processes that may take months or years to develop in real
station paddocks. The validity of using a high stocking pressure has not
been rigorously tested, however, the preferences measured in small-plot
trials are highly consistent with those measured in other contexts (Jessup
1951; Leigh and Mulham 1966; Robards et al. 1967; Andrew and
Lange 1986).

Analyses

Log10 transformations of height, width and initial biomass were
performed after Shapiro–Wilk W tests showed that the raw data were not
distributed normally. In all cases, transformation resulted in normally
distributed datasets. After transformation, the heights, widths and initial
biomass of the sexes were compared with Student’s t-test.

Relative biomass consumption was calculated for each shrub by
adding the consumption for the first 2 days and dividing it by the initial
biomass. The data for the first 2 days were used because herbivores are
most selective when the choice of forage is highest (Vallentine 1990).
For the first two trials, relative biomass consumption was regressed with
each experimental factor (sex, habit and treatment) in a generalised
linear model. The number of interaction terms was restricted because

Table 2. Summary of shrub features (mean ± s.e.) before each small-plot grazing trial

Trial Shrub feature Shrub sex Signif. (P)
Male Female

(bisexual in
September 1994)

September 1994 Initial biomass (g) 194.57 ± 12.8 227.62 ± 12.86 0.070
Height: width 0.82 ± 0.03 0.84 ± 0.03 0.691

February 1995 Initial biomass (g) 187.94 ± 9.60 185.02 ± 12.03 0.867
Height: width 0.73 ± 0.02 0.76 ± 0.02 0.442

January 1996 Initial biomass (g) 213.25 ± 10.8 192.02 ± 10.8 0.189
Height: width 0.76 ± 0.02 0.84 ± 0.02 0.031

the clipping treatment was applied to bisexuals and males only. The
interaction terms were, thus, sex × habit and sex × habit × wiring for
both sexes and sex × habit × clipping for males and bisexuals only. For
the third trial, analysis of variance (ANOVA) was used to examine the
influence of spike length, spike density and fruit density on relative
biomass consumption. After ANOVA, the Tukey–Kramer Honestly
Significant Difference (HSD) test was used to identify the means that
were significantly different. All analyses were performed using the JMP
program (SAS Institute, Cary, NC).

Results

September 1994

The initial biomass of the separate halves of the tagged
shrubs were not significantly different (P > 0.1), therefore,
the total biomass of each shrub was used to compare the
sexes. The results indicated that the bisexual shrubs had
slightly lower biomass compared with females, but this was
not statistically significant (P > 0.05; Table 2). The height to
width ratio of the sexes was also not significantly different
(P > 0.1; Table 2).

Sex was the most influential factor determining
consumption of bladder saltbush in the September 1994
trial (Table 3). Sheep consumed 36% of the female
biomass available and only 21% of the bisexual biomass.
Shrub habit was of borderline significance with spreading
shrubs being consumed more than erect shrubs (Table 3).
However, there was no significant interaction effect
between sex and habit (Table 3). Neither the clipping nor
wiring treatments had a significant effect on consumption
(Figs 3 and 4) and these treatments were, thus, pooled in the
model (Table 3).

February 1995

Shrub biomass before the February 1995 trial was not
significantly different from that at the start of the
September 1994 trial (P > 0.1). This indicates that the
biomass grazed from the shrubs in September was replaced
by new growth during the rest period. Inspection of the
data confirmed that 96% of the shrubs increased in biomass
between the end of the September trial and the beginning of
the February one. As in the previous trial, the biomass of the
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Table 3. Consumption results for all three trials showing the effect
of shrub sex as a cue for selective grazing

Prob > F(degrees of freedom)
September 1994 February 1995 January 1996

Shrub sex <0.001 (1) <0.001 (1) <0.001 (1)
Shrub habit 0.077 (1) 0.033 (1) 0.748 (1)
Sex × habit 0.339 (1) 0.544 (1) 0.560 (1)
Treatment 0.807 (5) 0.626 (5) –
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Fig. 3. Consumption of shrubs on the basis of clipping treatment,
September 1994. Error bars indicate standard errors. Columns with the
same letters signify means that are not significantly different.
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Fig. 4. Consumption of shrubs on the basis of wiring treatment,
September 1994. Error bars indicate standard errors. Columns with the
same letters signify means that are not significantly different.

east and west halves was not significantly different (P > 0.1)
and the biomass of whole shrubs was thus used to compare
the sexes. Male and female shrubs did not differ significantly
in initial biomass (P > 0.1; Table 2) or height to width ratio
(P > 0.1; Table 2).

The consumption results of the February 1995 trial mirror
those of September 1994 (Table 3). Once again, shrub sex
was the most influential factor determining consumption
of bladder saltbush, with 54% of the female biomass
being consumed compared with 30% of the male biomass.
Spreading shrubs were consumed more than erect shrubs,
however, there was no interaction between sex and habit
(Table 3). Once again, the clipping and wiring treatments
had no significant effect on consumption (Figs 5 and 6).

January 1996

The initial biomass of female and male plants was not
significantly different (P > 0.1; Table 2). Unlike the previous
2 trials, however, the height to width ratios of the sexes
differed significantly (P < 0.05; Table 2). On average,
females had greater height to width ratios than males.

The January 1996 trial was the third demonstration that
sex was the most important determinant of consumption
(Table 3). The relative consumption of the sexes was similar
to February 1995, with 57% of the initial female biomass
consumed compared with 30% of the initial male biomass.
Shrub habit was not a significant determinant of consumption
in this trial.

More male shrubs had medium length (n = 82) spikes
than long (n = 36) or short (n = 22) ones. The mean
relative consumption of the classes is shown in Fig. 7.
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Fig. 5. Consumption of shrubs on the basis of clipping treatment,
February 1995. Error bars indicate standard errors. Columns with the
same letters signify means that are not significantly different.
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Fig. 6. Consumption of shrubs on the basis of wiring treatment,
February 1995. Error bars indicate standard errors. Columns with the
same letters signify means that are not significantly different.
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Fig. 7. Consumption of male shrubs on the basis of relative spike
length, January 1996. Error bars indicate standard errors.

Although the data suggest a trend towards decreasing
consumption with increasing spike length, this was not
significant (P > 0.1).

Consumption on the basis of spike and fruit density is
shown in Figs 8 and 9. Male shrubs with lower densities
of spikes were consumed more than those with higher
densities (P < 0.001), however, the sample sizes in the lower
density categories were low and this result should be treated
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Fig. 8. Consumption of male shrubs on the basis of spike density,
January 1996. Error bars indicate standard errors. Columns with the
same letters signify means that are not significantly different.
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Fig. 9. Consumption of female shrubs on the basis of fruit density,
January 1996. Error bars indicate standard errors. Columns with the
same letter signify means that are not significantly different.

with some caution. Female shrubs with moderate densities
of fruit were eaten less than those with lower or higher
densities (P < 0.01).

Discussion

The first aim in these trials was to quantify whether the
sexes vary in their palatability in the semi-arid rangelands
of South Australia. The results show that sex was indeed
the most important of the factors measured. Females were
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consumed about 70% more than bisexuals in the first trial,
80% more than males in the second and 90% more than
males in the third. This is consistent with observations made
elsewhere and suggests that a preference for female shrubs is
widespread throughout southern Australia.

Foliage density was not a significant determinant of
consumption in these trials, even though it is known
to influence herbivores in other contexts (Heady 1964;
Vallentine 1990). The growth habit of shrubs appeared to
be of some influence in the first two trials, but not in the
third. The first two trials showed that spreading shrubs
tended to be grazed more than erect shrubs. This may be
because spreading shrubs allow sheep to access foliage
more readily.

The third trial showed that male flower spikes may
influence grazing, even though the clipping treatment in
the first two trials did not support this. We suspect that the
clipping treatment may not have been a sound way to test
the influence of spikes. If spikes deter sheep (as proposed
by Graetz 1978), then the removal of them from one half of
a shrub may not result in an increase in consumption of that
half. This is similar to the situation where a plant which is
considered to be relatively palatable is left ungrazed due to
its proximity to a less palatable one (Heady 1964; Arnold
1987). Thus, the clipped half of a saltbush may not be
grazed because of the close proximity of spikes on the
non-clipped half. Furthermore, because of a large rainfall
event before the third trial, the saltbushes at the site flowered
and fruited more heavily than in either of the previous
trials. Given that the spikes were relatively smaller and
sparser in the first two trials, the clipping treatment may not
have greatly altered the clipped halves compared with the
unclipped halves. This is supported by the fact that it was
the males with the most densely packed spikes that were
consumed the least in the third trial. Inclusion of the clipping
treatment in the third trial may have helped to clarify this
issue. Female shrubs with very low or very high densities
of fruit tended to be consumed significantly more than those
with moderate fruit densities. If sheep preferentially graze
female shrubs because they are attracted to the fruits (as
suggested by Williams 1972), we would have expected a
pattern of increasing consumption with increasing fruit
density. Instead, these trials lend support to the alternative
hypothesis (Graetz 1978) that sheep avoid the male flower
spikes. Later research using cafeteria trials confirms indeed
that sheep use the male flower spike as a visual cue to an
underlying chemical deterrent in male shrubs (Maywald
1998; Walsh et al. 2005).

Although the small-plot trials reported here were designed
to investigate physical influences on grazing behaviour, it is
worth foreshadowing the issue of an underlying chemical
basis for the selectivity. On a world scale, the genus
Atriplex is considered to be relatively benign in terms of
chemical defences (Sanderson and Stutz 1994). This suggests

that research into chemical differences between the sex
phenotypes of A. vesicaria should focus initially on the
simpler chemical groups or on chemicals already known to
occur in Atriplex. For example, some Australian Atriplex
are known to contain unpalatable concentrations of salts,
saponins, triterpenes, oxalates and steroids (Simes et al.
1959; Osmond 1963; Sanderson and Stutz 1994). However,
palatability differences between plants are not always due
to toxic or secondary compounds. Nutritional factors such
as protein, fibre and fats are also known to influence
the selective grazing behaviour of animals (Malecheck
and Provenza 1983). Although the relationship between
palatability and chemical composition is highly complex and
proof of causation is difficult to verify (Molyneux and Ralphs
1992), the chemical factors outlined above may provide
a starting point for investigating differences between the
sex phenotypes.

These three trials demonstrated that the relative
palatability of the sexes of bladder saltbush is quite
consistent through time. The three trials were conducted
in three different years, in contrasting seasonal conditions,
in two different plots, using three different flocks of sheep.
A single experiment with three replicates would not have
revealed the consistency of the behaviour over time. The
results support the findings from piosphere studies in western
New South Wales and the anecdotal observations made
throughout southern Australia. This suggests that the cues
influencing the sheep are quite strong and appear to elicit
the same grazing behaviour from sheep separated through
space, time and edaphic context. Given the accumulating
evidence for palatability variation between the sexes across
the species’ range, we hypothesise that the use of bladder
saltbush as an indicator could potentially be refined.
Measures that focus on the status of female shrubs (such
as size and vegetative and reproductive vigour) may allow
adverse changes to be detected even sooner than at present.
Furthermore, the measurement of sex ratios may offer a rapid
way of assessing rangeland condition in areas containing
Atriplex vesicaria. We have since investigated these concepts
as part of a larger study and will present our findings in
future papers.
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