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Abstract The effects of stock grazing on native grassy ecosystems in temperate southern Australia are well
documented. However, less is known about the potential of ecosystems to recover after a long history of stock
grazing and, in particular, whether the removal of stock will have positive, negative or neutral impacts on
biodiversity. We examined the response of understorey vegetation to the removal of sheep grazing in a herb-rich
Eucalyptus camaldulensis (red gum) woodland in western Victoria. Using a space-for-time chronosequence, wood-
lands were stratified into groups based on their time-since-grazing removal; these were long-ungrazed (>20 years),
intermediate-time-since-grazing (9–14 years), recently ungrazed (5 years) and continuously grazed. We found
significantly higher species density in long-ungrazed sites relative to sites with a more recent grazing history. No
differences were found in species density between continuously grazed sites and those ungrazed in the previous
14 years. Species composition differed with time-since-grazing removal and indicator species analysis detected
several native species (including tall native geophytes and herbs) associated with long-ungrazed sites that were
absent or in low abundance in the more recently grazed sites. Seven of the eight species significantly associated with
continuously grazed sites were exotic. Removal of sheep grazing in red gum woodlands can have positive benefits
for understorey diversity but it is likely that recovery of key indicators such as native species will be slow.

Key words: alternative stable states, Eucalyptus camaldulensis, productivity, space-for-time substitution, species
richness.

INTRODUCTION

Temperate woodlands in southern Australia have been
extensively cleared and modified since European occu-
pation (approx. 170 years ago). Stock grazing has been
a major cause of degradation. Heavy grazing typically
causes tall native perennial species to be replaced with
short exotic annuals, with various stages of degrada-
tion recognized (Moore 1973; Pettit et al. 1995; Yates
et al. 2000). In Australia, the removal of stock often
follows reservation for conservation (e.g. Lunt &
Morgan 1999) but little is known about the potential
for native ecosystems to recover after a long history of
grazing (Lunt et al. 2007a).The general aim of grazing
exclusion in conservation reserves (if not always
implicitly stated) is to improve native species richness
and cover whilst simultaneously reducing the cover
and richness of exotic species. The limited data avail-
able for temperate woodland communities in Austra-
lia, however, suggest that grazing exclusion alone may
not be enough to achieve this goal (Yates & Hobbs
1997; Pettit & Froend 2001; Spooner et al. 2002;
Spooner & Briggs 2008). It remains unclear whether

the variable responses observed result from there being
insufficient time from grazing release to document
positive changes (i.e. a ‘lag effect’) or more fundamen-
tal ecological changes have occurred in grazed ecosys-
tems that inhibit the recovery of native species (i.e.
increases in soil nutrients facilitate a positive feedback
for exotic species (e.g. Prober et al. 2008).

The compositional changes associated with grazing
and its removal suggest that impacts of grazing are
largely mediated by plant architecture, with tall stature
and tussock-forming plants more vulnerable to grazing
while species favoured by grazing are generally annual,
short, prostrate and stoloniferous or rosette plants
(Noy-Meir et al. 1989; Hadar et al. 1999; Lavorel et al.
1999; Diaz et al. 2007). The magnitude of these
changes is greatest at productive sites (Gibson & Kirk-
patrick 1989) and modified by other environmental
variables such as evolutionary history of grazing
(Milchunas & Lauenroth 1993; Lavorel et al. 1999;
Sternberg et al. 2000; Vesk &Westoby 2001; Diaz et al.
2007). Plant trait responses to grazing are largely
driven by grazer selectivity (e.g. tall, palatable species)
and gap colonization ability (e.g. dispersal ability)
(Bullock et al. 2001).

Recently, state and transition models have high-
lighted that grazing-induced changes may be irrevers-
ible if ecological thresholds for recovery have been
crossed (Yates et al. 2000; Prober et al. 2002b;
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Spooner & Allcock 2006). A major barrier to wood-
land recovery is propagule availability as many native
species do not form large or persistent soil seed banks
(Lunt 1997; Morgan 1998). In long-grazed sites, local
extirpation of grazing-sensitive species (and their
propagules) may have occurred long ago and hence,
their recovery will depend on dispersal from surround-
ing vegetation. For example, Lunt and Morgan (1999)
found the removal of stock from a long-grazed native
grassland favoured a group of ruderal colonizers that
were abundant in the region and hence, had
propagules available for re-establishment. Vegetation
recovery will also depend on the reversibility of
changes in environmental factors such as soil changes
(Yates & Hobbs 1997; Yates et al. 2000; Prober et al.
2002b).

Additionally, grazing exclusion can have variable
impacts on biodiversity (i.e. positive, neutral, negative)
depending on factors such as productivity and degree
of site degradation (Lunt et al. 2007a). In areas of
high-resource availability that support high above
ground net primary productivity, the removal of
grazing (and other disturbances such as fire) often
leads to increased biomass of dominant species which
can reduce small-scale species density through com-
petitive exclusion (Stuwe & Parsons 1977; Williams
et al. 2006). Contrastingly, in areas with low resource
availability, plant biomass may remain largely
unchanged and species density may increase with
grazing removal (Milchunas & Lauenroth 1993;
Proulx & Mazumder 1998; Osem et al. 2004; Lunt
et al. 2007a). In heavily degraded sites (i.e. overgrazed
sites that have high levels of bare ground and exotic
species), ecological thresholds to recovery may have
been crossed and hence, the extent of degradation is
an important predictor of recovery. Lunt et al. (2007b)
proposed a two-factor model to predict the impacts of
grazing removal in temperate grassy ecosystems in
Australia based on site productivity and initial site
condition. They predicted the removal of grazing to
have positive outcomes in relatively intact sites of low
productivity and to have negative or neutral outcomes
in degraded, productive areas and found support for
this in a degraded, low productivity riparian forest.
Data are now required to test this model and its pre-
dictions across all dimensions of the productivity-
condition gradient.

The aim of this study was to examine understorey
responses to the long-term removal of stock grazing in
herb-rich non-riverine Eucalyptus camaldulensis (red
gum) woodlands in the Woohlpooer State Forest
(WSF), southern Australia. The staggered removal of
sheep grazing over the last 24 years in the WSF pro-
vided an opportunity to examine recovery of native
woodland vegetation after more than a century of
sheep grazing. Herb-rich red gum woodlands in this
region are characterized by high small-scale species

density (Lunt 1990) owing, in part, to their low pro-
ductivity (Price & Morgan 2007). The woodland is
considered low productivity based on the observed low
standing crop. Further, increases in above-ground
biomass have been found with nutrient addition in
other herb-rich woodlands in this region, although
no response was found to water addition; hence,
woodlands appear nutrient-limited rather than water-
limited (Price & Morgan 2007). The woodland we
chose to study was not highly degraded (i.e. it is domi-
nated by native species and has an intact cryptogamic
soil crust), probably due to historically low stocking
rates and lack of nutrient enrichment. Hence, based on
the Lunt et al. (2007b) two-factor model, we predicted
that this little degraded, unproductive woodland may
show a positive response to grazing removal with
increases in small-scale native species density and
abundance likely.

METHODS

The WSF

The study was conducted in theWSF (37°19′60″S, 142°9′E)
in western Victoria, southern Australia. The WSF is a
3000-ha E. camaldulensis woodland above a species-rich her-
baceous ground layer. The vegetation can be considered
largely intact, despite its history of land use, given that native
species dominate the understorey and bryophyte mats are
well-developed. Soils are duplex, consisting of a loamy sand,
0.5 m in depth, above a heavy mottled clay, and are usually
waterlogged in winter and spring (Rayment & Higginson
1992). The climate is temperate with cool winters (mean
minimum temperature of the coldest month (July) is 4°C)
and warm summers (mean maximum temperature of the
warmest month (January/February) is 26.6°C) (Bureau of
Meteorology, Hamilton recording station, about 35 km to
the south of the study site). The average annual rainfall is
687 mm with a mean monthly maximum of 77 mm in
August and minimum of 32 mm in February. Annual rainfall
in the year of data collection was below the long-term average
(annual rainfall 2005 = 427 mm).

The WSF has a long history of sheep grazing dating back
to the earliest European occupation in 1880. Sheep were
removed for about 30 years from 1890 to 1920 when selec-
tors walked off the land due to hardship. Selective timber
harvesting is currently the main land use in theWSF and has
been since the early 1900s. To promote red gum regenera-
tion, sheep grazing has been phased out of the woodland
since 1981.TheWSF is fenced into large ‘paddocks’ differing
in time-since-grazing removal.We sampled from paddocks in
which stock were removed in 1981 (two paddocks), in 1991,
1994 and 1996, and from two paddocks in which stock were
removed in 2000. Two paddocks were sampled that were
grazed in 2005 at the time of sampling (Fig. 1). Stocking
rates have been relatively low and similar across all paddocks
in the last few decades, ranging from 0.3 to 0.7 DSE ha-1.
The WSF is also grazed by native macropods and it is
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believed kangaroos densities have increased there over the
last 20–30 years (Department of Sustainability and Environ-
ment 2004).

Field methods

Using a space-for-time substitution, ‘paddocks’ were divided
into four categories based on time-since-grazing removal.
These were long-ungrazed (24 years, 2 paddocks), interme-
diate ungrazed (9–14 years, 3 paddocks), recently ungrazed
(5 years, 2 paddocks) and continuously grazed at the time of
data collection in 2005 (2 paddocks). A total of 36 quadrats
(16 m2) were sampled with at least 8 quadrats per grazing
category. Quadrats were selected to detect some of the
within-paddock variability but we avoided drainage lines,
wetlands and areas of high soil disturbance due to selective
logging. Floristic data were collected in October 2005 in
peak flowering season when most species could be easily
identified. Plant nomenclature follows Walsh and Stajsic
(2007). In each quadrat, the presence of all vascular plant
species was recorded and their abundance assigned using the
Braun-Blanquet cover-abundance scale. Data were also col-
lected on moss cover (%), litter cover (%), bare ground (%)
and tree density/400 m2. Above-ground biomass of the
ground layer was collected (30 ¥ 30 cm) in each quadrat,
dried at 80°C for 48 h and weighed. Soils were analysed for

phosphorus, potassium, sulphur, organic carbon, conductiv-
ity, pH and total nitrogen. Samples were collected by taking
four random soil cores in each quadrat (20 ¥ 100 mm) which
were combined, air dried, sieved (2 mm sieve) and sent to the
Cumming Smith British Petroleum Soil and Plant Labora-
tory, Western Australia for analysis.

Data analysis

Nested anova was used to compare total species richness,
native and exotic species richness, growth-form species rich-
ness and biomass, where paddocks were nested within time-
since-grazing removal categories, with Bonferroni post hoc
tests. Paddocks were treated as fixed factors as all (in most
cases) paddocks were sampled for each of the time-since-
grazing categories. Statistical analyses were conducted using
Systat version 10. Species composition data were analysed
by non-metric multidimensional scaling ordination (NMDS)
using PC-ORD version 4.25. Dissimilarities between all pairs
of samples were calculated using the Bray-Curtis dissimilar-
ity coefficient.The relationships between environmental vari-
ables and vegetation patterns were examined by fitting
vectors of maximum correlation within the NMDS
ordination. The differences between the time-since-grazing
removal categories in NMDS configuration were tested by
multi-response permutation procedures (MRPP) using

Fig. 1. Map showing the Woohlpooer State Forest and the layout of the time-since-grazing treatments. The nine paddocks
sampled are indicated by (�).
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PC-ORD. Indicator species analysis was conducted using
PC-ORD (Dufrene & Legendre 1997). This identifies the
species which are most characteristic of each group and tests
for statistical significance of indicators using Monte Carlo
techniques. Compositional data were analysed using cover/
abundance data as well as presence/absence data. Patterns
were similar for both data and are presented as presence/
absence for the ordination and MRPP analysis, and cover/
abundance data for indicator species analysis.

RESULTS

A total of 152, mostly herbaceous, native (82%) and
perennial (76%) species were recorded. Species
density was high in all treatments with a mean of 52
species per 16 m2. Average vegetation cover was 62%
with no one species dominating; rather, total cover was
generally contributed by many species with low cover
(i.e. <5%). Ground cover (% moss, litter and vegeta-
tion) did not differ significantly among any of the
time-since-grazing categories (Table 1). Biomass was
relatively low in all quadrats (mean <80 g m-2) and we
found a marginally significant difference in biomass
among the time-since-grazing removal categories as
well as significant variation within treatments (pad-
docks) (P < 0.05; Table 2, Fig. 2). However, post hoc
tests found no significant difference among grazing
treatments. Of the soil properties measured, both
potassium and nitrogen (%) were higher (P < 0.05) in
the more recently grazed sites compared with the long-
ungrazed areas (Table 1) whereas phosphorus did not
differ significantly among treatments.

Total species density significantly increased in long-
ungrazed plots relative to all more recently grazed sites
(Table 2). We also found significant variation within
grazing treatments at the paddock scale (P < 0.05,
Table 2). Continuously grazed sites did not differ in

total species density from sites ungrazed in the previous
14 years.Reductions in species density in more recently
grazed sites were due to reductions in native species
compared to the long-ungrazed sites (Table 2, Fig. 3).
Significant increases in exotic species density were also
found in continuously grazed sites compared with
intermediate- and recently ungrazed sites, although no
significant difference was found between continuously
grazed and the long-ungrazed treatments (Table 2,
Fig. 3). Species density of native geophytes and native
perennial forbs were significantly reduced in continu-
ously grazed sites compared with long-ungrazed sites
(Table 2, Fig. 4).A significant increase in the density of
exotic annual forbs was found in continuously grazed
sites (Table 2, Fig. 4). No significant differences were
found with time-since-grazing removal for any of the
other growth-form categories (Table 2).

Time-since-grazing removal was associated with a
shift in community composition (Fig. 5). Dissimilarity
was particularly evident between the long-ungrazed
and the continuously grazed sites. Community com-
position differed significantly among all time-since-
grazing removal categories with the exception of
intermediate-ungrazed and recently ungrazed
(Table 3). Soil phosphorus was the only significant
environmental variable associated with the vegetation
patterns, increasing in more recently ungrazed sites,
although with relatively low explanatory power (r2 =
0.35).We found several mostly native species that were
significantly associated with long-ungrazed plots; these
species were absent or with low indicator values in
more recently ungrazed sites (Table 4). Intermediate-
and recently ungrazed plots had few significant indi-
cator species (i.e. *Hypochoeris radicata, Isotoma fluvia-
tilis, Ajuga australis) (*denotes exotic species). Several,
mostly exotic species, were significantly associated
with continuously grazed sites (Table 4). These were

Table 1. Mean (�1 SE) soil properties and ground cover conditions in each of the time-since-grazing categories

Time-since-grazing removal

Long (>20 years) Intermediate (9–14 years) Recently (5 years) Continuously

Soil properties
Phosphorus (mg kg-1) 2.9 � 0.3 4.6 � 0.9 3 � 0.4 3.4 � 0.3
Potassium (mg kg-1*) 117.2 � 10.6a 125.6 � 10.1ab 134.3 � 13.7ab 177.1 � 18.8b

Sulphur (mg kg-1) 1.8 � 0.2 2.8 � 0.2 2.3 � 0.4 2.8 � 0.4
Organic carbon (%*) 2 � 0.1a 2.9 � 0.2b 2.6 � 0.3ab 2.8 � 0.1ab

Conductivity (dS m-1) 0.04 � 0.003 0.06 � 0.003 0.05 � 0.004 0.05 � 0.004
pH 5.86 � 0.06 5.78 � 0.07 5.8 � 0.08 6.0 � 0.09
Total n (%*) 0.12 � 0.005a 0.16 � 0.009b 0.14 � 0.02c 0.17 � 0.01d

Ground cover
Vegetation (%) 68.7 � 2 69.8 � 2 66.6 � 4 65.6 � 5
Bare ground (%) 3.7 9.6 � 2 8.4 � 2 8.1 � 3
Moss (%) 12.5 � 1 11.2 � 2 10.6 � 1 12.5 � 3
Litter (%) 15 � 2 9.4 � 1 14.3 � 1 13.7 � 3

*Statistical significance P < 0.05. Means followed by the same letter are not significantly different.
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Table 2. Nested analysis of variance of the effects of time-since-grazing removal on biomass and species richness

Factor d.f. MS F P

Biomass 3 1686.6 3.0 0.047
Paddocks (treatment) 5 1475.9 2.6 0.045
Error 27 556.9

Total species richness 3 248.2 4.9 0.007
Paddocks (treatment) 5 149.8 3.0 0.029
Error 27 50.4

Native species richness 3 287.2 6.9 0.001
Paddocks (treatment) 5 117.4 2.8 0.036
Error 27 41.8

Exotic species richness 3 29.9 5.3 0.005
Paddock (treatment) 5 9.1 1.6 0.189
Error 27 5.6

Native annual forbs 3 12.8 4.4 0.012
Paddocks (treatment) 5 12.4 4.2 0.006
Error 27 2.9

Exotic annual forbs 3 14.2 5.4 0.005
Paddock (treatment) 5 3.8 1.5 0.228
Error 27 2.6

Native annual graminoids 3 2.2 0.725 0.546
Paddock (treatment) 5 5.2 1.658 0.179
Error 27 3.1

Exotic annual graminoids 3 1.9 1.9 0.157
Paddock (treatment) 5 1.2 1.2 0.343
Error 27 1.0

Geophytes 3 51.7 8.2 <0.001
Paddock (treatment) 5 13.5 2.1 0.091
Error 27 6.3

Native perennial forbs 3 30.4 5.4 0.005
Paddock (treatment) 5 7.4 1.3 0.286
Error 27 5.6

Exotic perennial forbs 3 0.08 0.73 0.543
Paddock (treatment) 5 0.16 1.3 0.287
Error 27 0.12

Native perennial graminoids 3 6.6 1.1 0.377
Paddock (treatment) 5 5.0 0.8 0.548
Error 27 6.2

Exotic perennial graminoids 3 0.1 1.75 0.18
Paddock (treatment) 5 0.2 3.15 0.023
Error 27 0.07

Significant effects (P < 0.05) are shown in bold.
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common in all time-since-grazing categories but found
more frequently and abundantly in the more recently
ungrazed sites.

DISCUSSION

The exclusion of stock in herb-rich woodlands can
have positive outcomes for the recovery of native plant

diversity; we observed increased species density and
shifts to a more native plant community with increas-
ing time-since-grazing removal. Recovery, however,
was slow (i.e. >20 years). Our findings were consistent
with the two-factor model proposed by Lunt et al.
(2007b) which predicted positive responses to the
removal of stock in little degraded, low productivity
sites. As predicted by the model, increases in small-
scale species density were found in long-ungrazed
plots but with no significant increase in standing
biomass. A key finding in this study was the substantial
time-lag before any responses were detected; no differ-
ences in species density were detected between con-
tinuously grazed plots and those not grazed for
14 years. The scale of the response was also relatively
minor. Although we found large increases in species
density in long-ungrazed areas, there were no major
structural or state changes associated with grazing
removal. These two key findings warrant further dis-
cussion, that is, the magnitude and timing of the
response.

Grazing exclusion had no discernable impact on
above-ground biomass accumulation, despite sig-
nificant spatial differences; all the time-since-grazing
categories had relatively low biomass (<80 g m-2).
Above-ground biomass was similar to other herb-rich
woodlands in the region (Price & Morgan 2007;
Schultz 2007). Schultz (2007) found 28 g m-2 in
grazing exclosures (in the Grampians National Park,
about 50 km from the study area), the lowest he
recorded in a range of exclosures in grasslands and
grassy woodlands across a broad rainfall gradient in
Victoria. Biomass may have been constrained by low
resource levels; rainfall was well below-average in this
region for the previous 20 years. Nutrient limitation
also constrains biomass in these woodlands. The
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ungrazed (5 years); and CG, continuously grazed. Significant
vectors with an r2 of >0.35 are shown on the configuration.
Minimum stress = 0.19.

Table 3. Summary of the multi-response permutation pro-
cedures analysis comparing all time-since-grazing removal
categories

Groups compared P A

Long ungrazed versus intermediate
ungrazed

0.001 0.05

Long ungrazed versus recently ungrazed <0.001 0.09
Long ungrazed versus continuously

grazed
<0.001 0.12

Intermediate ungrazed versus recently
ungrazed

0.25 0.005

Intermediate ungrazed versus
continuously grazed

<0.001 0.04

Recently ungrazed versus continuously
grazed

0.004 0.04

The A statistic is a descriptor of within-group homogeneity
compared with the random expectation. A maximum value
of A = 1 indicates that all sites within the group are identical.
Significant effects (P < 0.05) are shown in bold.
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addition of fertilizer in herb-rich woodlands increased
biomass to levels in which reductions in small-scale
species richness were found, owing to competitive
exclusion (Price & Morgan 2007). Studies have also
found competition from trees in woodlands may
reduce productivity of understorey species (Scanlan &
Burrows 1990; Prober et al. 2002a; Scanlan 2002) and
this has been hypothesized to limit their recovery from
grazing (Lunt et al. 2007b; Schultz 2007). Impor-
tantly, biomass removal techniques (such as grazing)
in these low productivity woodlands are not required
for the maintenance of species density, contrasting
with other temperate grassy ecosystems (McIntyre &
Lavorel 1994; Lunt & Morgan 2002).

The current study examined the removal of stock
grazing, but not necessarily changes in total grazing
pressure. The removal of the stock over the last
20 years in theWSF coincided with increased densities
of native herbivores in this region (Department of
Sustainability and Environment 2004). Hence, total
grazing pressure may not have been reduced greatly

upon domestic stock removal. The role of kangaroo
grazing on vegetation dynamics and their capacity to
maintain herbs as subordinate species in woodlands
needs to be further explored (see Bridle & Kirkpatrick
(1999, 2001) for examples of how native vertebrate
herbivores impact on tall alpine herbs).

There were no major structural changes in the veg-
etation associated with grazing removal. In particular,
we found no significant response from the perennial
grasses to the removal of stock, in contrast to other
studies which have found increased cover of native
perennial grasses following stock removal (Pettit &
Froend 2001; Spooner et al. 2002; Spooner & Briggs
2008). The neutral response of perennial grasses to
stock removal may be an indication that grazing sen-
sitive species may have been depleted some time ago
and hence, incapable of responding to the removal of
herbivores. However, grazing-sensitive native tussock
grasses such as Themeda triandra were found in the
sampling plots but they were rarely dominant, suggest-
ing other factors may be limiting the (re)growth of

Table 4. Significant indicator species and indicator values for the discrimination of the time-since-grazing removal categories
based cover/abundance data

Indicator species Probability

Time-since-grazing removal (species indicator values)

Long
Intermediate

ungrazed Recently Continuously

Long ungrazed
Goodenia geniculata 0.002 71 1 1 0
Wahlenbergia gracilenta <0.001 70 0 0 16
Centaurium erythraea† 0.01 63 3 1 5
Senecio quadridentatus <0.001 59 0 0 0
Centrolepis strigosa subsp. strigosa 0.001 54 5 20 3
Viola cleistogamoides <0.001 54 12 0 1
Astroloma humifusum 0.001 52 8 4 0
Hypoxis vaginata var. vaginata 0.004 51 23 5 0
Phyllangium divergens 0.011 47 4 0 5
Austrodanthonia setacea 0.01 44 2 2 8
Cicendia quadrangularis† 0.006 40 14 20 14
Arthropodium fimbriatum 0.01 36 0 0 0
Hydrocotyle foveolata 0.04 32 23 11 26

Intermediate ungrazed
Hypochoeris radicata† 0.04 18 45 18 20
Isotoma fluviatilis subsp. australis 0.05 0 25 0 0

Recently grazed
Ajuga australis 0.01 1 0 44 0

Continuously grazed
Galium divaricatum† 0.001 0 0 7 58
Trifolium dubium† 0.007 4 1 13 53
Trifolium campestre† 0.004 2 19 19 47
Triptilodiscus pygmaeus 0.01 0 1 3 42
Vulpia spp.† 0.01 15 16 7 41
Anagallis arvensis† 0.01 23 20 13 38
Romulea rosea† 0.04 8 28 16 35
Briza minor† 0.01 16 30 19 32

Probability values refer to Monte Carlo tests while values associated with the time-since-grazing categories are indicator values.
†Denotes exotic species.
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perennial grasses in these woodlands. By contrast, the
sub-shrub Astroloma humifusum was significantly asso-
ciated with long-ungrazed sites, indicating some recov-
ery of the sub-shrub layer may occur with grazing
exclusion.

Significant changes in species composition were
found between the long-ungrazed and all the more
recently grazed sites.As predicted from the literature on
plant functional group responses to grazing (e.g. McIn-
tyre et al. 1995; Diaz et al. 2001; Dupre & Diekmann
2001), tall geophytes and forbs were advantaged by
long-term grazing exclusion (e.g. Arthropodium fimbria-
tum, Goodenia geniculata, Senecio quadridentatus), prob-
ably because these upright species are heavily (and
selectively) browsed by herbivores (Leigh & Holgate
1979) and hence, are grazing intolerant (sensu McIntyre
and Lavorel (1994). Often species which are favoured
by grazing are those that respond to gap formation
created by disturbances associated with grazing.
However,we found no differences in the amount of bare
ground with time-since-grazing and as such, this may
be less important in sites with low grazing intensity and
low productivity. Significant differences found between
the continuously grazed sites and those not grazed for
5 years were largely due to a reduction in the abun-
dance of mostly exotic annuals (in the recently
ungrazed treatments). Increases in annual species with
grazing has been extensively reported in the literature
owing to their fast growth rate and prolific seed set
(Noy-Meir et al. 1989; Milchunas & Lauenroth 1993;
McIntyre et al. 1995; Dupre & Diekmann 2001).

We detected a substantial time-lag in recovery of
species density, with no differences in species density
between the continuously grazed plots and those not
grazed for 14 years. Species density was higher in long-
ungrazed plots in comparison with all the more
recently grazed sites, by approximately 10 species.
Re-establishment may have been constrained by
propagule supply as many native species are known to
have small and transient seed banks (Lunt 1997;
Morgan 1998) and this can delay recovery time as
propagules may need to disperse from surrounding
vegetation. A number of species associated with the
long-ungrazed sites were native annual species, which
was unexpected given annual species are usually
favoured by grazing and hence, their association with
long ungrazed sites is possibly due to spatial variability
and unrelated to grazing removal.

Soil N and K declined with time-since-last grazing,
although why this should occur is not clear. Elevated
soil nutrients might constrain vegetation recovery as
has been found in other woodlands (Yates & Hobbs
1997; Prober et al. 2002b), but in our site we think this
unlikely. Importantly, there was no difference in soil
phosphorus among treatments; phosphorus has been
linked with declines in native species richness, espe-
cially geophytes, particularly at low grazing intensity

(Dorrough et al. 2006). Hence, an important barrier
to recovery in this woodland has not been imposed or
surpassed, as it has been across much of the wheat-
sheep belt woodlands of southern Australia where
superphosphate has been added (Dorrough et al.
2006).

Caveat

The staggered removal of sheep grazing in the WSF
provided an opportunity to examine recovery from
grazing in a little studied woodland community.
However, as with all space-for-time substitutions, the
patterns we observed may have been due to natural
within-site variability rather than treatment effects per
se. In our sampling design, paddocks with similar time-
since-grazing were often adjacent to one another and
hence, some of the observed differences in plant dis-
tribution may be due to environmental variability
within the woodland. This may explain why some of
the native annuals we observed were positively associ-
ated with long-ungrazed plots even though this func-
tional group would not generally be expected to
respond this way to grazing removal. However, there
may be a replacement sequence of exotic annuals to
native annuals with time-since-grazing and this
requires further exploration. Several tall forbs and geo-
phytes were also found associated with long-ungrazed
plots, consistent with other studies (McIntyre et al.
1995; Diaz et al. 2007). Hence, despite the limitations
of using a space-for-time substitution, we believe our
findings of small increases in native species richness
and reductions in exotic species in long-ungrazed plots
are likely a true response to the removal of stock
grazing in low productivity herb-rich woodlands.

CONCLUSIONS

Herb-rich woodlands in the WSF have a history of
stock grazing and timber extraction dating back more
than 120 years. Despite this, they largely retain a
native dominance and a low cover and richness of
exotic species. As predicted by the Lunt et al. (2007b)
two-factor model, increased native species density was
found following the removal of grazing stock in this
little-degraded woodland. Despite a substantial time-
lag for recovery of species density, removing stock
from these woodlands increased their conservation
values by promoting tall native forbs and formerly
uncommon native shrubs. Barriers to rapid recovery of
the understorey are likely to be due to the (limited)
availability of propagules rather than soil factors per se.
Stock grazing does not provide any clear benefits for
the maintenance of diversity in herb-rich woodland
communities and hence, there is no reason to retain
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stock in these reserves when managed primarily for
conservation. By contrast, the maintenance of a stock
grazing regime may promote native diversity in higher
biomass grassy ecosystems where competitive exclu-
sion is stronger, as predicted by Lunt et al. (2007b)
and reported by Gibson and Kirkpatrick (1989). We
found no major structural or state changes following
grazing exclusion suggesting that long-grazed herb-
rich woodlands are relatively stable, perhaps because
native herbivores have substituted for the role once
played by sheep. Reductions in native herbivory,
however, may change recovery trajectories and this
needs further exploration.
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