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Abstract. A regional vegetation survey of the temperate
grassy woodlands (temperate savanna) in Australia was de-
signed to assess the effects of clearing and grazing on the
composition of vegetation remnants and the adjacent pasture
matrix. Vegetation was sampled across a range of habitats
using 77 0.1024-ha quadrats; the relative abundance of spe-
cies was recorded. Classification analysis clustered the sites
into three main groups that corresponded to intensity of
grazing/clearing followed by groups based on underlying
lithology (basalt, metasediment, granites). Using Canonical
Correspondence Analysis, exogenous disturbance and envi-
ronmental variables were related to the relative abundance of
species; grazing intensity had the highest eigenvalue (0.27)
followed by tree canopy cover (0.25), lithology (0.18), alti-
tude (0.17) and slope (0.10). Based on two-dimensional
ordination scores, six species response groups were defined
relating to intensity of pastoralism and nutrient status of the
landscape. Abundance and dominance of native shrubs, sub-
shrubs, twiners and geophytes were strongly associated with
areas of less-intense pastoralism on low-nutrient soils. The
strongest effects on species richness were grazing followed
by canopy cover. Continuously grazed sites had lower native
species richness across all growth forms except native grasses.
There was no indication that intermediate grazing intensities
enhanced forb richness as a result of competitive release.
Species richness for all native plants was lowest where trees
were absent especially under grazed conditions. Canopy
cover in ungrazed sites appeared to promote the co-existence
of shrubs with the herbaceous layer. Predicted declines in
forb richness in treeless, ungrazed, sites were not detected.
The lack of a disturbance-mediated enhancement of the
herbaceous layer was attributed to habitat heterogeneity at
0.1 ha sampling scale.

Keywords: CCA; Clearing; Competitive release; Exotic spe-
cies; Grassland; Grazing; Savanna; Species richness.

Nomenclature: Harden 1990-1993.
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Introduction

Temperate grassy woodlands (temperate savanna)
in Australia once covered about 1 million km?, about
half of which has been cleared for cropping and grazing
(Yates & Hobbs 2000). The effects of clearing and
thinning trees on temperate woodlands for grazing in-
clude the following: replacement of native species by
exotics (McIntyre & Lavorel 1994a; Pettit et al. 1995;
Yates & Hobbs 1997), decreased species richness
(MclIntyre & Lavorel 1994a; Pettit et al. 1995), changes
in the dominance of the herbaceous layer (Whalley et al.
1978; Trémont 1994; Wahren et al. 1994; Mclntyre et
al. 1995) and declines in the recruitment opportunities
for tree and shrub species (Yates & Hobbs 1997; Clarke
2002; Henderson & Keith 2002). Evidence for these
changes comes from historic records, comparative analy-
sis of spatial patterns (natural ‘experiments’) and the
results of experimental studies (Wilson 1990; Yates &
Hobbs 1997; Clarke 2000). These effects appear to
contrast with grassy communities with a long evolution-
ary history of grazing where changes in composition
(species similarity), dominant species, growth-forms,
and diversity are less pronounced (Milchunas &
Laurenroth 1993).

In the tablelands of eastern Australia, agriculture is
centred upon sheep and cattle grazing of native pastures
after removal or thinning of eucalypt woodlands to pro-
mote native grasses and improved pasture. Anthropo-
genic native grasslands are now widespread on the table-
lands and studies have mainly examined the impacts of
stock grazing and other disturbances in natural ‘experi-
ments’ in the pasture matrix (McIntyre et al. 1993; Trémont
1994; McIntyre & Lavorel 1994a, b; Mclntyre et al.
1995). Conversely, regional vegetation surveys have
mainly examined woodland or forest remnants assuming
the cleared matrix is of little conservation value (e.g.
Benson & Ashby 2000). However, landscape compari-
sons of floristic composition between open areas and
those that retain eucalypts are lacking, nor has there been
any attempt to partition the effects of tree removal from
that of grazing. More broadly, the effects of understorey
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grazing and tree canopy on vegetation composition have
rarely been assessed in savanna ecosystems (Scholes &
Archer 1997; Gibbs et al. 1999). Similarly, the effects of
canopy and grazing interactions on competitive exclu-
sion are poorly understood especially in temperate sa-
vanna (Scholes & Archer 1997).

The purpose of this paper is to examine the effects of
anthropogenic disturbance on the composition of grassy
communities. These effects were assessed by contrast-
ing intrinsic environmental factors (altitude, slope and
lithology) and anthropogenic modifications (grazing and
tree cover) of the landscape to test whether; (1) anthro-
pogenic disturbance or environmental factors more
strongly influence species composition, (2) changes in
abundance of species, growth forms and richness by
disturbance interact with environmental factors and (3)
competitive release by canopy shade or grazing in-
creases understorey species richness.

Methods

Study system

The research was conducted on the New England
Tablelands in eastern Australia covering an area of
approximately 30 000 km?2, about half of which was
grassy eucalypt woodland or grassland. Mean annual
rainfall ranges from about 750-900 mm, of which 60%
falls in the summer months of November to March.
Mean annual temperature is ca. 18 °C. The soils range
from kurosols, over metasediments, to vertisols derived
from basalt flows. The vegetation of the region is domi-
nated by anthropogenic grasslands, grassy woodlands
and forests (temperate savanna), shrubby woodlands
(sclerophyll forests), with minor areas of heath and
wetlands. Differences in the biophysical environment
primarily influence natural vegetation patterns on the
tablelands (800-1200 m) of eastern Australia (Benson &
Ashby 2000). The most obvious of these patterns is
segregation of the sclerophyll shrub-dominated com-
munities on nutrient-poor lithosols (see Hunter & Clarke
1998) and the more widespread ‘grassy’ communities
on deeper clay-rich soils. Natural treeless grasslands oc-
cur in cold air drainage basins on fertile soils and in
grassy ‘dells’ within woodlands in minor drainage de-
pressions. These tree-grass mixes appear to be stable
over millennia with little evidence for grazing-browsing-
fire interactions (Clarke unpubl.).

Whilst grasses dominate in the herbaceous layer,
forbs are the richest species component in tableland
grassy woodlands (Mclntyre et al. 1993). The vegeta-
tion of the region forms a variegated landscape due to
the intrinsic environmental variation within the region

and to the regimes of pastoral management (fire, fertilizer,
stock, clearing, cultivation) (McIntyre & Barrett 1992).
Fire frequency in the grassy landscapes over the last 50 yr
is very low and fire extent is small due to fire suppression.
Most woody plants resprout after fire in grassy wood-
lands (Clarke & Knox 2002). The main pre-European
grazers/browsers in the landscape were grey kangaroos
(Macropus giganteus) which were largely replaced after
the 1860s by domestic sheep and cattle grazers.

Sampling design

Vegetation was sampled with 77 0.1024-ha quadrats
within relatively homogeneous patches of grasslands
and grassy woodlands from a randomly selected popula-
tion of predefined environmental classes (Table 1). These
classes were identified by satellite images together with
geological maps of the region and re-adjusted after site
visitation. Polygons from satellite images (tree cover
classes) were mapped onto the geology, elevation and
topography using a GIS. Sets of polygons with the same
class combinations were sequentially labelled and a
random subset chosen for sampling. At each site a
nested scoring approach was used to estimate density of
each species using the frequency-score of Morrison et
al. (1995). The presence/absence of vascular plant spe-
cies was recorded in each of the ten concentric quadrats
(2,4,8,16,32,64, 128,256,512 and 1024 m?) to give a
score out of ten for each species in the sample. This score
reflects the density of each taxon rather than its cover or
biomass as described and validated by Morrison et al.
(1995).

Table 1. Environmental variables used to stratify sampling
sites and analyses of species richness data.

Stratification / Level (n) Criteria

Altitude (A)

Ah  High (27) > 1400 m
Ai  Intermediate (33) 1100-1400 m
Al Low (17) < 1100 m

Lithology (L)
LI  Low nutrient (22)

Lm Medium nutrient (22)
Lh  High nutrient (33)

Slope position (S)
Su  Upper (10)
Sm  Mid (32)

Sl Lower (35)

Grazing (G)

Gl  Low/none (29)
Gi  Infrequent (19)
Gc  Frequent (29)

Tree cover (T)
Tc  Open (19)

Tt  Thinned (23)
Ti  Canopy (35)

Leucogranites and porphry
Metamorphics and biotite granites
Basalt and alluvium

Effects of sheep and cattle grazing.

Knowledge of land use and physical condition
of paddock swards used to assess level.
Exclosures, National Parks, Nature Reserves
Stock routes, roadsides, ‘back-paddocks’
Paddocks intensively used

Effects of land clearing rather than natural tree
cover assessed. i.e. natural grassland excluded
Paddocks cleared of trees with trees in adjacent
areas of equivalent landscape position.

Areas with stumps; scattered canopy cover.

No recent evidence of clearing, mainly mature
trees with canopies < two canopy widths apart.
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Classification and ordination

Cluster analysis was used to classify quadrat data
collected to obtain a general account of the floristic
variation across all sites sampled. This matrix consisted
of 77 quadrats (objects) and 558 species (attributes).
Species abundances were entered as frequency scores
from 1 to 10. The Bray-Curtis coefficient was used to
calculate an association matrix using unstandardized
data. Sites were clustered using agglomerative classifi-
cation (UPGMA, B = —0.1) with the PATN package.

Canonical Correspondence Analysis (CCA) con-
strained on major environmental variables after com-
parison with correspondence analysis (ter Braak 1987).
Five variables were used included: altitude, slope, lithol-
ogy, tree canopy cover and grazing intensity (Table 1).
Statistical tests of the significance of the relationship
used Monte Carlo simulations with 999 permutations
within CANOCO. Interpretations of the triplot ordina-
tion diagrams follow ter Braak & Verdonschot (1995).

Species groups and growth form comparisons

Each species was assigned to a group based on
agglomerative classification of species (six group level)
and position of individual species in the CCA two-
dimensional ordination space. Within groups, compari-
sons of plant growth form abundances were made using
summed abundance scores of all species in each of six
growth forms plus exotic and native species richness;
exotics, natives, native grasses, native forbs, native
geophytes, native shrubs, native twiners, and native
trees. Total species richness of each growth form was
also calculated by summing growth form richness over
all six groups. A G-test of association were used to test
for significant differences ( P < 0.05) in ratios of abun-
dance and richness among the six groups. Species with a
summed abundance score across all sites = 10 and
occurring in = 10% of sites were used to define group
dominants (App. 1).

Species richness

Generalized linear models (GLIM) with a Poisson
error structure with a log link function (Crawley 1993)
were used for analysis of species richness response to
altitude, lithology, grazing and tree cover classes (Table 1).
Richness responses were evaluated by growth form and for
all species. In these analyses the effects of grazing and
canopy cover could be assessed independently because
there were orthogonal combinations of both variables
across lithology and to some extent altitude.

7 *

Results

Classification and ordination of sites

Classification analysis clustered the 77 quadrats/
sites into three main groups that corresponded to high,
intermediate, or low pastoral activity, but failed to dis-
criminate according to grazing and clearing intensities
independently. Sites were assigned to secondary groups
related to lithology (basalt, metasediment, granites),
providing a nine group analysis framework. These groups
were superimposed on the distribution of sites in the
ordination produced by using CCA (Fig. 1). Their posi-
tion suggests that axis 1 corresponds with increasing
pastoral activity and axis 2 with decreasing soil resource
levels (Fig. 1). Constrained ordination showed that the
first two axes accounted for 61% of the variance in
weighted average abundances of species. The global
model with all environmental variables produced a multi-
variate regression coefficient of 0.88 for axis 1 and 0.84
for axis 2. For axis 1, the highest canonical coefficient
was grazing (0.58) followed by clearing (— 0.50); for
axis 2, lithology had a very high coefficient of — 0.9.
(Fig. 1). Overall, grazing intensity had the highest
eigenvalue (0.27) followed by tree canopy cover (0.25),
lithology (0.18), altitude (0.17) and slope (0.10).
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Fig. 1. Constrained ordination of sites and major environmen-
tal factors of the first two axes of a Canonical Correspondence
Analysis (CCA). These axes account for 61% of the variance.
Quadrat groups, classified by UPGMA, are shown with differ-
ent symbols and shading. Dark fill are those sites intensively
grazed with little canopy cover, grey fill are those sites with
intermediate grazing and no fill are those sites with low
grazing intensities and a tree canopy. Basalt sites shown as
squares, metasediments as diamonds, and granitoid as circles.
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Species groups

Six species groups were defined based on the posi-
tion of the species in ordination space along the two
environmental axes (intensity of pastoralism and lithol-
ogy) and UPGMA classification of species. Six groups
corresponded closely to three broad levels pastoralism
subdivided into two levels of lithology/edaphic con-
trasts. Assigning species into groups associated inde-
pendently with canopy cover and grazing was not possi-
ble because of similar vectors in CCA. Hence the com-
bined effects are termed ‘intensity of pastoralism’. The
species groups are (1) tolerant of intense pastoral activ-
ity on high soil resource levels (56 species); (2) tolerant
of intense pastoralism on medium to low soil resource
levels, (46 species); (3) tolerant of all levels of pastoral-
ism on high soil resource levels (61 species); (4) tolerant
of all levels of pastoral activity on low soil resource
levels (146 species); (5) intolerant of pastoralism on
high soil resource levels (72 species); and (6) intolerant
of pastoralism on low soil resource levels (159 species).

Growth form abundance and richness of species
response groups

In all species groups, forbs had the highest summed
abundances followed by grasses, shrubs, graminoids,
trees, twiners, ferns and geophytes (Table 2). Between
species response groups, growth form abundance and
richness changed significantly (Table 2). In the pasto-
ralism-tolerant groups native grasses were more abun-
dant than forbs, but had lower richness than native forb
and exotic species (mostly annuals) (Table 2, App. 1).
Ferns, geophytes, sub-shrubs and twiners were either
reduced in abundance or absent (Table 2, App. 1).

In the tolerant of all levels of pastoralism groups
native grasses were also more abundant and less diverse
than forbs (Table 2). These groups contained most of the
widespread and commonly occurring perennial grasses,
native forbs and the common introduced annuals that
occur throughout temperate regions of Australia (Ap-
pendix). Common trees in the landscape were also rep-
resented in this group and a number of unpalatable shrub
species (Epacridaceae) were present. Within the higher
nutrient species group a major component of the flora
was missing, with no twiners, ferns or geophytes repre-
sented (Table 2, App. 1).

In the pastoralism-intolerant groups native forbs
were both more species-rich and abundant than native
grasses and the prominence of exotics was lower (Ta-
ble 2, App. 1). In contrast to the intolerant and interme-
diate response groups, ferns, geophytes, sub-shrubs,
shrubs and twiner species were well represented both
in terms of richness and abundance. Twiner species

‘ 005-14 2628 Clarke 8

were particularly abundant in the group associated with
more fertile soils whilst native shrubs were the most
represented growth form in the low nutrient response
group.

In summary, there was a large number of native
herbaceous species in all pastoralism response groups,
but particular species were strongly associated with
anthropogenic disturbance and/or lithology. Rarer growth
forms (ferns, geophytes, twiners) were more strongly
associated with low levels of pastoralism. Shrub species
presence was also associated with low levels of exog-
enous disturbance but this effect interacted with lithol-
ogy whereby low nutrient sites had more shrub species
(Table 2).

Species richness

Total species richness ranged from 23 to 88 spe-
cies with an average richness over all sites of 51.1
species per 0.1024 ha; about 20% of species were
exotics (Table 3). The most species-rich growth form
for native plants was forb, followed by grass, shrub,
tree, graminoid, and twiner groups (Table 3). The
strongest effects detected in species richness were
those associated with grazing and canopy cover (Ta-
ble 4). Continuously grazed sites had lower species
richness for all native growth forms except grasses
(Fig. 2). This pattern was consistent across all three
classes of lithology, with no enhanced richness at
either intermediate grazing or intermediate nutrient
status (metasediments) (Fig. 3). Total, native and ex-
otic species richness did not vary significantly with
altitude or lithology, but exotic species showed some
effects of lithology (Table 4, Fig. 3). For exotic spe-
cies, richness was highest in infrequently grazed loca-
tions without tree cover but where tree cover was
present it tended to suppress exotic species richness;
hence the significant tree x grazing interaction (Table
4, Fig. 2b). Both native forb and shrub species had
lower species richness in sites that were continuously
grazed in open sites but the presence of a canopy
increased species richness (Fig. 2d, e). Native forb
species, however, had higher levels of species richness
when there was no canopy and low grazing intensity
(Fig. 2d). In contrast, the richness of native shrub
species was enhanced where grazing intensity was low
and tree cover was present (Fig. 2e).
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Table 3. Comparison of mean species richness per 0.1024 ha among native and exotic species and among main native plant growth

forms. Note that other growth forms (geophytes, parasites, and ferns) also occur in small numbers and contribute to total species

richness. The shrub growth form also includes sub-shrubs.

Total Native Exotic Native grass Native forb Native Native Native Native
graminoid Twiner shrub tree
Mean 514 413 10.1 8.4 21.3 2.6 24 53 2.7
SE 1.7 14 0.5 04 1.0 0.2 0.1 04 0.2
Range 23-88 11-73 3-27 1-17 4-48 0-7 0-6 0-14 0-6
Total 558 441 117 67 159 31 13 99 40

Discussion

Do disturbance factors influence composition more
than the environment?

The floristic composition of the grassy woodlands
and forests of the New England Tablelands was more
strongly related to exogenous disturbance than to the
environmental factors of lithology, altitude and slope.
This result contrasts with a previous study of the herba-
ceous layer by McIntyre & Lavorel (1994a) in which
anthropogenic and environmental factors were ranked
equally. The differences between that study and the
results presented here may be related to the larger sam-
pling areas, the inclusion of rare species, and sampling
of a broader range of environments in this study. The
present findings are consistent with studies from a range
of habitats of major floristic changes in response to
pastoral management in the temperate regions of Aus-
tralia (e.g. Leigh & Holgate 1979; Pettit et al. 1995;
Henderson & Keith 2002; McIntyre & Martin 2002). In
particular, a recent study of forest shrub species has
shown that exogenous disturbance explained more vari-
ation in floristic composition than either environment or
spatial factors (Henderson & Keith 2002).

Changes in growth form composition

The differences in floristic composition along the
disturbance gradient were reflected in the abundance
of different growth form groups. Ferns and geophytes
were virtually absent from sites of intense pastoralism,
whilst shrubs, sub-shrubs and twiners were in very low
abundance. These results are consistent with the pre-
dictions of Mclntyre et al. (1995) and Mclntyre &
Lavorel (2001) that phanerophytes, chamaephytes and
geophytes would be sensitive to exogenous distur-
bance

These effects are modified by lithology: lower-
resource soils support more shrub species. The cause
of these patterns may be the lack of regeneration niches
in grazed landscapes for native woody species which
require seed burial and fire related germination cues to
establish, and deep soil without competition to survive
(Clarke et al. 2000; Clarke & Davison 2001; Clarke
2002). In grazed landscapes with low tree cover, fertile
soils, fire suppression, and dense ground cover, the
scope for shrub and twiner seedling recruitment is
minimal.

Within the herbaceous layer, there was a shift in
composition under increasing disturbance from domi-
nance of native warm-season perennial grasses (e.g.

Table 4. Generalized linear models (log-linked model, Poisson error) for species richness in 0.1024 ha samples for different plant
growth forms for models with lithology, altitude, tree cover and grazing as factors.

Native Native Native Native Native Native
All Native Exotic grass forb geophyte shrub twiners trees

df Dev. x> Dev. x> Dev. x> Dev. x> Dev. x* Dev. x> Dev. x* Dev. x> Dev.
Altitude (A) 2 036  0.89% 1.03 256 1.14 171 990 1485 3.89 5.84n 1003  10.03" 456 684" 434 434n 112 1.1208
Lithology (L) 2 151 377 679 1698 1044  15.66™ 0.62 090" 224 336%™ 6.69 6.69"  3.87 581m 439 439% 362 3.62m
Tree cover (T) 2 2282 57.06"" 22.82 57.05"" 8.63 12.94" 191 287" 1740 2609 096  0.96™ 1561 23427 642 642" - -
Grazing (G) 2 1935 48.39"" 22.15 5538 043 0.65™ 226 3.39m 3042 4563 1.10 1.10 889 13.35" 151 1.51" 23.89 23.89"™
AxL 4 0.59 1.48% 147 3,67 448 6727 1.24 1.86m 261 3.92% 12,10 12,10 1.07 1.60m  0.18 0.18™ 296  2.96™
AxT 4 413 1032 598 1497 482 7230227 3407 6.11 9.17% 411 4.11m 457 6.85"  1.09 1.09ms - -
AxG 4 444 11107 241 6.03"  6.00 901 732 0.2  1.60 2400 329 329m 372 558 386 3.86m 338 3.38m
LxT 4 943 2359° 795 19.97 648 9727 1.09 1.64m 899  1348™ 6.82 6827 325 487 327 3.27m - -
LxG 4 447 1117 568  14.21™ 246 3.68™ 091 1.377 1290  19.34"  1.66 1.66™ 500 751 452 4520 173 1.73ns
Tx G 4 1393 348" 931 2328" 1742 2614 509  7.63 7.87 11.80™ 5.73 573" 1008 15.12° 4.18 4.18ms - -
Residual 44 48.72  121.8™ 39.05 97.62™ 4422 663" 3198 47.98" 3920 58.74" 30.55 30.55™ 36.80 55.20m 17.73 17.73" 68.86 68.86™
Scale 25 25 1.5 1.5 1.5 1.0 1.5 1.0 1.0

Dev. = deviance,™ = not significant;" = P < 0.05;"= P <0.01;"" =P <0.001.
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a) Native and exotic species

Themeda) to short-lived exotic cool season grasses
(e.g. Bromus). There was also replacement of native
forbs by exotics under intense pastoral activity particu-
larly on sites of higher fertility. Overall, native peren-
nial grasses appear more persistent than native forbs
because of the position of regenerating buds (Mclntyre
etal. 1995). Exotic herbaceous species also have smaller
seed, longer dormancy and accumulate large seed banks,
hence they are strongly associated with disturbance
(McIntyre et al. 1995).

B Grazing continuous
23 Grazing intermediate
7 Grazing infrequent

Mean species richness (0.1ha)

\\‘
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Contrasting changes in different climate types

Native: Basalt
Native: Sediments

2
L
c
o
<9
%
=4
o
z

b} Native grasses and forbs

Exotics: Basalt
Exotics: Granitold
Exotics: Sediments

The decreased shrub abundance under pastoralism a5
in SE Australia contrasts with sub-humid and arid
woodlands where woody plant encroachment into
rangelands can occur when grazing is intense and
competitive interactions with grasses are reduced
(Wilson 1990; Milchunas & Laurenroth 1993; Scholes
& Archer 1997). The reason may be that the disconti-
nuity of the herbaceous layer in drier systems provides
more scope for shrub seedling recruitment after peri-
odic rainfall and/or fire events there than in more
humid grassy communities (Scholes & Archer 1997)
like the New England Tablelands.

The lack of exotic annual dominance of the inten-

@ sively grazed herbaceous layer contrasts with grazed
winter rainfall temperate woodlands in southern Aus-
tralia (Hobbs & Huenneke 1992; Tremont & Mclntyre tor
1993; Pettit et al. 1995) and Mediterranean grazed
grasslands (Noy-Meir 1995). The dominance of exotic
annuals in winter-rainfall woodlands may be a result of
the inability of native perennial species to survive
summer drought, defoliation and competition from
exotic annuals, whereas native perennials do better in
the New England region because of a longer growing
season resulting from more summer rainfall. This com-
parison suggests that climate may modify the impacts 0
of disturbance in grazed landscapes by changing op-
portunities for competitive displacement. This conclu-
sion is consistent with that of Milchunas & Lauenroth
(1993) whose global review of grazing showed that
grazing effects were modified by productivity — mois-
ture gradients.

Mean species richness (0.1ha)

Native Grass: Basait
Native Grass: Granitoid
Native Grass: Sediments

Native forbs: Basalt

Native forbs: Granitoid
Native forbs: Sediments

¢} Native twiners and shrubs

Mean species richness (0.1ha)

Shrubs: Basalt
Shrubs: Granitoid
Shrubs: Sediments
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Twiners: Basalt
Twiners: Granitoid

. Grazing continuous
Grazing inter.
Grazing low

Fig. 3. Mean species richness (+ se) of (a) native and exotic
species, (b) native grasses and forbs, (c) Native twiners and
shrubs on three lithologies; basalt (high nutrient soils), granitoid
(intermediate nutrient soils) and metasediments (low nutrient
soils) by three levels of grazing.
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Is there evidence for disturbance-mediated
co-existence?

It is well documented that lack of disturbance in
grassy vegetation can result in competitive exclusion
and decrease species richness (Grace 1999). Thus there
was an expectation that in sites with low grazing and
no canopy cover herbaceous species richness would be
reduced, but it was not. Higher richness of forbs and
grasses in low disturbance sites also contrasts with
many studies that have shown that disturbance is re-
quired to reduce competition in tussock grasslands of
Australia (Stuwe & Parsons 1977; Gibson & Kirkpatrick
1989; Lunt 1991, 1995; Mclntyre & Lavorel 1994a, b;
Prober & Thiele 1995). The reasons for these differ-
ences may lie with scales of sampling. At small spatial
scales (1-100 m2) evidence for competitive exclusion is
often stronger than at larger spatial scales (0.1 ha) (e.g.
Stohlgren et al. 1999). At 0.1-ha scales local spatial
habitat heterogeneity caused by ant and termite nests,
fallen debris, rocks, mammal diggings, and cryptogamic
soil crusts, may be sufficient to reduce competition in all
but the most homogeneous grassy patches. The lack of a
strong competitive exclusion effect on low disturbance
sites at 0.1-ha scales is noteworthy because management
of lowland Australian grasslands has focused on the use
of frequent fire for reducing tussock grass competition to
enhance interstitial forb richness (Tremont & Mclntyre
1994; Lunt & Morgan 2002), perhaps unnecessarily.

Frequent grazing and the absence of a canopy re-
duced native species richness and in combination re-
duced richness in native forbs, shrubs and twiners. These
results are consistent with studies on the effects of
grazing in remnant temperate and subtropical wood-
lands of Australia (McDougall & Kirkpatrick 1994;
Trémont & MclIntyre 1994; Pettit et al. 1995; Prober &
Thiele 1995; Mclntyre & Martin 2002), but they differ
from other studies around the world where total native
species richness was not lowered by intermediate graz-
ing intensity where the evolutionary history of grazing
is long (Milchunas & Lauenroth 1993; Stohlgren et al.
1999; Grace 1999).

In contrast to the herbs, subshrubs and shrubs did
show evidence for competitive exclusion in infrequently
grazed sites with no canopy. Woody understorey spe-
cies have decreased species richness and abundance in
open sites with a grassy sward. This suggests that tree
shade reduces the competitive ability of the herbaceous
layer and allows shrub recruitment as most shrub spe-
cies do not have bird-dispersed diaspores. Thus the
open-canopied nature of eucalypts may provide a mecha-
nism for coexistence of shrubs with the herbaceous
layer.
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Are temperate Australian woodlands (savanna)
different?

The lack of replicated exclosure studies and manipu-
lative experiments limits attempts to generalize about
variation in the effects of exogenous disturbance rela-
tive to resource gradients and/or to evolutionary history
of grazing. Nevertheless, some trends are clear. Firstly,
compared with grassland biomes that have an evolution-
ary history of grazing (Milchunas et al. 1988; Milchunas
& Lauenroth 1993), the effect of grazing on species
composition is greater because the growth form compo-
sition of temperate Australian woodlands appears to be
more diverse. Secondly, the effect of pastoralism on
species composition (shrub composition and exotics) is
modified locally by productivity gradients and regionally
by seasonality of moisture availability. These resource
gradients affect the competitive abilities of the perennial
herbaceous layer as they do elsewhere (Milchunas &
Lauenroth 1993). Thirdly, stock grazing does not appear
to enhance herbaceous species richness through com-
petitive release as occurs in other grassland biomes with
long disturbance histories (Grace 1999).
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