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Abstract

 

Lowland temperate grasslands dominated by 

 

Themeda
triandra

 

 (kangaroo grass) are an endangered ecosystem in
southeastern Australia. Grass biomass must be removed
frequently to maintain plant diversity, but few studies of
the impacts of different biomass removal techniques have
been undertaken, and no rapid monitoring schemes have
been developed. Low species densities in many reserves
(due to past stock grazing) make it difficult to assess the
effects of management regimes on plant diversity. Man-
agement impacts could be assessed by planting indicator
species in replicated enhancement plots and subjecting
these plots to adaptive management trials. A protocol for
selecting potential indicator species is described, based on
a regional quadrat database, using clearly defined criteria.
Potential indicator species need to be conspicuous, easy to
identify and abundant in high quality diverse grassland
remnants, to have relatively broad ecological tolerances,

to occur in sites that are relatively species rich and have a
comparatively low cover of dominant exotic species, to
commonly persist at low densities in long-grazed reserves,
to be responsive to changes in management, and to have
been studied ecologically. Only three species from western
Victorian grasslands satisfied these criteria: 

 

Calocephalus
citreus 

 

(lemon beauty-heads),

 

 Chrysocephalum apicula-
tum 

 

(common

 

 

 

everlasting),

 

 

 

and

 

 Leptorhynchos squama-
tus 

 

(scaly buttons). All are widespread, herbaceous, hemi-
cryptophytic daisies. Despite a number of caveats, the
scheme has the potential to provide a more clearly focused
framework for grassland ecosystem management than cur-
rently exists.
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Introduction

 

Degraded ecosystems pose many challenges to conserva-
tion managers and restorationists, from the initial prioriti-
zation of sites and activities, to setting achievable goals,
identifying and implementing appropriate interventions,
managing desired and undesired disturbance regimes, and
monitoring outcomes (Noss 1990; Christensen et al. 1996;
Ehrenfeld 2000). Many conceptual frameworks have been
developed to improve management outcomes, most nota-
bly in the field of active adaptive management (Walters
1986; Parma et al. 1998).

In this article, I develop a conceptual approach for inte-
grated management, monitoring, and restoration of en-
dangered lowland temperate grasslands in southeastern
Australia. The approach is relevant to other depleted and
degraded ecosystems that are managed for biodiversity
conservation, which require interventionist management
to maintain plant diversity. This article contains three sec-

tions: (1) a summary of vegetation management issues in
remnant grasslands in southeast Australia; (2) an outline
of an integrated adaptive management scheme for manag-
ing, monitoring, and restoring degraded sites based on en-
hancement plantings of selected indicator species; and (3)
a method for selecting suitable indicator species. The un-
derlying premise is that conservation and restoration of
remnant grasslands is most likely to be achieved if ecosys-
tem management, monitoring, and enhancement are en-
compassed within a unified program, to ensure synergistic
benefits from all activities.

 

Grassland Conservation and Management

 

Lowland temperate grasslands are one of the most threat-
ened ecosystems in Australia. In many regions, over 99%
of the original ecosystem has been destroyed or grossly
modified for agriculture (McDougall & Kirkpatrick 1994).
Intact remnants often persist in small grazing refugia such
as along roadsides and rail easements and in rural ceme-
teries (McDougall & Kirkpatrick 1994), as in other grass-
land ecosystems in productive agricultural landscapes
(Mack 1989; Wedin 1992).

The original grasslands were dominated by the tall C
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tussock grass, 

 

Themeda triandra

 

 (kangaroo grass) with nu-
merous smaller intertussock herbs. In many places, sus-
tained stock grazing and associated agricultural practices
have replaced 

 

T. triandra

 

 and native herbs by short C

 

3

 

grasses (e.g., native 

 

Austrodanthonia

 

 and 

 

Austrostipa

 

 spe-
cies) and exotic annual species (McIntyre et al. 1995;
Prober & Thiele 1995; species nomenclature follows Ross
2000). Consequently, many large grazed remnants in
southeast Australia have lower native plant diversity at
small scales than smaller grazing refugia (Stuwe & Parsons
1977; McDougall & Kirkpatrick 1994), although some de-
graded sites are important for threatened fauna that can-
not persist in small grazing refugia (Webster et al. 1992;
Baker-Gabb 1998). Species richness in long-grazed sites
may be reasonably high at large scales (102 native species
in 154 ha; Lunt 1990), but most species occur very sparsely
(Morgan & Rollason 1995). Consequently, few species co-
exist at small scales, and most of these are widespread re-
silient species (Lunt & Morgan 1999).

In the last decade, many large degraded sites have be-
come conservation reserves, especially in near-urban ar-
eas. These reserves require active management to main-
tain plant diversity. In the absence of grazing, burning, or
some other form of biomass reduction, 

 

T. triandra

 

 pro-
duces abundant leaf litter (

 

�

 

11 tonnes/ha after 10 years;
McDougall 1989) and rapidly outcompetes smaller inter-
tussock species. Many native intertussock herbs have
short-lived soil seed banks (Lunt 1997; Morgan 1998a) and
are prone to depletion and extinction in isolated reserves.
Unfortunately, there has been little research on the effects
of different methods of biomass reduction, such as burning
and grazing regimes (Henderson 1999; Lunt & Morgan
2002). Compounding this problem, many species occur so
sparsely in degraded remnants that their responses to
management cannot easily be discerned using reserve-
wide monitoring schemes (Morgan & Rollason 1995; Lunt
& Morgan 1999), which makes it difficult to monitor the
effects of management regimes on plant diversity. Not sur-
prisingly, given this absence of information, there have
been many reported declines in plant composition in con-
servation reserves (Scarlett & Parsons 1990; Lunt & Mor-
gan 1999; Morgan & Lunt 1999).

Regional conservation objectives also include grassland
restoration to compensate for ongoing remnant destruc-
tion (DCE 1992; McDougall & Kirkpatrick 1994). Many re-
covery plans for endangered species highlight the need to in-
troduce or replenish populations in secure sites (Humphries
& Webster 1992; Johnson 1992). Unfortunately, many at-
tempts to reintroduce depleted species have failed (Mor-
gan 1999a), even though most grassland forbs are easy to
grow in cultivation (Society for Growing Australian Plants
1993). Because few introduction attempts have incorpo-
rated habitat manipulation trials, the extent to which failures
resulted from unsuitable planting protocols, site characteris-
tics, or inappropriate management regimes is unknown.
Recruitment experiments have shown that many forbs re-
quire large canopy gaps for successful recruitment (Hitch-

mough et al. 1996; Morgan 1998b), and it has been sug-
gested that infrequent biomass reductions in many reserves
may impede forb recruitment and survival (Morgan 1998b,
1999b).

These challenges form a catch-22 situation. Because the
negative effects of accumulating grass biomass are not eas-
ily observed in reserves containing sparse forbs, grass bio-
mass is left to accumulate to high levels, leading to further
declines in forb populations. Similarly, attempts to com-
pensate for these losses by artificially augmenting forb
populations often fail, perhaps because of inappropriate
ecosystem management. One approach to overcome this
dilemma is to integrate ecosystem management, monitor-
ing, and enhancement within a more holistic management
protocol. Here I develop a protocol to use reintroduced
plants as indicator species to monitor the effects of ecosys-
tem management regimes. This protocol has three main
aims: (1) to provide a simple rapid assessment method to
help managers assess when biomass levels need to be re-
duced to maintain forbs, (2) to increase forb densities
using enhancement plantings, and (3) to integrate ecosys-
tem management, monitoring, and enhancement plantings
in an adaptive management framework to obtain synergis-
tic benefits from all three activities and to ensure that all
three activities can be continually refined.

 

Monitoring by Enhancing

 

Under the suggested protocol (Fig. 1), enhancement plant-
ings of selected species are established in replicated plots,
which are managed experimentally. Half of each plot is
managed the same way as the wider reserve, and the other
half in a way that is considered likely to lead to better sur-
vival and recruitment of the planted species. This compar-
ative regime enables the background reserve management
to be compared against other options and allows reserve
management to be refined. The effects of management re-
gimes on these plantings are regularly assessed, and spe-
cies responses are used to guide the development of future
management regimes (Fig. 1).

This approach recognizes that our understanding of
management impacts is rudimentary and that improve-
ment will be incremental. Management regimes are di-
rectly compared as experimental trials to address the com-
mon question, what should we do to get the best outcome?
Assessment outcomes feed directly into future management
options, so that managers can “learn by doing,” a funda-
mental feature of adaptive management systems (Chris-
tensen et al. 1996; Parma et al. 1998). Vegetation manage-
ment, assessment, and enhancement are integrated in the
one process, which may provide better outcomes than con-
tinuing to implement these three activities in isolation.
Furthermore, the method enables community-based resto-
ration exercises to be integrated with ecosystem manage-
ment undertaken by government agencies.

The underlying (and testable) assumption of this protocol
is that the vigor of planted species provides a simple surro-
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gate measure of the condition of the broader ecological com-
munity. Consequently, a critical question is which species are
most suitable for use as indicator species? The term “indica-
tor species” has been variously used and defined (Landres et
al. 1988; Simberloff 1998; Caro & O’Doherty 1999) but is
here taken to mean a species that is monitored to indicate
“the presence and population trends of a group of other spe-
cies in a community of interest” (Simberloff 1998, p. 248). In
this context, the community of interest is lowland temperate

 

T. triandra

 

 grasslands in western Victoria and the target
group of other species is restricted to vascular plants (because
little is known of the habitat requirements of other biota).

In a review of the practical role of indicator species,
Simberloff (1998, p. 248) concluded the following:

 

It is not so obvious how to choose the best species for this
purpose. At the very least, we would need a pilot study
measuring co-occurrence patterns and correlations of pop-
ulation fluctuations, plus ease of monitoring, for all species
in the group. To my knowledge, such a pilot study has
never been attempted.

 

Here, a database screening approach is used to generate a
short-list of potential indicator species. Although this ap-
proach is likely to lead to less certain outcomes than compre-
hensive comparative experimental trials (Noss 1990; Simber-
loff 1998), it has the advantage of providing a tractable
interim approach, because comprehensive comparative tri-
als are unlikely to be undertaken in the foreseeable future.

Figure 1. Outline of an active adaptive management cycle for refining management regimes in depauperate grassland reserves using
enhancement planting plots.
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Regional Quadrat Selection

 

To select potential indicator species, vegetation quadrats
were analyzed from the Victorian Volcanic Plains Biore-
gion (37

 

�

 

50

 

�

 

S, 143

 

�

 

50

 

�

 

E), which occupies 23,000 ha in west-
ern Victoria in southeastern Australia (Conn 1993). Be-
fore European colonization, the region supported open
grassy woodland and tussock grassland dominated by 

 

T.
triandra

 

, with numerous intertussock herbs (McDougall &
Kirkpatrick 1994). All quadrats from the region were ex-
tracted from the vegetation database of the Victorian De-
partment of Natural Resources and Environment. This
database stores Braun-Blanquet cover scores from over
28,000 vegetation quadrats in Victoria. Quadrats sampled
in late spring and early summer (October–December)
were then selected, because many species are dormant at
other times of the year. To select quadrats containing

 

Themeda

 

 grassland vegetation, all quadrats containing 

 

T.
triandra

 

,

 

 Acaena echinata 

 

(sheep’s burr),

 

 Dichelachne crin-
ita 

 

(long-hair plume-grass),

 

 Eryngium ovinum

 

 (blue devil),
or

 

 Leptorhynchos squamatus

 

 (scaly buttons) were ex-
tracted; these five species are the most frequently re-
corded native species in 

 

Themeda

 

 grasslands in the region
(McDougall & Kirkpatrick 1994). Quadrats were then
classified using flexible unweighted paired group arith-
metic averaging (UPGMA) in the PATN package (Belbin
1994). Data were range standardized before analysis, and
the Bray-Curtis dissimilarity coefficient was used with the
default value, 

 

�

 

 

 

�

 

 

 

�

 

0.1. The analysis was truncated at the
20 group level, and all groups consisting of non-

 

Themeda

 

grassland vegetation were removed. This process was re-
peated three times, until 449 quadrats containing 566 taxa of
vascular plants (species plus subspecies), 364 native and 202
exotic, remained. The resultant data set included quadrats
from a wide range of sites, ranging from high quality di-
verse remnants to depauperate degraded paddocks.

 

Indicator Species Selection

 

Potential indicator species were selected from the 364 na-
tive taxa by the following criteria:

(1) Potential indicator species should be conspicuous and
easy to identify.

(2) They should be abundant in high quality diverse grass-
land remnants.

(3) They should have relatively broad ecological toler-
ances to ensure their relevance to a variety of grass-
land remnants.

(4) Evidence should exist to suggest that management
that suits the indicator species will also benefit other
native plants.

(5) Similarly, evidence should exist to suggest that man-
agement that suits the indicator species will not unduly
benefit serious invasive environmental weeds.

(6) The species should still persist, although typically at
low abundances, in grassland reserves with a history of
stock grazing.

 

(7) The species should respond vegetatively to changes in
grassland management.

(8) Some detailed information should be available on spe-
cies ecology.

Each of these steps is described more fully below.

 

Step 1: conspicuous species. 

 

Potential indicator spe-
cies are only likely to be used if they are easily identified
by nonspecialists. Consequently, all graminoids (grasses
and sedges in the Poaceae, Cyperaceae, and Juncaceae)
were excluded. This criterion removed 106 taxa, leaving
258 potential species.

 

Step 2: Species are common in species-rich grasslands.

 

This criterion was used to ensure that selected species
were typical representatives of intact species-rich grass-
land remnants, the “model” ecosystem for grassland resto-
ration. Species that frequently occurred in intact diverse
grasslands were selected by arbitrarily selecting all quad-
rats with more than 25 native species (

 

n

 

 

 

�

 

 148 quadrats).
All native species that occurred in more than 30% of these
quadrats (i.e., 

 

�

 

44 quadrats) were retained. This criterion
provided the strongest filter for potential indicator species,
and only 22 native species satisfied criteria 1 and 2 (Tables
1 and 2).

 

Step 3: broad ecological tolerance. 

 

An important fea-
ture of potential indicator species is their applicability in
many remnants, because species with narrow habitat
niches are unsuitable for widespread assessment. This cri-
terion was assessed by selecting taxa of “broad ecological
tolerance,” using floristic composition as a surrogate of
ecological range. The 148 quadrats were classified using
presence/absence data for native species only (exotic spe-
cies were excluded), using the program, flexible UPGMA
in the PATN package (Belbin 1994). The Bray-Curtis dis-
similarity coefficient was used with default value, 

 

�

 

 

 

�
�

 

0.1. The resultant classification was truncated at the
seven group level, which was the lowest level at which
groups could be sensibly distinguished. Species that oc-
curred in more than three of these groups were retained.
Only one species was removed at this step (Tables 1 and
2): 

 

Plantago gaudichaudii 

 

(narrow plantain).

 

Step 4: Management that suits the indicator species
will also benefit other native plants. 

 

This and the next cri-
terion are difficult to determine in the absence of experi-
mental studies. The issue was addressed using circumstan-
tial evidence, by statistically comparing the mean number
of native species for all quadrats in which each of the re-
maining species occurred, against the mean number of na-
tive species for all quadrats in which each species was ab-
sent. If the mean native richness of sites where each
species was present was significantly greater than the
mean richness of quadrats where it was absent, then it was
assumed that the management regimes that benefited the
species were also beneficial to other native species. The
mean native richness of all quadrats where each species
was present was decreased by one to ensure that the pres-
ence of the species itself did not contribute to a significant
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difference, and the mean number of native species was
compared between quadrats in which each species was
present and absent using the nonparametric Mann-Whit-
ney U test, at 

 

p

 

 

 

�

 

 0.01 (Sokal & Rohlf 1981). Two species
were eliminated at this step: 

 

Convolvulus erubescens

 

 (pink
bindweed) and 

 

Oxalis perennans 

 

(grassland wood-sorrel).

 

Step 5: Management that suits the indicator species is
unlikely to unduly benefit serious invasive environmen-
tal weeds. 

 

This criterion was assessed in a similar way to
criterion 4. To assess whether each species was best repre-
sented in sites with a lower cover of exotic species than

 

sites without the species, the mean percentage cover of
dominant exotic species was compared between quadrats
in which each potential indicator species was present and
absent. The mean percentage cover of dominant exotic
species was calculated by using the mid-points of each
cover interval (Braun Blanquet values) and adding these
for all species that contributed more than 5% cover (i.e.,
records with a cover value of 2 or more). This index was
used instead of using the mean number of exotic species or
cover of all exotic species, because native and exotic rich-
ness were positively correlated, and the aim was to assess
species occurrences against potentially dominant exotic
species only. Mean richness was compared for quadrats in
which each species was present and absent using the non-
parametric Mann-Whitney U test, at 

 

p

 

 

 

�

 

 0.01.
This step was more powerful than criteria 3 and 4 and

eliminated nine species. Only 10 species remained after
this criterion was applied (Tables 1 and 2). Of these, 

 

Aspe-
rula

 

 

 

scoparia

 

 (prickly woodruff) was deleted, because the
species is morphologically similar to, and often confused
with, 

 

Asperula

 

 

 

conferta

 

 (common woodruff), which was
also eliminated in this step, leaving nine potential indica-
tor species remaining (Tables 1 and 2).

 

Step 6: present in conservation reserves. 

 

The occur-
rence of species within existing conservation reserves is
not necessarily a key criterion for a potential indicator
species. However, this step was included because species
are unlikely to be introduced to sites unless records exist
from the reserve in question or its near surrounds. To test

 

Table 1.

 

Number of native plant species remaining after each step of 
the process for selecting potential indicator species.

 

Step Selection Criterion
No. of
Species

 

— Western plains data set 364
1 Nongraminoids (not Cyperaceae, Juncaceae,

or Poaceae) 258
2 Frequent in species-rich quadrats 22
3 Broad ecological tolerance 21
4 Sites where present are richer than those 

where absent 19
5 Sites where present have less dominant weeds

than those where absent 9
6 Present in conservation reserves 7
7 Final species appraisal 3

 

 

 

Table 2.

 

Response of potential indicator species to each selection criterion.

 

Selection Step

Species Common Name 2 3 4 5 6 7

 

Plantago gaudichaudii

 

Narrow plantain

 

� ✗

 

Convolvulus erubescens

 

Pink bindweed

 

� � ✗

 

Oxalis perennans

 

Grassland wood-sorrel

 

� � ✗

 

Acaena echinata

 

Sheep’s burr

 

� � � ✗

 

Arthropodium strictum

 

Chocolate-lily

 

� � � ✗

 

Asperula conferta

 

Common woodruff

 

� � � ✗

 

Asperula scoparia

 

Prickly woodruff

 

� � � ✗

 

Burchardia umbellata

 

Milkmaids

 

� � � ✗

 

Drosera peltata 

 

spp

 

. peltata

 

Pale sundew

 

� � � ✗

 

Haloragis heterophylla

 

Varied raspwort

 

� � � ✗

 

Hypericum gramineum

 

Small St. John’s wort

 

� � � ✗

 

Microtis unifolia

 

Common onion-orchid

 

� � � ✗

 

Rumex dumosus

 

Wiry dock

 

� � � ✗

 

Lomandra nana

 

Dwarf mat-rush

 

� � � � ✗

 

Thelymitra pauciflora

 

Slender sun-orchid

 

� � � � ✗

 

Caesia calliantha

 

Blue grass-lily

 

� � � � � ✗

 

Solenogyne dominii

 

Solenogyne

 

� � � � � ✗

 

Tricoryne elatior

 

Yellow rush-lily

 

� � � � � ✗

 

Eryngium ovinum

 

Blue devil

 

� � � � �

 

?

 

Calocephalus citreus

 

Lemon beauty-heads

 

� � � � � �

 

Chrysocephalum apiculatum

 

Common everlasting

 

� � � � � �

 

Leptorhynchos squamatus

 

Scaly buttons

 

� � � � � �

 

Only species that satisfied criteria 1 and 2 are listed (i.e., conspicuous native plant species that occur frequently in species-rich grassland quadrats). Step numbers follow
Table 1. 

 

�

 

, species satisfied selection criterion; 

 

✗

 

, failed to satisfy selection criterion; 

 

?, 

 

response uncertain. Plant names follow Ross (2000).
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this criterion, all species that satisfied criteria 1 to 5 were
checked against species lists for five conservation reserves
in the Melbourne area, in the east of the Western Basalt
Plains Bioregion: Derrimut (using data from DCE 1990;
Lunt 1990), Sunbury (Morgan & Rollason 1995), Laverton
North (McDougall 1989; DCE 1990), and Craigieburn and
Cooper Street (Frood 1992). Species occurring in at least
three of these five sites were selected as suitable. Two spe-
cies, Lomandra nana (dwarf mat-rush) and Thelymitra
pauciflora (slender sun-orchid), were eliminated at this
step. The latter is unlikely to be useful for enhancement tri-
als owing to difficulties in propagation and establishment.

Steps 7 and 8: Species are responsive to changes in
grassland management, and autecological data exist.
These two steps were combined, and the seven remaining
species were assessed on a case-by-case basis, with refer-
ence to the published grassland literature. Indicator spe-
cies assessment will be more sensitive if variations in plant
vigor, rather than simply survival and mortality, can be
monitored. Solenogyne dominii (Solenogyne) was elimi-
nated, because it is a small forb with a flat basal rosette,
small flowers, and little potential for growth plasticity in
relation to available resources. Indicator species must be
competitively inferior to T. triandra to ensure they do not
persist while other species are eliminated. Two species
were eliminated because they can persist in dense closed
Themeda for many years after other species decline: the
twining geophyte, Tricoryne elatior (yellow rush-lily),
which can avoid shading by sprawling over the top of grass
tussocks, and the geophyte Caesia calliantha (blue grass-
lily), which can grow vigorously in undisturbed grass
swards (personal observation). The hemicryptophyte, Er-
yngium ovinum (blue devil), was also excluded at this
stage, because it occupies a somewhat uncertain position
competitively; although it may decline in vigor beneath
dense Themeda, it may persist for longer than many other
forbs. This left just three species remaining: Calocephalus
citreus (lemon beauty-heads), Chrysocephalum apiculatum
(common everlasting), and Leptorhynchos squamatus
(scaly buttons). Thus, application of the eight selection cri-
teria reduced the original 364 native taxa in the western
plains flora to three potential indicator species using an it-
erative sequence of objective criteria. On the basis of the
available data, these three species would appear to be the
most suitable candidates for use as indicator species.

Caveats
This approach provides a simple and efficient framework
for integrating vegetation management, enhancement, and
monitoring in degraded remnant Themeda grasslands. The
underlying assumption is that the relative vigor and abun-
dance of indicator species in enhancement plots is an accu-
rate surrogate of plant diversity responses. Clearly, at a
detailed level this assumption is unlikely to be met accu-
rately. However, the inverse argument is certainly likely to
hold: that management regimes that do not maintain these

species are, ipso facto, inadequate for maintaining plant
diversity. Because many existing ad hoc management ap-
proaches do not achieve this goal (Lunt & Morgan 1999;
Morgan & Lunt 1999), trial implementation of this ap-
proach is unlikely to give worse outcomes than current
management. More importantly, the adaptive manage-
ment framework that underlies the monitoring approach
allows this assumption to be tested. Recently initiated re-
search trials using all three species (C. citreus, C. apicula-
tum, and L. squamatus) in reserves in western Melbourne
should provide useful information of the relationships be-
tween vegetation structure and composition and the sur-
vival and vigor of indicator species (M. Henderson and C.
Hocking 2001, personal communication).

Of the three primary attributes of ecosystem diversity—
composition, structure, and function (Noss 1990)—the
proposed monitoring scheme most obviously targets eco-
system composition. However, the use of active adaptive
management trials also incorporates structural and func-
tional attributes, because species composition is controlled
by vegetation structure (by T. triandra biomass), which in
turn controls ecosystem functions and processes, including
soil moisture and nutrient cycling, and recruitment oppor-
tunities (Grime 1973; Knapp & Seastedt 1986; Burke &
Grime 1996). An alternative approach might simply be to
monitor and manage vegetation structure (e.g., vegeta-
tion cover or biomass), but this would provide little infor-
mation on the important effects of structural changes on
composition.

A major caveat of this approach is that, at best, indica-
tor species can only be used to predict the responses of
other vascular plants, not other biota such as nonvascular
plants or vertebrate and invertebrate fauna. Little corre-
spondence might be expected between the responses of
vascular plant and other biota (Landres et al. 1988; Sim-
berloff 1998). Management trials could be used to assess
the effects of different management regimes on fauna, but
this would require larger experimental plots than are sug-
gested here. Consequently, in grassland remnants that
contain threatened fauna, separate fauna monitoring is
required.

Finally, the scheme will only work if planted indicator
species can be established readily. Many grassland forbs
are easily grown in cultivation (SGAP 1993), but seedling
establishment in the field appears to be seasonal and un-
predictable (Morgan 2001). Establishment difficulties might
be circumvented by using large plants rather than small
seedlings, because larger plants are less affected by grass
competition (Morgan 1998b). A related assumption is that
site conditions have not degraded so far that a diverse na-
tive flora can no longer be maintained. However, if the
scheme is used at several sites over several years, then
managers will be able to identify the relative importance
to plant establishment of altered site conditions, climatic
variations and management regimes.

Despite these limitations and constraints, the suggested
approach has considerable potential to enhance the cur-
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rently poor and unstructured management of remnant
Themeda grasslands in southern Australia. The clear focus
on comparing management outcomes in adaptive manage-
ment trials, and integration of ecosystem management, en-
hancement plantings, and vegetation monitoring should
lead to better outcomes than current ad hoc management
and restoration activities. Additionally, ongoing assessment
of the relationships between indicator species responses and
other ecosystem attributes will considerably enhance our
ecological understanding of grassland functioning.
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