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Introduction

The wheat–sheep belt of NSW is one of Australia’s 
productive agricultural regions. However, it is also a 
region in which native vegetation has been fragmented, 
degraded or lost. Appropriate management of the 
remaining native vegetation on farms, while still 
maintaining the most productive areas for driving 
profi tability, is vital for the conservation of biodiversity 
in these landscapes.

Much of the land modifi ed by agriculture on the 
Northwest Slopes of NSW was previously ‘white box 
– yellow box – Blakely’s red gum grassy woodland’ 
(hereafter box gum grassy woodland). This ecological 
community is poorly reserved, and exists only as small 
remnants in fragmented landscapes. Box gum grassy 
woodland provides habitat and refuge for many native 
fauna and fl ora species, and the persistence of this 
ecological community (and the diversity of species 
that comprise it) is dependent on conservation and 
enhancement of the scattered remnants left in the 
landscape, as well as restoration and rehabilitation of 
degraded areas that were formerly box gum grassy 
woodland.

What is box gum grassy woodland?

Box gum grassy woodlands occur on moderately 
to highly fertile clay or loam soils on the tablelands 
and western slopes of the Great Divide from central 
Queensland, through NSW to central Victoria. They are 
dominated by eucalypts, typically white box (Eucalyptus 
albens), yellow box (E. melliodora) and Blakely’s red 
gum (E. blakelyi), but also sometimes by grey boxes 
(E. microcarpa and E. moluccana). They typically have 
an open canopy (sparse trees), a sparse shrub layer, 
a continuous cover of grass tussocks and a variety of 
herb species. The ‘white box – yellow box – Blakely’s red 
gum grassy woodland and derived native grassland’ is 
listed as a Critically Endangered Ecological Community 
under the Commonwealth Environment Protection 
and Biodiversity Conservation Act 1999 and as an 
Endangered Ecological Community under the NSW 
Threatened Species Conservation Act 1995.

Denser woodlands with less grass in the understorey and 
a denser shrub layer that occur on more siliceous soils, 
are less extensively cleared and are better represented 
in the region’s reserves.

Derived grasslands

Derived grasslands are grassy woodland communities 
that have had the tree layer removed, but in which 
a relatively intact native understorey remains. These 
communities, like woodlands, exist in a variety of 
conditions. On the Northwest Slopes of NSW, native 
pastures are derived grasslands and are used for 
livestock grazing. This is an extensive land-use that, 
depending on management history, can range from 
intact native ground layers with many native forbs (i.e. 
non-grass herbs) typical of box gum grassy woodland 
to pastures dominated by exotic grasses and forbs 
with little resemblance to the understorey of the original 
community.

ABOVE: Forest Goodenia (Goodenia hederacea)

RIGHT: Grazed regrowth box woodland on the 
Northwest Slopes of NSW.
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Why are farms so important for box gum 
grassy woodland conservation?

Owing to their occurrence on productive agricultural 
land, box gum grassy woodlands are the region’s 
most extensively cleared and modifi ed ecological 
community, and are under-represented in the region’s 
national parks and nature reserves. Most of the gently 
sloping or fl at land on which box gum grassy woodlands 
once occurred is farmland. For this reason, on-farm 
management has the greatest potential for conservation 
of box gum grassy woodlands, through protection of 
remnants and management of derived grasslands for 
understorey species diversity and natural recruitment 
of woodland trees. The Australian government has 
an Environmental Stewardship Program, enabling 
landholders to receive payments for managing areas of 
box gum grassy woodland for biodiversity conservation.

Other threatened ecological communities

Other ecological communities may occur on farms. 
However, the principal focus of this booklet is box gum 
grassy woodlands and the grasslands derived from 
them.

The aim of this booklet is to highlight:

• the structural and compositional features of box gum 
grassy woodlands and derived grasslands in various 
vegetation conditions, using examples from farms on 
the Northwest Slopes of NSW;

• the management options for improving the biodiversity 
value of woodlands or derived grasslands in particular 
states, and

• the main outcomes and recommendations of a 
comprehensive study of plant conservation value of 
woodlands and native pastures in the region.
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Outcomes and recommendations 
of a PhD project on on-farm 
plant conservation

As part of EverGraze®, a series of studies was 
undertaken between 2008 and 2011 to determine the 
plant conservation value of vegetation on farms grazed 
by sheep and cattle on the Northwest Slopes of NSW. 
In particular, the studies aimed to: (1) provide new 
information on the diversity, phenology and ecology of 
native perennial pastures; (2) investigate the biophysical 
and management determinants of grassy vegetation 
composition in the region; (3) provide region-specifi c 
plant conservation recommendations, and (4) evaluate 
the likely economic impact of implementing different 
plant conservation strategies.

Analyses of 1073 surveys in the NSW Offi ce of 
Environment and Heritage (OEH) systematic vegetation 
plot database for the study region highlighted some key 
conservation issues. Native vegetation composition in 
the region is controlled by two major gradients: a climate 
gradient and a slope – soil depth gradient.

Furthermore, the location of the region’s conservation 
reserves is predominantly in hilly terrain at higher 
altitude, with few reserves in gently sloping areas at 
lower elevation. Hence, as farmland occupies the 
majority of low sloping fertile land, on-farm conservation 
management has a vital role in plant conservation in the 
region. To allow for the conservation of plant diversity 
at regional scale, agricultural lands must successfully 
integrate biodiversity conservation, or a suite of reserves 
will be needed in areas of low relief, or preferably both.

A survey of 143 sites across four land-use categories 
— previously cultivated native pastures, never-
cultivated native pastures, grazed woodlands and 
ungrazed woodlands — tested the infl uence of land 
management and biophysical variables on ground layer 
vegetation. Livestock grazing, fertiliser application and 
tree cover were poorly correlated with total species 
densities (i.e. the number of ground layer species in a 
20 × 20-m area), but were correlated with native and 
exotic species densities. Vegetation composition was 
strongly related to agricultural intensity, with covarying 
gradients of decreasing tree cover and time-since-
cultivation on the one hand, and increasing amount and 
duration of fertiliser use and grazing intensity on the 
other. Climate was secondary to agricultural intensity 
in explaining farmland plant composition, contrasting 
with the OEH database analysis, where climate best 
explained compositional patterns. Regional species 
accumulation curves showed that ungrazed woodlands 
accumulated the most species across the region, and 
native pastures accumulated the least, refl ecting a high 
degree of compositional homogeneity in native pastures. 
Gamma diversity contribution analyses indicated that 
that both grazing and clearing may be infl uential in 
the homogenisation of pasture composition. No rare or 
uncommon native species were found in pastures that 
were not also found in grazed and ungrazed woodlands. 

ABOVE: Smooth Darling pea (Swainsona galegifolia)

RIGHT: Blue fl ax-lily (Dianella revoluta)
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Overall, this study showed that pastoral management 
had a consistent infl uence on vegetation composition 
that was not conducive to the conservation of rare or 
infrequent native vascular plant species in the region. 
Woodland vegetation that was not grazed by livestock 
made a large contribution to regional plant diversity, 
despite its very limited extent in the landscape. Native 
pastures regenerating after cultivation re-establish total 
species densities comparable with those of uncultivated 
native pastures 10–25 years after the last cultivation, 
and re-establish comparable native species densities 
15–30 years after the last cultivation.

In another study, vegetation composition in paired 
grazed and ungrazed plots was monitored in native 
pastures over 2.5 years. Exclusion of livestock grazing 
did not infl uence composition over this period.

Intensive surveys on one case study farm and adjacent 
public land with a mosaic of different land-uses revealed 
that grazed and ungrazed woodlands had similar 
species richness to native pastures at the quadrat and 
stand scale, but woodlands were more species-rich at 
the landscape scale. Importantly, those parts of the farm 
that were not grazed by livestock were important for 
understorey plant diversity at the landscape scale.

The main recommendation from these studies is that 
conservation efforts at the ecological community 
level need to focus on communities that are under-
represented in the reserve system due to their 
occurrence on low sloping fertile land — in particular, 
box gum grassy woodlands. Specifi cally:

• landholders should consider any such remnant 
vegetation for conservation management, and

• administrators should prioritise this vegetation for 
stewardship payments (as has already been done by 
the federal government) or land acquisition.

Furthermore, preference for conservation management 
should be given to native vegetation not grazed by 
livestock on fertile land of low slope (i.e. land of high 
agricultural capability) in the region. The conservation of 
box gum grassy woodlands will require the:

• conservation and protection of existing high quality 
remnant vegetation;

• restoration of remnant vegetation that has been 
degraded by livestock grazing, and

• regeneration of woodland in areas of native pasture 
that have remained relatively free of fertilisation and 
cultivation.

A modelling approach was used to determine the 
opportunity costs of setting aside areas of high 
conservation value woodland on farms for conservation 
and excluding livestock grazing. Our economic 
analysis showed that the cost of on-farm conservation 
management was substantial and that incentives and 
stewardship payments of $100–200 ha–1 year–1 will be 
required if conservation management through set-aside 
land is to be widely adopted.
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High quality box gum 
grassy woodland

Features: Typical species:

Conservation value:  
Very high.  

Conservation priority:  
High – high conservation 
value land, but scarce or 
absent on many farms 
on lower slopes. Good 
examples occur on a few 
travelling stock routes and in 
two or three cemeteries.

• Intact tree layer.

• Continuous native tussock 
grasses.

• High diversity of native grasses 
and forbs*.

• Sparse shrub layer.

• Fallen timber.

• Litter.

• Very few exotic species.

Grasses and sedges:
Kangaroo grass (Themeda triandra)

Tussock grass (Poa labillardierei)

Barbed wire grass (Cymbopogon refractus)

Wallaby grass (Austrodanthonia spp.)

Wild sorghum (Sarga leiocladum)

Slender fl at-sedge (Cyperus gracilis)

Forbs*:
Blue fl ax-lily (Dianella revoluta)

Wattle mat-rush (Lomandra fi liformis)

Nodding chocolate-lily (Arthropodium fi mbriatum)

Large and slender tick-trefoils (Desmodium 
brachypodum and D. varians)

Pink tongues (Rostellularia adscendens)

*A forb is a non-grass herb.
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High quality remnants are rare in the landscape, 
particularly on fertile, gently sloping to fl at land. The best 
examples are travelling stock routes (TSRs), such as the 
Klori TSR (north of Somerton) or cemeteries, such as at 
Wallabadah (below). Due to the diffi culties in restoring 
degraded woodlands to a high quality state, existing 
remnants have the highest conservation priority, and are 
an invaluable indication of the composition of grassy 
woodlands prior to the impacts of agriculture.

Management options

In some cases, a continuous perennial grass layer 
will make a patch resistant to weed invasion, and the 
management that has allowed the remnant to persist 
in a high quality state to this point should continue. 
However, it is important to ensure that management 
does not change in a way that will be detrimental to the 
quality of the patch. For example, heavy or continuous 
grazing should be avoided as should fertilisation and 
cultivation of adjacent areas, which may facilitate weed 
invasion of the remnant. Some invasive weeds, such 
as coolatai grass (Hyparrhenia hirta), may invade high 
quality remnants even in the absence of grazing (see 
page 19), and may necessitate active management 
such as spraying with a grass-specifi c herbicide such as 
fl upropronate or chipping.

INSET TOP LEFT: Kangaroo grass (Themeda triandra)

INSET BELOW LEFT: Barbed wire grass (Cymbopogon refractus)

INSET BELOW: Wattle mat-rush (Lomandra fi liformis)
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Grazed box gum grassy 
woodland

Features: Typical species:

Conservation value:  
Moderate to high.  

Conservation priority:  
High – potential for 
conservation gains with rest 
from grazing.

• Intact tree layer.

• Loss of understorey structure.

• Moderate to high diversity of native 
grasses and forbs.

• Grazing-sensitive species absent.

• Shrub layer may have been 
cleared or grazed out.

• Fallen timber.

• Litter.

Grasses and sedges:
Spear grass (Austrostipa scabra)

Slender bamboo grass (Austrostipa verticillata)

Wiregrass (Aristida ramosa)

Tall chloris (Chloris ventricosa)

Slender fl at-sedge (Cyperus gracilis)

Forbs:
Yellow burr-daisy (Calotis lappulacea)

Fuzzweed (Vittadinia spp.)

Corrugated sida (Sida corrugata)

Blue trumpet (Brunoniella australis)
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Patches with an intact overstorey but in which the 
understorey has been modifi ed by grazing can exist 
in a continuum of vegetation states from patches with 
predominantly native understoreys to patches that 
have been drastically modifi ed, with little perennial 
grass structure, few native species and a suite of exotic 
species. To be considered part of the listed ecological 
community under the Commonwealth Environment 
Protection and Biodiversity Conservation Act 1999, 
remnants must have a predominantly native understorey, 
so woodland remnants may not be considered part of 
the listed community if the understorey is particularly 
degraded. This fact is relevant to receiving stewardship 
payments for conserving box gum grassy woodland. 
However, management steps can be taken to improve 
the state (and status) of the understorey.

Management options

Fencing and grazing exclusion is an important fi rst 
step to allow the cover of native perennial grasses to 
increase. However, grazing exclusion alone may be 
insuffi cient to return a patch to a high quality state. 
Unless there is a nearby high quality patch to provide a 
seed source, many of the original understorey species 
will not return, and may require sowing, tubestock 
planting or transplanting missing native species to assist 
restoration.

INSET LEFT: Fuzzweed (Vittadinia spp.)

INSET RIGHT: Creamy candles (Stackhousia monogyna)
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Unfertilised native pasture

Features: Typical species:

Conservation value:  
Moderate, though may 
recover high conservation 
value with prolonged rest 
from grazing, provided 
the area has never been 
fertilised or cultivated.

Conservation priority:  
Moderate to high – potential 
for conservation gains and 
tree regeneration.

• Tree layer removed (scattered 
paddock trees may remain).

• High cover of native perennial 
grasses.

• Diverse suite of mostly common 
native and exotic forbs.

• Generally high ground cover 
(>70%).

• May have high organic matter from 
decomposing grass thatch.

• Few fallen branches.

Grasses and sedges:
Redgrass (Bothriochloa macra)

Queensland bluegrass (Dichanthium sericeum)

Wire-grass (Aristida ramosa)

Windmill grass (Chloris truncata)

Hairy panic (Panicum effusum)

Slender fl at-sedge (Cyperus gracilis)

Knob sedge (Carex inversa)

Forbs:
Australian cranesbill (Geranium solanderi)

Variable glycine (Glycine tabacina)

Medics (Medicago spp.)

Clovers (Trifolium spp.)

Kidney weed (Dichondra repens)

Oxalis (Oxalis spp.)

Swamp dock (Rumex brownii)

Climbing saltbush (Einadia nutans)

Native carrot (Daucus glochidiatus)
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While grazed woodlands generally have a less extensive 
cover of perennial grasses than high quality remnants, 
the absence of trees in native pastures promotes 
vigorous growth of perennial grasses. Low carrying 
capacity of native pastures in the drier winter months 
limits stock numbers during the productive summer 
months, and so native pastures commonly maintain a 
high cover of perennial species despite grazing. Areas 
of unfertilised native pasture (i.e. derived grassland) that 
are predominantly native, with a high diversity of native 
forbs, may qualify as the listed endangered ecological 
community, and may be eligible for stewardship 
payments for conservation management.

Management options

Fencing of a patch designated for conservation 
management is important, to control grazing and allow 
for the natural regeneration of overstorey species or 
the protection of tree plantings. While it may not be 
feasible to take a whole paddock out of production 
for the purposes of conservation management, it may 
be feasible to fence a predominantly native area of a 
paddock, and exclude, reduce or manipulate livestock 
grazing as a conservation management project.

Again, fencing alone may not be suffi cient to achieve 
desired biodiversity outcomes. Burning may be an 
appropriate management action to open up dense 
perennial grass tussocks to allow the establishment of 
tree, shrub and forb species. Early spring burning may 
also help to achieve the control of annual weed species. 
Strategic grazing is another option for weed control and 
to introduce desirable native species.

Site selection is important to the likelihood of success of 
any restoration project. It is preferable to choose an area 
surrounded by native pasture or woodland, rather than 
crops or intensive forage, in order to buffer the patch 
against weed invasion. The landscape context of the 
chosen area will also be important to the movement of 
wildlife to and from it.

INSET TOP: Wire-grass (Aristida ramosa)

INSET BOTTOM: Hare’s foot clover (Trifolium arvense)
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Fertilised native pasture

Features: Typical species:

Conservation value:  
Low to moderate.  

Conservation priority:  
Low.

• Tree layer absent.

• Cover of native and exotic 
perennial grasses.

• More low prostrate grass species 
than unfertilised pastures, fewer 
large tussock grasses.

• Greater biomass of medics and 
clovers.

• Low to moderate diversity of native 
and exotic forbs.

Grasses and sedges:
Redgrass (Bothriochloa macra)

Queensland bluegrass (Dichanthium sericeum)

Paspalum (Paspalum dilatatum)

Tussock grass (Poa labillardierei)

Windmill grass (Chloris truncata)

Couch grass (Cynodon dactylon)

Knob sedge (Carex inversa)

Forbs:
Variable glycine (Glycine tabacina)

Medics (Medicago spp.)

Clovers (Trifolium spp.)

Oxalis (Oxalis spp.)

Swamp dock (Rumex brownii)
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A history of fertiliser application will change the 
composition of native pastures, as the higher nutrient 
levels favour exotic grasses, legumes (such as medics 
and clovers) and annual species. The higher stocking 
rate applied to fertilised pastures also hastens the 
demise of grazing-sensitive native species. Fertiliser 
is often applied with the seed of introduced pasture 
grasses and legumes. The plant composition of 
these pastures will not change rapidly even if fertiliser 
applications are discontinued, as the nitrogen-fi xing 
medics and clovers can create a positive feedback in 
soil nitrogen levels, allowing the persistence of nitrogen-
loving native and exotic pasture species and weeds.

Such paddocks are not as suitable for conservation 
management as the previously described states. 
However, there are steps that can be taken to improve 
the biodiversity value of such pastures. The reasons that 
such paddocks might be designated for conservation 
management include: (1) there are no higher 
conservation value pastures on the farm for conservation 
management, (2) position in the landscape is ideal, or 
(3) remnant overstorey trees are scattered through the 
paddock or along a paddock boundary that make the 
area suitable for woodland restoration.

Management options

Fire can be used to lower the levels of soil nitrogen and 
phosphorus, and lower nutrient levels favouring native 
over exotic species. Hence, if the area is predominantly 
native — enough to be considered for conservation 
management — but has a weed problem, then burning 
can be a useful fi rst management step. Again, fencing 
is important for controlling stock access, and ‘crash-
grazing’ or spring burning may be particularly useful to 
control annual weeds.

INSET TOP: Redgrass (Bothlriocloa macra)

INSET BOTTOM: Hop clover (Trifolium campestre)
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Cropped and cultivated land

Features:
A crop (in this case, wheat) has very little plant conservation 
value. Some native plant species may persist or volunteer in 
the crop, but these will almost certainly be common species 
(e.g. Climbing saltbush Einadia nutans) that will inevitably 
be ploughed out at the next cultivation. Fence lines 
bordering cropping paddocks can often exhibit a range 
of herbaceous species, though these are generally exotic 
weeds or common weedy native species.

Conservation value:  
Low.  

Conservation priority:  
Low.

• Tree layer removed (some 
paddock trees may remain).

• Soil tilled for crop.

• No native ground layer plant 
species other than common 
weedy species perhaps that have 
colonised since the crop was sown.

• Volunteer annual grasses 
(e.g. Bromus spp.) and exotic 
weeds of cultivation.

RIGHT: Typical agricultural landscape on the Northwest 
Slopes of NSW, showing retention of kurrajong trees in some 
cropping and cleared pasture paddocks. A grazed white box 
woodland remnant can be seen in the foreground.
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If paddock trees are retained in cultivated paddocks, 
a cultivated fi eld can still play a role in conserving 
biodiversity in the landscape by facilitating connectivity 
between remnants. Of course, paddock trees retained at 
the time of clearing will not live forever, and so protection 
of juvenile trees in paddocks will be necessary if 
paddock trees are to remain a landscape feature of the 
wheat–sheep belt in future.

On the Northwest Slopes of NSW, kurrajong trees 
(Brachychiton populneus) are a common paddock tree 
indicative of white box woodland country. Kurrajongs 
are a subdominant component of the tree layer in white 
box woodlands, and were retained at the time of clearing 
because of the feed value of their foliage.

Kurrajong tree (Brachychiton populneus)
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Degraded remnant woodland 
Variant 1: recovering from grazing

Features:

Conservation value:  
Moderate to high.  

Conservation priority:  
High

• Intact tree layer.

• Understorey structure may be 
recovering (i.e. increase in tussock 
grasses).

• High diversity of native grasses 
and forbs.

• Some grazing-sensitive species 
may be recolonising.

• Fallen timber.

• Litter.

This state includes woodlands that have been previously 
heavily grazed and degraded, but have been recovering 
since the removal or reduction of grazing. The change may 
be due to a conscious decision to manage for conservation, 
‘coincidental’ changes in grazing management (e.g. the 
movement of a watering point or fence line), or due to an 
overall reduction in stock numbers on the farm. Such a 
woodland may show signs of regaining the tussock structure 
characteristic of a high quality remnant. Some grazing-
sensitive grasses and forbs may recolonise the site.

Management options

If the patch is recovering without management, then 
maintaining the status quo is the best option. Weed control 
can be implemented as per the other woodland states. Such 
sites are good candidates for low impact methods of re-
establishing missing native ground-layer plant species, such 
as no-till sowing or broadcasting of native seed, to assist in 
the regeneration of the herbaceous understorey.
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Degraded remnant woodland
Variant 2: Coolatai grass dominated 
woodland

Features:

Conservation value:  
Low for ground layer plants, 
may be moderate to high  
for overstorey plants and 
animals.

Conservation priority:  
Nil for ground layer 
vegetation unless coolatai 
grass can be reduced.

• Understorey or part of understorey 
dominated by coolatai grass 
(Hyparrhenia hirta)

• Very few native understorey 
species exist in coolatai grass 
dominated areas

• Coolatai grass can occur in 
patches with or without overstorey

• Coolatai grass can occur with or 
without grazing

Coolatai grass is a major threat to native plant diversity in 
grassy woodlands in northern NSW. It can invade woodlands 
in good condition and dominates the ground layer of many 
remnants. It spreads rapidly, colonising both disturbed and 
undisturbed remnants even in the absence of grazing, and 
forms dense swards that smother most native plants. Coolatai 
grass is avoided by livestock, requires very little rain to 
prosper, and grows longer into the cooler months than other 
summer perennial grasses. Coolatai grass degrades the 
biodiversity value of invaded areas by out-competing most 
other species, and may have a major effect on plant diversity 
at the landscape scale by outcompeting the populations of 
some plant species.

Management options

The presence of coolatai grass is unlikely to be reduced by 
the use of grazing. Control using a grass-specifi c herbicide 
such as fl uproponate is possible although expensive for large 
infestations. Chipping of coolatai grass tussocks from a patch 
in the early stages of invasion is advisable. A successful 
method of avoiding the detrimental effects of coolatai grass 
on the biodiversity value of woodlands is currently not known, 
making it a particularly worrying threat.
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