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Summary
1. High-input livestock production systems are not compatible with maintaining native plant diversity and
overstorey tree populations.
2. Sustainable grazing systems depend on maintaining diverse perennial ground-layer vegetation with
associated drought tolerance and soil protection.
3. Overstorey tree populations and a moderate diversity of ground-layer plants can be maintained under
extensive and/or infrequent livestock grazing systems, but only in the absence of soil nutrient enrichment.
4. Profitable alternatives to intensive high-input production systems do exist; however, there are
significant barriers to widespread uptake.
5. In any particular situation there will be considerable uncertainty about whether reducing or excluding
grazing and/or fertilisation will lead to a recovery in the diversity and abundance of native ground-layer
plants.
6. Strategies for conserving and enhancing temperate woodland vegetation should include whole-of-farm
approaches in addition to targeting remnants within farms.
7. Conservation planners need to consider different approaches across the landscape, owing to systematic
variation in farm productivity and ecological processes.
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Introduction
This chapter provides seven key lessons derived from collaborative research on vegetation patterns and
dynamics in the temperate woodland landscapes of central and northern Victoria and the southern slopes
and tablelands of New South Wales (see map below). These regions differ from the northern and coastal
rainshadow grassy forests and woodlands of New South Wales in the lack of a summer-dominant rainfall
pattern and the presence of frequent summer soil moisture deficits. The research has been directed
towards: (1) understanding how management practices associated with agriculture (tree clearing, livestock
grazing, nutrient enrichment and cultivation) affect the composition, distribution and abundance of plant
species (ground-layer plants and overstorey trees) (e.g. Dorrough et al. 2004; Dorrough et al. 2006;
Dorrough and Scroggie 2008); and, (2) identification of options for conserving native vegetation (e.g.
Dorrough et al. 2007; Crosthwaite et al. 2008; Duncan and Dorrough 2009). Understanding how biota
respond to agriculture has required examination of the full gradient of land use intensities, from neverfertilised remnant woodlands through to cleared, sown and fertilised exotic pastures. While the research
has all been conducted within the temperate woodland zone, it has also examined other vegetation types
such as grasslands and dry grassy forests that occur in a mosaic with temperate woodland. All of these
vegetation types share similarities in how they respond to agricultural management practices and so the
lessons provided here draw on the full range of research.
The lessons are derived primarily from ecological experiments and surveys conducted both at fine
scales (<1 m) and broader scales within and among local (paddocks and farms, approximately hundresd
of metres to tens of kilometres) and regional landscapes (hundreds of kilometres). Developing options for
conserving native vegetation in temperate woodlands not only requires knowledge of the relationships
between management practices and biota, however, but also knowledge of the farm production system
itself and the role of native vegetation within that (Crosthwaite and Malcolm 2000). Therefore a number
of the lessons are the result of collaborative investigations that have combined ecological, farm
management and farm business data to explore alternative conservation scenarios at paddock, farm and
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landscape scales (Dorrough et al. 2007; Crosthwaite et al. 2008; Dorrough et al. 2008a; Duncan and
Dorrough 2009). Some of these ideas have been trialed through a conservation market-based incentive
program in Victoria (www.gbcma.vic.gov.au/downloads/Biodiversity/Green_Graze_final_report.pdf).

Lessons
1. High-input livestock production systems are not compatible with maintaining
native plant diversity and overstorey tree populations
Intensification of grazing and fertiliser practices lead to dramatic declines in the diversity of native plants
and changes in the types and abundances of plant species (Kirkpatrick et al. 2005; Dorrough et al. 2006;
Dorrough and Scroggie 2008; McIntyre 2008). These changes have significant implications for key
ecosystem functions such as nutrient cycling, carbon storage and soil protection (McIntyre 2008). While a
small number of native grasses and broad-leaved forbs can tolerate moderate soil fertility and grazing
intensities, most geophytes (orchids and lilies), shrubs, and many native grasses and forbs persist only
when such management practices are absent or of very low frequency and intensity (Dorrough and
Scroggie 2008). Intensive grazing and nutrient enrichment (via stock camping and fertiliser) also reduce
the likelihood of overstorey tree recruitment (Dorrough and Moxham 2005; Fischer et al. 2009b) and lead
to declines in health of mature trees (Close et al. 2008). Therefore, in the medium to long-term, intensive
grazing and nutrient enrichment lead to the loss of both overstorey and understorey native vegetation.
There is a need for more public discussion on whether there should be limits to the location and extent of
intensive production systems at both farm and landscape scales (e.g. McIntyre 2002).

2. Sustainable grazing systems depend on maintaining diverse perennial groundlayer vegetation with associated drought tolerance and soil protection
Diverse perennial vegetation underpins sustainable grazing systems that have good drought tolerance and
soil protection (McIntyre 2008), providing an important link between production and native vegetation
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conservation. The loss of perennial native vegetation and replacement by a small suite of exotic annual
plants, as a result of intensive grazing and soil nutrient enrichment, is a key factor in the deterioration of
ecological condition, compromising the production base and increasing risk to drought. Although annual
pastures can be productive, they provide poor soil protection (McIntyre 2008) and collapse rapidly under
drought conditions (Dorrough et al. 2008b). Data from hundreds of paddocks across the southern
temperate woodland zone demonstrate that in the medium to long-term, and despite the best management
intentions and skills, perennial pastures eventually become dominated by annual plants when soil fertility
is high (>20 ppm Colwell phosphorus) (Dorrough et al. 2006; McIntyre 2008). This same conclusion was
reached during the earliest pasture experiments (e.g. Davies et al. 1934).

3. Overstorey tree populations and a moderate diversity of ground-layer plants
can be maintained under extensive and/or infrequent livestock grazing systems,
but only in the absence of soil nutrient enrichment
A moderate diversity of native ground-layer plants is often associated with infrequent livestock grazing,
but only when soil fertility is low (Dorrough et al. 2006). The likelihood of tree recruitment is also greater
under infrequent (Dorrough and Moxham 2005) or rotational grazing regimes (Fischer et al. 2009b), but
also could depend on pasture productivity (Vesk and Dorrough 2006). A large group of native plant
species, however, are intolerant of even low levels of grazing and nutrient enrichment (Prober et al. 2002;
Dorrough and Scroggie 2008). Woodlands of low fertility and that are lightly grazed, typically have lower
diversity than those within stock reserves, cemeteries and other localities with a long-term absence of
stock grazing pressure (e.g. McIntyre et al. 2002). Despite this, grazed native pastures with scattered
woodland trees are the most extensive native-dominated habitat element in the temperate woodland zone
(Dorrough et al. 2007). Their management may be critical for the persistence of native biota and delivery
of key ecosystem services (Cunningham et al. 2008; Fischer et al. 2009a, 2009b).
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4. Profitable alternatives to intensive high-input production systems do exist,
however there are significant barriers to widespread uptake
Low-input rotational grazing systems appear to provide a profitable pathway for management of grazed
temperate woodlands (Crosthwaite et al. 2008) and are predicted to directly benefit woody plant
recruitment (Fischer et al. 2009b) and indirectly benefit the diversity of native perennial plants due to
lower fertiliser use (Dorrough et al. 2008b). Profitable adoption of low-input systems across whole farms
often entails significant capital investment in livestock grazing infrastructure (e.g. fencing and water) to
enable more efficient use of pastures and thus compensate for production lost through ceasing fertiliser
applications (Crosthwaite et al. 2008). In the absence of large holdings, opportunities to expand or to
obtain alternative incomes, many producers will not feel able or willing to change their management
philosophy. High land prices and agricultural extension and agribusiness will no doubt continue to
encourage intensification as the major pathway to maintaining or improving farm profits. As a result,
there is also a continuing need to identify strategies for managing woodlands that can be targeted towards
high-input producers.

5. Vegetation recovery following relief from fertiliser and grazing is uncertain
There is still much uncertainty about how relief from livestock grazing and fertilisation affect the
diversity, composition and abundance of native vegetation (Lunt et al. 2007; Dorrough and McIntyre
unpublished data). Most of our current assumptions relating to possible benefits of reducing livestock
pressure and nutrient concentrations are derived from studies examining the long-term historical impact
of imposing these management activities (Lunt et al. 2007). Fewer studies have explored how plants
respond as the intensity of agricultural land management declines. Ecological variation (e.g. plant
composition, seed availability, landscape position, soil fertility, climate and weather) and a lack of
empirical data lead to considerable uncertainty about the possible outcomes in any particular situation.
More research is needed to examine these ‘reverse’ trajectories (Lunt et al. 2007). Policies and financial
incentives to improve conservation outcomes in woodlands should take this uncertainty into account 5

maintaining low-input grazing systems in localities with little or no fertiliser use should not be considered
equivalent to reducing stock pressure and ceasing fertiliser in previously fertilised woodlands.

6. Strategies for conserving and enhancing temperate woodland vegetation
should include whole of farm approaches in addition to targeting remnants within
farms
Strategies that target only remnant woodland patches are likely to be insufficient in ensuring persistence
of all native biota across landscapes as well as providing minimal contribution to other resource
management objectives (e.g. soil protection, water quality, nutrient cycling, stock shelter) (Vesk and
MacNally 2006; Fischer et al. 2009a). Site-based incentive funding could have unintended perverse
outcomes and facilitate declines in the condition of the more extensive scattered tree and native pasture
habitats, despite assisting protection and management of remnants within properties. Site-based payments,
that potentially include opportunity costs, can be invested towards intensification elsewhere on the
property, and infrastructure established through incentive payments (e.g. fencing and water points) could
facilitate more intensive management in areas with remaining native vegetation (e.g. scattered trees and
native pastures).
Conservation strategies that treat the farm as the unit of management within the context of a regional
management plan, rather than focusing on individual patches within a farm, may be more effective in
achieving broad-scale habitat reconstruction and conservation. Whole-farm approaches, that: (1) identify
and account for future trends in all native vegetation; (2) jointly develop farm business plans and native
vegetation management strategies; and (3) provide advice on alternative on- or off-farm investments that
avoid further vegetation degradation, could prove advantageous (Crosthwaite and Malcolm 2000).
Whole-farm conservation strategies that take into account the farm business and farm management
practices may also identify options that are more cost-effective than direct incentive payments (e.g. farm
restructuring, extension advice and training) (Crosthwaite and Malcolm 2000). A whole-farm approach
would also provide a framework through which adoption of low-input systems can be facilitated. As
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discussed above, profitable alternatives to intensification do exist and whole-farm approaches can be
useful in identifying them and facilitating their adoption.

7. Conservation planners need to consider different approaches across the
landscape, owing to systematic variation in farm productivity and ecological
processes
In low productivity native pastures, medium to long-term initiatives that target lower stocking rates, rest
from grazing and cessation of fertiliser inputs are likely to be most cost-effective (e.g. Dorrough et al.
2008a). High land prices and a shift away from wool production have already led to significant changes in
livestock type and intensities and hence there is potential to facilitate substantial passive revegetation in
many native pasture areas with little direct public investment. Conservation strategies for highly
threatened woodlands in productive parts of the landscape will, however, require considerably more
financial investment. De-intensification at any reasonable scale imposes great cost in productive
landscapes and active replanting and targeted conservation management of existing remnants are likely to
be the most cost-effective strategies. Broad scale replanting of scattered trees should be considered for
livestock grazing systems (Fischer et al. 2009a) while block planting may be the only feasible option in
areas under crops, or transforming back towards cropping.

Conclusions
Ecological research and conservation management strategies for temperate woodland need to be better
placed within an understanding of the current agricultural management systems, practices, trends and
drivers of change. There is also a need for more research tackling the implications of current trends in
land use, or predicting future plausible scenarios in an effort to inform current conservation planning (e.g.
Duncan and Dorrough, 2009; Thomson et al. 2009). Conservation policies and management strategies
need flexibility to enable them to adapt to often rapid changes in farm management trends and production
systems. Collaborative research with other disciplines is important in this regard. Knowledge gained
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through developing connections with agribusiness, producer groups, agricultural research and
development and extension also will be important in providing the context for research.
Ecologists working in temperate woodlands have done some important research examining historical
patterns of vegetation change and describing the outcomes of past management on current vegetation
patterns (Lunt et al. 2007). We have limited data to guide active management or broad-scale restoration,
however,. There is a glaring lack of research examining the recovery of vegetation following relief from
both intensive grazing (or changes in grazing strategy) and fertiliser application. More research funding
and effort needs to be directed towards these problems as the current lack of knowledge seriously
hampers our ability to make decisions about how and where to invest for conservation. There is funding
directed towards medium-term stewardship payments (e.g. the Australian Government Box Gum Grassy
Woodland Project, www.nrm.gov.au/stewardship) but often the management strategies being
recommended have little empirical data to support them. The onus is on State and Federal Governments
to ensure that such initiatives are adequately monitored and in such a way that they improve our current
ecological knowledge and contribute to smarter and more cost-effective management.
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