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ABSTRACT

Land policy and legislation have been the major factors driving fragmentation of Australian
rangelands. At the regional scale, fragmentation of rangelands has facilitated the development of
private land rights, promoted the development and intensification of the pastoral industry, and
encouraged settlement and growth of rural communities. But these changes have also had negative
consequences in disrupting ecosystem functions associated with spatial connectedness, compromising
enterprise economics and putting pressure on rangeland resources. Declining terms of trade and
current pastoral property sizes, are both constraining the viability of present -day cattle production
enterprises, leading to pressures to consolidate enterprises and intensify production systems. We
explore some of the benefits that are expected from increased infrastructure development together with
the trade -offs from the unintended consequences of internal property fragmentation.

INTRODUCTION

Arid and semi -arid landscapes, such as Australia's rangelands and savannas, are characterized by low
levels of resources for plants and animals, and these resources are usually patchily distributed in time
and space. This presents challenges for those seeking a livelihood in these systems. Traditionally,
humans and herbivores have been able to exploit spatial heterogeneity to offset temporal variability in
resource availability, with animals migrating to make use of favourable patches in the environment
and human cultures adopting similar nomadic behaviour. The adoption of western-style, sedentary,
intensified land uses has disrupted these large -scale spatial processes and landscapes have become
fragmented into discrete parcels of land with diminished interactions between them. This has
increased the exposure of land users to risks of temporal variation by denying them the opportunity to
take advantage of more favourable parts of the landscape when local conditions are adverse (Boone
and Hobbs 2003). Climatic variation in Australia's rangelands is particularly high and presents a
major challenge to land managers. In addition to biophysical variation, the socio- economic climate is
also in a continual state of flux with changing agricultural markets, changes in societies' values and
expectations for rangelands and changes in agricultural practices (Holmes 1996, Ash and Stafford
Smith 2003). In fragmented landscapes, land managers have to deal with these continually shifting
challenges within the confines of their individual land units.

PROCESSES OF RANGELAND FRAGMENTATION

Land fragmentation, which has accompanied the pastoral development of rangelands, is defined here
as the process by which spatial connectivity within a landscape is eroded and discrete land units
become increasingly disassociated from each other. The fragmentation of rangelands, following
settlement and subsequent development, can be thought of in terms of five elements (Fig. 1):

Resource Excision - Early land development is restricted to favourable regions in the landscape within
which key resources are concentrated (such as permanent water sources, riparian areas and pastures
with good forage). These are appropriated first, with land that is suitable for intensive uses being
removed for other uses, while key grazing resources are commandeered to effectively provide
exclusive access to surrounding, poorer- resource areas. Initial land use is therefore concentrated
around naturally- occurring key resources in the overall landscape, much of which remains unutilized
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or lightly utilized. At this stage, utilized patches of land are fragmented within the landscape, with the
patchiness of land use reflecting the heterogeneity in resource distribution and access to transport
networks and markets.

Land Use Homogenisation - With development of regional and property infrastructure (especially
artificial water points), resource access and land use across the region becomes more uniform,
providing greater opportunities for regional fragmentation of pastoral properties (see Abbott and
McAllister 2004, these proceedings).

Regional Scale Fragmentation - As development across the region provides a more uniform spread of
resources, it becomes possible for larger properties to be subdivided, with the increase in infrastructure
development offsetting the smaller sizes of the new properties.

Property Scale Fragmentation - Economic pressures to intensify production lead to the increased
development of water points and fencing, with internal fragmentation of properties into smaller
paddocks.

Consolidation - Properties are combined together into larger enterprises when individual properties are
no longer large enough to support a viable business (because of excessive subdivision and /or declining
terms of trade) (Ash et al. 2003).

These elements of land fragmentation could be considered to follow a rough sequence, with each in
turn becoming progressively dominant over time (Fig. 2).

The development of Australia's rangelands, with accompanying land fragmentation, has lead to steady
gains in pastoral production. But associated with this, land managers have also been exposed to
greater risk from climatic variation, environmental degradation, and changing social and economic
conditions. Here, we look at fragmentation in rangelands, using the Dalrymple Shire as an example, to
assess the drivers of land fragmentation, the benefits and risks that arise, and the responses of land
managers to these challenges and opportunities.

LAND FRAGMENTATION IN THE DALRYMPLE SHIRE

Shire Description

The Dalrymple Shire is situated in northeast Queensland and covers 66,709 sq km of the Burdekin
River catchment. Weather patterns are affected by El Niño - Southern Oscillation cycles, which
contribute to a high interannual variation in rainfall (CV% 30 -48). Soils vary from infertile sandy
duplexes to relatively nutrient -rich, self -mulching clays reflecting the heterogeneity in underlying
geology, drainage patterns and other topographic features. This heterogeneity supports a variety of
vegetation communities that differ in species composition, seasonality and forage production.

The Shire is predominantly state leasehold land (87 %), with most freehold land restricted to urban
centres and surrounding small rural residential and non -commercial grazing lots. The vast majority of
the Shire is used for extensive beef production and cattle disposals in 1992/3 were valued at $51
million (Rogers 1998). Most pastoral enterprises are independent, family -run businesses that combine
cattle breeding and fattening operations (Bortolussi et al. 2004a). The largest economic sector is
mining (gold, base metals and dolomite), valued at $232 million.

Since European settlement, patterns of land use and tenure in northern Queensland have been strongly
influenced by government policies and by events at local to global scales. Below, we briefly review
how some of the factors associated with pastoral development have affected landscape fragmentation,
the scale of land use and land requirements for viable enterprises.
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Land Policy, Legislation & Tenure

The dominance in the Shire of leasehold land, with property rights dictated by lease conditions
(QNRM 2001), has meant that land legislation, especially that pertaining to lease terms and
conditions, has been a major policy instrument for influencing land use. Australian land legislation
has historically been aimed at orderly allocation of land, encouraging settlement and land
`improvement', generating revenue, preventing monopolies, promoting social equity, and developing
the rights of landholders in relation to the state (Hannam 2000).

Nomadism:
Opportunistic movement
around entire region ranging
out from key resources

Resource Excision:
`Ownership' of a key resource
providing partial access
to surrounding area

Land Use Homogenisation:
Resource development allows
more extensive and more
uniform land use

Regional Fragmentation:
More uniform resource access
allows splitting of larger
properties

IV

Property Fragmentation:
Increased property development
allows internal subdivision and
more intensive land use

Consolidation:
Spatial connectivity restored
by property consolidation
and agistment arrangements

V

* Key natural resource

Developed resource

Figure 1. Processes of fragmentation and modes of land use in a heterogenous landscape during
pastoral development.
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European settlement of the Dalrymple Shire coincided with two events that stimulated early pastoral
development; the discoveries of gold in the 1860s and 1870s and the separation of Queensland from
New South Wales in 1859 (Holmes 1963). The Queensland Land Act 1860 promoted settlement by
providing leases of 14 years with minimal lease fees. While the runs were relatively small, 6,600 to
26,700 ha, there was no limit on the number that could be held, as long as they were stocked to a
quarter of their carrying capacity within nine months. The Crown Lands Act 1884 was enacted to
promote a policy of closer settlement and it provided for parts of leases to be resumed. As a result,
many small runs around Charters Towers and Ravenswood were acquired by ex- miners for dairying.
A new Land Act was introduced in 1894 and, with subsequent revisions, it continued to support a
policy of `closer settlement', favouring the creation of smaller land lots for allocation to family -
operators. One goal of the policy was to encourage the growth of rural communities.

During the 1950s, the Queensland `populate or perish' strategy developed from a review of land
settlement policy (Land Settlement Advisory Commission 1959). This review recognized the
influence of property size on financial security, but sought to balance this against the requirement for
increased rural population density for regional community viability (Day 2001). The expectation at
the time was that agricultural enterprises would require assistance during establishment, but that they
would later become self -sufficient as development and `improvement' of the land increased its
production potential. As an incentive for land development, lease terms were extended, security of
tenure was emphasized, and costs of land development were recognized. This applied especially to
the Brigalow Belt, which extends into the southeast of Dalrymple Shire, where land `improvement'
involved expensive tree clearing and sowing of pasture. The last notable fragmentation of properties
in the Shire occurred during the post World War II period, when resumptions of land from large leases
created several new smaller leases that were allocated by ballot. These properties generally remained
large enough (40,000 - 50,000 ha) to support viable enterprises at the time.

REGIONAL FRAGMENTATION - IMPACTS & ADAPTATION

Property Size Constraints

The beef and sheep industries have been characterized by boom and bust cycles affected by changes in
local and international markets and climatic variation. Favourable periods for the pastoral industry
have often been characterised by overoptimistic expectations of the land's production potential
(Allingham 1976), pressures for more intensive development, closer settlement and property
subdivision. Downturns in the markets and weather have exposed the vulnerability of small
enterprises. It has been proposed that fragmentation in rangelands continues until financial, ecological
and social dysfunction become severe enough to initiate structural adjustment towards consolidated
enterprises (bottom of the curve in Fig. 2), and that rangelands are most vulnerable to degradation at
the time of these changes when stresses associated with rangeland fragmentation and small enterprise
size are greatest (Passmore and Brown 1992, Ash et al. 2003). These pressures and consequent
resource degradation have been well documented for the region (De Corte et al. 1994, Mortiss 1995).
The Dalrymple Shire has not been suitable for sheep and has therefore avoided the excessive level of
fragmentation, largely associated with the wooY booms, that has been seen in some of the pastoral
areas further south. Nevertheless, current property sizes in the Shire are still some of the smallest
among the extensive beef producing areas in northern Australia (Bortolussi et al. 2004a).

Cost -Price Squeeze

In addition to declining property sizes, economic factors have contributed substantially to the reduced
viability of pastoral enterprises. Estimates of the number of cattle required to maintain an
economically viable, extensive pastoral enterprise have been steadily increasing over the past decades.
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It is currently estimated that cattle properties in the Shire need to be able to carry 1,500 to 3,000 adult
equivalents (Caltabiano et al. 1999, Roth et al. 1999). This reflects the declining terms of trade for the
beef industry: while output prices for pastoral production have remained unchanged, input costs have
risen by 1.9 % /yr relative to the consumer price index (Centre for International Economics 1997).
Hinton (1993) reported average rates of return for beef properties in the Dalrymple Shire of -1 to 3 %,
although beef prices were relatively low at the time of Hinton's report. In adapting to this cost -price
squeeze, enterprises have little control over product prices and many have already streamlined input
costs and production practices (Landsberg et al. 1998). There are thus strong pressures for enterprises
to consolidate properties and /or intensify production systems (Fig. 2) (Ash et al. 2003).

1

Drivers of Fragmentation
Land Policy

Regional viability
Equity
Development

III

IV

- .... ... ..... ... .... ...... ....

Drivers of Aggregation
Enterprise viability
Enterprise expansion
Family size
Sub -economic returns

Threshold
(Dynamic)

Cost -price squeeze
Land Degradation

VI Family Size

Subsidies
V Intensification

Diversification
Production Practices

Progression in Pastoral Development

Figure 2. Effect of pastoral development on landscape fragmentation and the scale of land use (solid
line). In recent times, there has been a general upward trend in the threshold for the minimum property
size required to sustain a viable pastoral enterprise (dashed line). Roman numerals indicate when
processes listed in Fig. 1 are dominant.

Business Consolidation

One of the main drivers for aggregating properties into larger enterprises is to generate efficiencies
from the increased scale of production. There is evidence of increasing consolidation of pastoral
properties across northern Australia, even amongst owner- operated (non -corporate) enterprises
(Bortolussi et al. 2004a). Discussions with land managers in the Dalrymple Shire show that there is a
wide range of reasons for combining pastoral properties into a single enterprise. Family size is an
important driver for consolidation, and pastoralists with more than one child often want to expand
their enterprises to provide opportunities for their children. In these cases, succession planning
becomes an important consideration in structuring the business. Business partnerships between
property owners (whether related or not) have at times been a useful means of pooling human and
financial resources for mutual benefit. Careful selection of complimentary properties allows
specialisation of production activities according to land type. There may be similar benefits if there
are differences in weather patterns between properties, since stock can be moved between properties to
match differences in forage availability, such as in the case of localized droughts. Ownership of
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several properties also offers the chance for opportunistic real estate transactions and personal
business /lifestyle differences can affect preferences for multi -property or single property management
structures.

Hinton (1993) found the 271 commercial grazing properties in the Dalrymple Shire to be amalgamated
into 196 pastoral business entities. Properties ranged in size from 10,000 to 50,000 ha and carried
2,000 to 5,000 head of cattle (Rogers 1998). A recent survey showed that more than half of
landholders in the Shire currently own more than one property, with an average of 2.2 properties each
(Greiner et al. 2003). The average property size of those running a single property is 13,471 ha
whereas the average individual property size in jointly -run properties is 40,259 ha, i.e., it appears that
the larger properties are the ones being consolidated together. This is consistent with indications from
owners of multiple properties that their preference for maintaining flexibility in their business
structure is to deal only in properties that are tradeable as standalone entities. This would suggest that
property units that have been over -subdivided are effectively removed from efficient, sustainable
pastoral production.

PROPERTY FRAGMENTATION & INTENSIFIED PRODUCTION

Benefits of Property Infrastructure Development

The other response to pressures facing the pastoral industry has been a move towards more intensified
production systems involving increases in property infrastructure, particularly water points and
fencing (Bortolussi et al. 2004a). There are numerous benefits that are expected to flow from these
developments, but the main aim has usually been to achieve more uniform utilization of pastures
across the landscape. The availability of permanent water has been a major limitation on the spatial
extent of land use by livestock, especially for European breeds of cattle that did not venture far from
water points and riparian areas. On most properties today, the limited coverage of water sources
contributes to uneven spatial utilization of paddocks (Pickup and Chewings 1988) and restricts the
options for installation of new fences. Development of new water points remains a top priority for
many land managers as a means to provide more uniform livestock access across properties.

Aside from distance to water, selective grazing by livestock in patches or preferred vegetation
communities has also contributed to uneven grazing. Selective overgrazing can initiate a sequence
where livestock progressively degrade one preferred vegetation type after another. In the past, most
fencing was done for animal management reasons: to separate stock by type, to match stock types to
the quality of pasture, to assist with mustering animals, to keep stock owned by different people apart,
to manage cattle diseases and to control animal pests. But grazing, vegetation and land management
objectives are starting to become more important considerations for fencing. With the development of
new water infrastructure, opportunities are arising for fences to be used in more strategic ways. Much
of this fencing has concentrated on controlling access to heavily- utilized riparian areas as a means of
limiting land and pasture deterioration and controlling weeds. Fencing according to land type allows
the intensity of use of preferred pastures to be controlled to prevent overgrazing, with stock being
shifted to make better use of underutilized land types. For some sensitive vegetation types, controlling
the timing of grazing can limit the impacts of grazing, while in other cases, periods of intensive
grazing can be used to positive effect to control undesirable plants and promote desirable species.
Internal subdivision of properties also allows for strategic spelling of pastures, and other stock
movement systems for controlling the intensity, duration and timing of grazing. Where paddocks are
small enough, this can be incorporated with strategic use of fire in management, by allowing fuel loads
to build up and controlling when livestock are reintroduced after pastures start to grow again.
Management systems based on these principles have been used to address the problem of patch
grazing (Andrew 1986), and are also being tested for controlling undesirable plants.
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We have described how the subdivision of properties into smaller paddocks and associated increased
control over animal movement create a range of options for positive intervention in the management
of rangelands. But with these opportunities come the requirement for increased management action in
planning infrastructure development and stock movements. This has given rise to the development of
a range of grazing and management systems within which to plan and exercise these options. While
views on the merits of various intensive management systems are often passionately held, they have
proved difficult to validate (Holechek et al. 2000). There are a number of factors associated with
intensified production systems that could all be beneficial to overall enterprise management: water
point development provides the possibility of more uniform livestock access across a property, even
without additional fencing; fencing provides opportunities for greater control of the location, intensity,
duration and timing of grazing, and smaller paddock sizes may improve utilization even without
elaborate rotational grazing systems (Hart et al. 1993); formalized management and grazing systems
provide decision -making principles for stock movements and other aspects of enterprise planning and
evaluation (Earl and Jones 1996); and closer interaction of managers with enterprise resources
(livestock, land, financial and human) can improve their familiarity with the overall state of their
enterprise making it easier to detect warning signs of problems and intervene earlier. It is difficult to
determine the relative contributions of these different elements to overall enterprise performance, but
doing so would be extremely valuable for planning, implementing and improving efficient and
sustainable intensified production systems.

Risks Associated with Rangeland Fragmentation
If a 100 ha paddock can sustainably support 10 head of cattle, how many head of cattle can a 10,000
ha paddock support? This question is deceptively simple, but exposes the complex nature of the effect
of the scale of land use on spatial interactions of herbivores with their environments (Roshier and
Nicol 1998). We have already looked at the ways in which smaller paddock sizes may benefit
livestock production and other aspects of enterprise management, but now we address some of the
possible trade -offs and unintended negative consequences of intensification that should also be taken
into account.

Where herbivores are free to exploit landscapes at large scales, heterogeneity has the potential to act as
a spatial buffer to offset seasonal dry periods and droughts (Boone and Hobbs 2003). This spatial
buffering would be expected to be strongest where the mix of vegetation patches within a paddock
responds differently to weather events (such as seasonal cycles, droughts, frosts or wet periods) and in

Jan -03 Apr -03 Jul -03 Oct -03 Jan -04

DRY WET DRY WET

Figure 3. Seasonal variation in cattle diet quality (as measured by faecal near infrared spectroscopy)
for 30 large (> 2200 ha) and 30 small (< 2200 ha) paddocks in the Dalrymple Shire.
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a manner that alters the relative values of the different patches as forage sources for herbivores. These
spatial interactions would be lost with fragmentation. Restrictions on animal movement could
potentially have negative consequences for animal nutrition by reducing the accessible diversity of
vegetation for selection and diet maintenance when forage quality is poor. Preliminary, illustrative
results from a study in the Dalrymple Shire are consistent with this predication (Fig. 3). If this is the
case, animal performance would suffer in smaller paddocks, or costs would be incurred in the
requirement for extra feed supplements. It has similarly been suggested that heterogeneity in large
paddocks acts as a buffer against the effects of increased stocking rate, with a reduced density -
dependent decline in individual animal performance in large, complex paddocks than small or
homogenous ones (Ash and Stafford Smith 1996, Roshier and Nicol 1998).

There are also biodiversity implications for intensified land use. Current patterns of land use provide a
diversity of utilization rates ranging from very heavily grazed patches that promote disturbance- and
grazing- adapted species near water points, to very lightly used areas with poor water access that
provide refugia for grazing sensitive species (James et al. 1999). With intensified land use, these
refugia could be lost and other arrangements would have to be made for the conservation of these
species. The increased availability of water sources could also contribute to increases in populations
of native and introduced animals, increasing utilization pressure on pastures and creating other
management problems.

Intensified grazing systems pose a set of risks too. The level of improvement in long -term, sustainable
beef production is uncertain and the level of infrastructure development at which development costs
exceed the returns on investment is not clear (Holecheck et al. 2000). This poses financial risks, and
the short-term financial impact of the costs of development and increased herd size need to be
carefully managed, even if future gains are assured. Increased property development provides the
means to greatly increase stocking rates in the short-term, even though these stocking levels are not
sustainable in the long -term, increasing the potential for environmental damage if proper management
restraint is not exercised. Even when a property as a whole is not overstocked, the distribution of
animals needs to be constantly managed according to the changing conditions in each paddock;
otherwise individual paddocks can be overgrazed. The spatial interactions of freely- moving
herbivores with heterogenous landscapes result in complex movement patterns as vegetation is
produced and consumed across the landscape (Bailey et al. 1996). In fragmented landscapes, these
`automatic' movements are lost, but there are increased opportunities for them to be controlled
`manually'. This increases both the opportunities for positive management intervention and the
damaging consequences of incorrect decisions, requiring a greater level of skill and understanding
from land managers: development of human capacity would have to match efforts to improve the
productive capacity of the land. There have been warnings of unforseen negative outcomes of some
high -risk management strategies aimed at intensifying production (Holecheck et al. 2000). Many of
the elements of intensified production systems are, in effect, equivalent to `disabling the
environmental safety switches' so that environmental processes can be switched from `automatic' to
`manual' to gain some extra performance. Do we know enough to decide which switches we can flip
and how to work with them off? A holistic regional approach to intensification also needs to consider
the human dimension of the risks associated with our capacity to manage the environment `with the
safety switches off'.

CONCLUSIONS

Policies governing the development of Australia's rangelands have had to strike a balance between
achieving sustainable communities and economies at the regional level, and achieving sustainability at
the enterprise level. These goals have often been viewed to be in conflict, with the legacy of `closer
settlement' contributing to the challenges faced in achieving sustainability at the enterprise level
today. An added complexity is that there are continual fluctuations and changes in the biophysical and
socio- economic climate so, to stay viable, even enterprise structures that are currently successful
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cannot remain rigid. Small and /or heavily utilized properties have less flexibility to adjust to these
changes and are therefore exposed to greater risk compared to larger enterprises with moderate
utilization rates. Many pastoralists may be more concerned about managing risk and maintaining
flexibility than optimizing production for the prevailing conditions (Bortolussi 2004a).

With the current trend towards intensification of production, it is important to acknowledge some of
the accompanying uncertainties and trade -offs, such as the disruption of spatial buffering provided by
landscape heterogeneity. There are a number of important questions that need to be answered. Which
elements of landscape heterogeneity, connectedness and fragmentation are beneficial for pastoral
systems? Landscape patchiness could have both positive and negative implications for land
management (Ash et al. 2003). It may be that heterogeneity provides a benefit only when there is
complementarity in seasonal livestock preferences and forage values of different vegetation types.
Whereas, in situations where there is a consistent animal preference for a particular vegetation type
through all seasons, it could be better to subdivide the different vegetation types into simplified
management units for separate, specialised management. What is the optimum level of fragmentation
and internal development within properties? What are the relative positive and negative contributions
of the different elements of intensification (water points, fencing, management systems and resource
familiarity) to overall enterprise performance and sustainability? And what role can social networks,
such as agistment arrangements, play in restoring connectedness and resilience to pastoral regions?

Better understanding of these benefits and trade -offs could allow some of the negative effects of
fragmentation to be minimized in intensified production systems, while some of the positive effects of
heterogeneity and connectedness could be restored, contributing to the robustness of pastoral
enterprises and their capacity to adapt to changes in the future.
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