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Summary Natural regeneration of farmland areas following landuse change has the potential to 
reinstate native vegetation and landscape processes across larger scales than intentional works. 
However, few examples of large-scale natural regeneration have been reported from southern Australia. 
In this study we use historical air photos to document the rate of establishment of natural regeneration 
in central Victoria following a change from agricultural to rural residential land use. In 2009, regrowth 
patches occupied 8,185 ha, or 12.3% of the cleared landscape in the study region, mostly on relatively 
low fertility soils. Most of this area (6,216 ha) supported Cassinia shrubland, with eucalypts encroaching 
as patches get older. On average, native vegetation has regenerated over nearly 1,800 ha every decade 
since the mid-1960s. If this trend continues, regrowth will occupy 20% of infertile soils on private land by 
2025. This region now appears to support one of the largest examples of old field succession recorded 
from south-eastern Australia. Regrowth patches are likely to provide many conservation benefits, 
although little information exists on habitat values provided by regrowth shrublands. Since regeneration 
is on private land, perceptions of whether regrowth is ‘good’ or ‘bad’ will vary according to landholder 
goals, as will future management of regrowth patches. Consequently, considerable ecological and social 
research is required to understand the ecosystem services and disservices which regrowth provides to 
both landholders and biota. 

 
Key words: old field succession, landscape restoration, natural regeneration, biodiversity conservation, 
rural amenity landscapes, invasive native scrub, Cassinia arcuata. 
 
 
Introduction 
In recent decades, considerable resources have been devoted to promoting native trees and shrubs in 
cleared agricultural areas, to enhance both agricultural sustainability and biodiversity conservation 
(Fischer et al. 2009). Activities have usually involved small-scale plantings, direct seeding and livestock 
control (Briggs et al. 2008; Spooner & Briggs 2008; Lindenmayer et al. 2010). Unfortunately, the scale of 
these activities is usually much smaller than that required to restore landscape function (Lefroy 2010; 
Freudenberger 2010). 
 
On other continents, native trees and shrubs have colonized large areas following regional changes in 
land use, especially reductions in agricultural intensity (Cramer & Hobbs 2007). However, this 
phenomenon is unusual in agricultural regions of Australia (Cramer & Hobbs 2007). The most prominent 
example appears to be rainforest re-colonization in near-coastal Queensland and northern NSW 
(Kanowski et al. 2003; Neilan et al. 2006; Erskine et al. 2007).  
 
However, ongoing land use changes could enable woody plants to colonize more extensive areas in the 
future. In many parts of south-eastern Australia, traditional farms are being replaced by ‘amenity land 
uses’ such as hobby farms, rural residential properties, weekenders and bush retreats (Barr 2005). In a 
statewide analysis, Barr (2005) classified virtually all of central Victoria as a ‘rural amenity’ landscape or 
a ‘transitional’ landscape at an early stage of this transformation. This land use change provides 
opportunities for widespread recruitment of native woody plants, possibly leading to regeneration of 
previously cleared areas across landscape scales. Major ecological constraints on woody plant 
colonization include seed availability, competition from herbaceous species, and ‘new’ disturbance 
regimes (Yates & Hobbs 1997). Species with small, wind-blown seeds or persistent soil seed banks are 
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likely to colonize fastest, particularly on infertile soils where competition from herbaceous plants is 
relatively low (Vesk & Dorrough 2006). 
 
In this article, we investigate the extent to which native woody plants have colonized cleared private 
properties in a rural amenity region in central Victoria where livestock grazing is increasingly being 
replaced by rural amenity land use. We then discuss the implications of this change for regional NRM 
and conservation management. 
 
Methods 
The study area occupies 109,223 ha in a rural amenity landscape in the Rushworth-Nagambie-Heathcote 
region in central Victoria (Fig. 1). The centre of the region supports a large block of Box-Ironbark forest 
(43,615 ha, or 40% of region) on public land, and adjacent areas beyond the study area support 
intensive agriculture (Fig. 1). The southern border of the study area abuts the Puckapunyul Military 
Area, which was excluded from the study due to land use differences (Anderson et al. 2007). Mean 
annual rainfall is 480 mm/year (Tatura, Bureau of Meteorology 2010). Topography is moderate to gently 
undulating, and soils range from shallow stony earths on upper slopes to deeper, more fertile yellow 
duplex/grey clay soils on lower slopes and in adjacent agricultural regions (DPI 2007). 
 
Preliminary field observations indicated that regrowth patches typically contained a core area of 
shrubland dominated by the native shrub, Drooping Cassinia or Sifton Bush (Cassinia arcuata), hereafter 
referred to as Cassinia. The patches often have a marginal strip and scattered clumps of regenerating 
eucalypts, particularly Grey Box (Eucalyptus microcarpa). Consequently, we separately mapped (1) the 
extent of all regrowth areas on private land in 2009, including Cassinia shrubland and eucalypts, and (2) 
changes in the extent of Cassinia patches, using aerial photographs from 1946 to 2009 to document the 
timing and extent of regeneration. Few photo runs covered the whole area, and photo availability 
differed greatly between areas. On average, photographs from 10 different dates (range 4-14 
photographs) were inspected for each regrowth patch, with longer intervals between earlier than later 
photo runs. We recorded the minimum age of each Cassinia patch from the date of the photograph on 
which the shrubland was first recorded. The extent (in ha) of each regrowth patch was determined by 
digitizing patch boundaries in Google Earth Pro and ArcMap GIS. Rates of change in the number and 
extent of Cassinia patches were then plotted. We calculated the area of regrowth in 2009 on two major 
soil types (low fertility shallow stony earths and more fertile yellow duplex/grey clay soils) based on soil 
mapping by DPI (2007). A chi square test was used to determine whether regrowth was more extensive 
on fertile or infertile soils than would be expected by chance. Spearman’s correlation coefficient was 
used to test associations between patch size and age. 
 
Results 
In total, 132 regrowth patches were recorded in 2009. These patches collectively occupied 8,185 ha, or 
12.3% of the cleared part of the study region (Fig. 1). In total, 78% of the regrowth area (6,216 ha) 
supported Cassinia shrubland. The median area of regrowth patches was 37 ha (range 3-248 ha), but 
patch area was strongly skewed and 60% of patches were less than 40 ha in size (Fig. 2a). Regrowth 
patches varied greatly in age. The oldest patch was at least 64 years old, being visible on the earliest 
aerial photograph. However, most patches (97%) were less than 45 years old and formed since the 
1960s, based on minimum age estimates (Fig. 2b). A similar trend existed when the area occupied by 
patches of different ages was calculated; from 15-34% of total patch area formed in each decade from 
the 1970s to 2000s (Fig. 2c). Consequently, the rate of regeneration was strongly linear since the mid-
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1960s with an average of 178 ha regenerating each year (linear regression: regrowth (ha) = 177.81 * 
years since 1965 + 520.89, r2 = 0.96; Fig. 2d). Spearman’s correlation coefficient indicated that older 
patches tended to be larger (rho = 0.502, p < 0.01). However this relationship was weak, as Cassinia 
often colonized large areas very rapidly. For example, the 4th largest regrowth patch occupied 228 ha 
but was just 3-10 years old. Many old regrowth patches contained a spatially complex mix of forest and 
shrubland patches (Figs. 3b & 4). 
 
Regrowth patches occurred on private land across the entire study area (Fig. 1), but were significantly 
more widespread (p < 0.001) and almost totally restricted to low fertility soils, with only 6% of the area 
of regrowth patches occurring on more fertile soil types (Fig 1). In total, 15% of the area of low fertility 
soils on private property supported regrowth in 2009. Nearly all regrowth patches (94%) were cleared 
paddocks with scattered paddock trees in the earliest air photos. 
 
Discussion 
These results demonstrate that native woody plants can colonize extensive areas of cleared land in 
south-eastern Australia following a change in regional land use from agricultural to lifestyle properties. 
The extent of woody plant regeneration is far greater than has been achieved from intentional plantings 
in other regions of similar-size (e.g. Freudenberger et al. 2004), and the percentage of the region 
affected (12.3% of private land) greatly exceeds outcomes from remnant fencing schemes 
(Freudenberger et al. 2004; Spooner & Briggs 2008, Briggs et al. 2008). An additional 4,000 ha of natural 
regeneration (plus more plantings) exists in the adjacent Puckapunyal Military Area (Anderson et al. 
2007), giving a total of 12,000 ha of natural regeneration in the region. 
 
The restriction of woody plant regeneration to low fertility soils could be due to two distinct processes. 
More fertile soils may have remained under production agriculture, while less fertile soils were 
transferred to lifestyle properties; unfortunately, we do not have land use data for individual properties 
to test this hypothesis. Alternatively, Cassinia and eucalypts may have recruited more rapidly on infertile 
soils due to lower levels of competition from herbaceous species (Vesk & Dorrough 2006). 
 
As expected, regrowth was dominated by fast-growing species with wind-blown seeds (i.e. Cassinia), 
rather than slower-growing species with more restricted seed dispersal such as eucalypts. Consequently, 
most regrowth patches form shrublands with small patches of eucalypts, rather than woodlands or 
forests – vegetation structures that originally dominated these areas before clearing. Eucalypt cover 
appears to increase over time in regrowth patches (e.g. Fig 3), but further analyses are required to 
quantify rates of structural change.  
 
The trend data suggest that regrowth patches will continue to expand in the region if landuse continues 
to change as it has over the past 40 years. On average, native vegetation has regenerated over nearly 
1,800 ha every decade since the mid-1960s. If this trend continues, regrowth will occupy 20% of infertile 
soils on private land by 2025. Future trends are subject to changes in land use and property 
management; nevertheless this projection indicates the potential for increasingly widespread 
regeneration as time progresses. 
 
From an ecological perspective, woody plant colonization following agricultural retirement represents a 
process of ‘old-field succession’ (Cramer et al. 2008). However, different people are likely to value this 
process in different ways depending on their land management goals. Woody plant establishment may 
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be viewed as ‘woody weed invasion’ if it conflicts with production goals or other land management 
objectives. Thus, Cassinia has long been viewed as a weed in pastoral areas, and is a declared noxious 
weed in much of central NSW, where it is widespread on poor soils (Campbell 1990; Campbell et al. 
1990). By contrast, where management goals focus on nature conservation, the process may be viewed 
as a positive step in ecosystem and landscape recovery. In this region, native plant colonization is not 
causing a decline in agricultural productivity. Instead, it is responding to landuse changes that are driven 
by larger socio-economic forces (Barr 2005). These contrasting views highlight that approaches to 
regrowth management must be tailored to the goals of individual landholders. 
 
From a conservation perspective, this region can be viewed as supporting one of the largest examples of 
landscape regeneration recorded from south-eastern Australia. Colonizing native plants are expected to 
have positive outcomes for biodiversity conservation, since faunal diversity is typically greater in patches 
of structurally complex vegetation, and in landscapes with greater cover of native vegetation (Bowen et 
al. 2007; Hendrickx et al. 2007; Billeter et al. 2008). However, very little information exists on the habitat 
values provided by large areas of regrowth – especially regrowth shrublands – in southern Australia. This 
type of information would greatly inform the development of future landuse policies on regrowth 
management.  
 
Additionally, future successional dynamics in regrowth shrublands are poorly known. We do not know, 
for instance, whether regrowth shrublands will gradually come to resemble intact Box-Ironbark forests, 
or may instead form distinctive ‘novel ecosystems’ (Hobbs et al. 2006). An important question for future 
research is: should regrowth shrublands be restored to form an intact forest structure, as in nearby box-
ironbark forests, or should shrublands be maintained to enhance the regional diversity of habitat types? 
 
There are suggestions that some woodland bird species that are currently in decline may be more 
abundant in regrowth shrublands than in intact box-ironbark forests (D. Robinson, pers. comm., May 
2010). If so, it may be useful to maintain a diversity of habitat types, including early-successional 
shrublands, to provide complementary habitat values to forest patches, rather than attempting to 
restore more forests. Thus, the habitat values provided by regrowth patches need to be considered at 
both ‘patch’ and regional scales when developing restoration and management goals (Fischer et al. 
2006). 
 
Our results highlight the extent of natural revegetation in a rural amenity landscape in central Victoria. 
This process raises many important questions for ecologists and land managers. How widespread is 
natural revegetation in other regions? How does regrowth structure and species composition change 
over time? What ecological functions does regrowth perform or influence, including broader landscape 
processes? Can regrowth be manipulated to further enhance conservation and other ecosystem 
services? To provide a complete picture, the services delivered by regrowth need to be compared 
against those delivered by other land uses, including cleared paddocks, intentional plantings and 
restoration works, as well as intact remnants. 
 
At present, the important questions listed above cannot be answered. While increasing attention is 
been given to monitoring the ecological impacts of intentional restoration works (e.g. Spooner & Briggs 
2008; Munro et al. 2009; Lindenmayer et al. 2010), there is a pressing need to assess the impacts of 
unassisted natural regeneration, especially where this is occurring over large landscape scales. In some 
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regions passive regrowth may be able to deliver conservation benefits over far larger scales, and at far 
lower costs, than intentional restoration activities, although this remains to be demonstrated. 
 
While we have focused on the potential positive values of regrowth for biodiversity conservation, it is 
important to recognise that woody plants are colonizing private land. Regrowth can affect a wide range 
of values and processes, including fire fuel loads, landscape aesthetics, catchment hydrology, livestock 
health, biodiversity conservation, soil amelioration, fodder provision, carbon sequestration, rural 
amenity, spirituality, rural land property values, salinity control, recreational opportunities and erosion 
protection. Not surprisingly, landholder attitudes to regrowth are likely to vary greatly – from ‘woody 
weeds’ to ‘precious regeneration’ – and considerable social research is required to understand the 
ecosystem services and disservices which colonizing vegetation provides to local landholders. As occurs 
in all regions that are undergoing rapid social change, conflicts between land use objectives are to be 
expected (Mendham & Curtis 2010). 
 
In conclusion, this study shows that native woody plants can colonize extensive areas when land use 
changes from traditional agriculture to rural amenity use, particularly on low fertility soils. The potential 
contribution of this process to regional biodiversity conservation in Australia appears to be undervalued 
at present, and considerable social and ecological research is required to optimize outcomes for both 
residents and biota. 
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Figure captions 
 
Figure 1. Distribution of regrowth patches in the Rushworth-Nagambie-Heathcote area in central 
Victoria in 2009. Soil types are based on DPI (2007). 
 
Figure 2. (a) Size and (b) age distribution of patches of regrowth Cassinia shrubland in 2009; (c) the area 
of Cassinia patches of differing ages in 2009; and (d) changes in the area of regrowth patches over time. 
Patch ages are based on the minimum possible patch age as determined from aerial photographs.  
 
Figure 3. Aerial photographs of selected regrowth patches in (a) the 1940s and (b) in 2007. Patch (1) is 
now dominated by Cassinia and formed between 1977 and 1982. Patch (2) formed between 1945 and 
1971, and contains abundant eucalypt regeneration. 
 
Figure 4. Natural revegetation near Murchison, Victoria. All woody vegetation in this view regenerated 
in the mid-1970s, including dominant Grey Box in the background, and the foreground shrub, Cassinia. 
This area resembled the cleared paddocks in Figure 3(a) in the earliest aerial photographs. 
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