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Abstract 
We introduce an initiative to enhance the conservation of native vegetation in 
Tasmania. Our focus is on options to help restore connectivity across cleared 
landscapes. The island’s native vegetation comprises around 150 communities 
spanning complex environmental gradients and extremes in disturbance. The 
vegetation of catchments such as Port Davey, Wanderer-Giblin, Gordon-Franklin 
and Nelson Bay is largely intact whereas the vegetation of the Rubicon, Mersey, 
Macquarie and Coal catchments at lower elevation has been cleared or highly 
modified to support intensive land use. Existing vegetation is represented by 
around 34,000 patches of which fewer than 3% exceed 50 ha in area. The 
significance of patches was mapped at a landscape scale to evaluate options for 
innovative management intervention. The Leven catchment in north-west 
Tasmania is one candidate for landscape scale revegetation to enhance 
ecosystem connectivity and facilitate carbon capture. 
 

Introduction 
Landscape modification and the associated loss of habitat is a major threat to 
biodiversity (ecosystems, habitats and species) (Lindenmayer and Fischer 2006). 
Landscape modification leads to declines in biodiversity through increased habitat loss 
and degradation (by converting native vegetation to other uses such as agriculture); 
increased “edge effects,” (by reducing the size of patches); and through increased 
habitat isolation (by imposing constraints to dispersal and migration). Furthermore, 
landscape fragmentation may reduce the resilience of habitats and species’ populations 
to climate change by limiting the ability of some species to move to new areas that have 
suitable climatic conditions.  
 
Landscape fragmentation also has broader implications for the maintenance of 
ecosystem functions and the provision of ecosystem services.  Ecosystem services are 
the processes by which the natural environment produces resources such as clean air 
and water, timber, pollination of native and agricultural plants, seed dispersal, nutrient 
cycling, and habitat for biodiversity (ESA 2000).  Biodiversity strongly influences the 
provision of ecosystem services and the processes affected by changes in biodiversity 
include pollination, seed dispersal, climate regulation, carbon sequestration, and 
agricultural pest and disease control (Millennium Ecosystem Assessment 2005) 
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The widespread removal of native vegetation over much of the agricultural zones of 
Tasmania has turned large continuous unbroken patches of native vegetation into 
numerous small patches, isolated from each other among a matrix of potentially 
inhospitable land-uses. Many of Tasmania’s catchments are at risk of further 
fragmentation as a result of ongoing developments and land-use changes. 

Methods  
 
We assess the level of landscape modification in Tasmania based on the amount 
(extent) and distribution of remaining native vegetation.  Provisional TASVEG_05, the 
latest version of the TASVEG state-wide mapping program was used to determine the 
extent and distribution of remaining native vegetation at the state and catchment scale. 
TASVEG is a 1:25, 000 vegetation map coverage for the state, comprising 
approximately 158 mapping units with 146 ecological vegetation communities (Harris 
and Kitchener 2005). 
 
We use the McIntyre and Hobbs (1999) model of landscape alteration states to 
determine the landscape alteration state of each catchment.  McIntyre and Hobbs (1999) 
described landscape change using a framework of defined landscape alteration states 
based on the proportion of native vegetation remaining.  There are four states (Intact 
>90%, Variegated 60-90%, Fragmented 10-60% and Relictual <10%) representing a 
continuum of human landscape modification of a previously continuous habitat matrix.  
 
McIntyre and Hobbs (1999) note that as human landscape modification increased the 
amount of intact habitat would decrease and habitat degradation would increase. 
Habitats tend to become more highly modified with increasing levels of native vegetation 
removal and particular states may have distinctive patterns of disturbance and land use 
(McIntyre and Hobbs 1999). Habitat in the form of native vegetation still forms the matrix 
in intact and variegated landscapes whereas in fragmented landscapes the matrix 
comprises “replaced habitat” (McIntyre and Hobbs 1999).   
 
The model proposes that while to some extent the definitions are arbitrary these habitat 
states relate to hypothesized thresholds and their relationships to fauna. For example, 
that the distinction between variegated and fragmented landscapes is supported by 
theoretical landscape models that suggest that organisms are operationally 
unfragmented when there is >60% remaining habitat and when there is between 10 and 
60% retention (fragmented landscapes) the degree of fragmentation is highly dependent 
on the mobility of the organism and the arrangement of the habitat (McIntyre and Hobbs 
1999).  
 
To examine the varying degrees of variegation and fragmentation and relationships to 
theorised threshold states more closely we subdivided McIntyre and Hobbs (1999) 
Variegated and Fragmented landscape states into sub-states (Figure 2).  The variegated 
state into three sub-states: low (80-90% remaining native vegetation), medium (70-79% 
remaining native vegetation) and high (60-69% remaining native vegetation).  The 
fragmented state into four sub-states: low (50-59% remaining native vegetation), 
medium (40-49% remaining native vegetation) high (30-39% remaining native 
vegetation) and very high (10-29% remaining native vegetation).  
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We quantify the distribution of the remaining native vegetation (NV) at the state and 
catchment scale using spatial metrics (patch size, connectivity).  We used the 
FRAGSTATS program (McGarigal and Holmes 2002) to perform a 25m grid analysis of 
native vegetation (based on Provisional TASVEG_05).  Vegetation patches >50m apart 
are considered to be separate patches.  Patches may contain multiple vegetation 
communities.  The output gives good indication of vegetation fragmentation. We 
assigned patches into three patch size categories based on area.  Small patches 
(<10ha), medium patches (10ha - <50ha) and large patches (>50ha). 
 
We evaluated how buffering of small patches (<10ha) could contribute to the goal of 
decreasing landscape fragmentation, using the Leven catchment  on the north coast of 
Tasmania as an example. We applied buffers of 25m, 50m and100m and evaluated the 
number of patches in each of the three patch area categories relative to the initial 
FRAGSTATS analysis. 
 
Finally, we discuss the opportunities for re-connecting landscapes (principally 
agricultural landscapes) that have been cleared, modified and degraded.  

Results 

Landscape Alteration States in Tasmania 
 
With 76% remaining native vegetation (NV), Tasmania has a variegated (medium) 
landscape.  However, some parts of the state landscape are intact, some are variegated, 
some are fragmented and there are varying degrees of variegation and fragmentation 
(Figure 1).   
 
Seven catchments are intact (with 94 -100% remaining native vegetation (NV)), twenty-
four catchments variegated (68 -88% remaining NV) and seventeen catchments 
fragmented (29 -59% remaining NV).  No catchments had so little remaining native 
vegetation as to be considered relictual. The island’s native vegetation spans complex 
environmental gradients and extremes in disturbance. The vegetation of catchments 
such as Port Davey, Wanderer-Giblin, Gordon-Franklin and Nelson Bay is largely intact 
whereas the vegetation of the Rubicon, Mersey, Macquarie and Coal catchments at 
lower elevation has been cleared or highly modified to support intensive land use 
(Norton et al. 2007). 
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Figure 1. Landscape alteration states for Tasmanian catchments determined using the 
McIntyre and Hobbs (1999) framework that defines alteration states by the proportion of 
native vegetation (NV) remaining. 
 
 
To examine the varying degrees of variegation and fragmentation and relationships to 
theorised threshold states more closely we subdivided McIntyre and Hobbs (1999) 
Variegated and Fragmented landscape states into sub-states (Figure 2).   
 
The twenty-four variegated catchments were almost evenly split between the three sub-
states, although more catchments were highly variegated (Figure 3). There were a 
considerable number of catchments close to the theorised 60% threshold with nine 
variegated high and seven fragmented low. 
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Figure 2. Landscape alteration sub-states for Tasmanian catchments based on sub-
dividing the variegated and fragmented alteration states of the McIntyre and Hobbs 
(1999) framework and defined by the proportion of native vegetation (NV) remaining. 
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Figure 3. Number of catchments in each landscape alteration sub-state defined by the 
proportion of native vegetation (NV) remaining. 
 
 
FRAGSTATS analysis 
 
Tasmania has 33,760 patches of native vegetation of which fewer than 3% exceed 50ha 
in area.  Ninety-eight percent of the remaining native vegetation is in 734 large patches.  
The remaining 2% is equally split between medium patches (2016) and small patches 
(31,010).  At the catchment scale, there was a decrease in the proportion of area in large 
patches and a corresponding increase in the proportion of area in small/medium patches 
with increasing landscape modification (Figure4).  Interestingly the remaining proportion 
of area was still equally split between medium and small patches for each land alteration 
sub-state. 
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Figure 4. The average percentage of remaining native vegetation in each patch area 
category and landscape alteration sub-state. 
 
The number of patches increased with increasing landscape modification.  At the 
landscape alteration sub-state level attrition of patches is also evident with increasing 
landscape modification (Figure 5).  Attrition is one of the five ways (perforation, 
dissection, fragmentation, shrinkage, attrition) that Foreman (1995) suggests humans 
can modify landscapes. 
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Figure 5. The average number of patches in each patch area category by landscape 
alteration state (McIntyre and Hobbs 1999) and landscape alteration sub-states. 
 
The average nearest neighbour distance between patches was similar even with 
increasing landscape modification.  Nearest Neighbour analysis showed that 56-76% of 
patches were within 100m and 87-95% patches were within 200m (Figure 6).  Very 
highly fragmented landscapes had the highest percentage of patches within 100m.  Only 
Intact landscapes had more than 800m between patches although this may be an 
artefact due to some patches being on islands e.g. Lake Pedder and offshore. 
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Figure 6. The percentage of patches in each nearest neighbour (NN) category for each 
landscape sub-state. 
 
Small and medium patches are predominantly on freehold land with grazing a major land 
use (Figure 7).  Large patches are predominantly on crown land with conservation and 
production forestry the major land uses. 
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Figure 7. Proportion of native vegetation area in different land tenure and land use 
categories for each patch area size category. 
 
Buffering small patches 
With 59% remaining native vegetation The Leven catchment has a Fragmented 
Landscape Alteration State and a Fragmented Low Sub-State. The results of the patch 
size analysis show that large patches are predominantly on land with conservation and 
production forestry the major land uses and small patches are predominantly on land 
with grazing the major land use (Figure 8).  

 
 
 
Figure 8. The Leven catchment showing the results of the FRAGSTATS patch size 
analysis (left) and land use categories (right). The box indicates the area used to 
illustrate changes in patch size categories following the application of various size 
buffers (Figure 9). 
 
The number of patches in each of the three patch area categories relative to the initial 
FRAGSTATS analysis following the application of buffers of 25m, 50m and100m is 
shown in Figure 9.  With each buffer application there was a substantial decrease in the 
total number of patches, demonstrated by a substantial decrease in total number of 
small (<10ha) patches. There was a corresponding substantial increase in the number of 
medium (10-<50ha) patches and a substantial increase in number of large (≥50ha) 
patches.  These results suggest that buffering small patches softens the matrix by 
consolidating and enlarging patches and increasing landscape connectivity.  
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Figure 9. The number of patches in each patch size category with no buffers and with 
buffers of 25m, 50m and100m. 

Opportunities for re-connecting landscapes 

Our results suggest that protecting and enlarging small remnants patches has the 
potential for reducing fragmentation and increasing connectivity at the landscape scale. 
 
We suggest a focus on small patches for several reasons.  Our research shows 
increasing modification of landscapes results in increasing fragmentation of native 
vegetation into small patches, concurring with McIntyre and Hobbs (1999).  Our results 
also show that most small patches of native vegetation are on freehold land, where the 
major landuse is grazing.  Our results indicate that many small patches are close 
together.   
 
Small patches of native vegetation provide important ecosystem services (Tyson-
Doneley et al. 2005).  Small patches are important as stepping stones, refugia and as 
dispersal sources.  For example, it has been suggested that such remnants may function 
as a refugia and source community for grassland specialists and thus may have 
potential for restoration and conservation of grasslands at a landscape scale (Cousins 
and Lindborg 2008).   In temperate Australia, woodland remnants within agricultural 
landscapes are considered essential as a seed source for regeneration of woodland 
ecosystems (Davidson et al 2007). However, as demonstrated here, small patches are 
also the most vulnerable to attrition, degradation, and increasing modification.   
 
Finally, a recent synthesis of research into habitat fragmentation suggests that guiding 
principles for mitigating the decline of biodiversity in modified landscapes include 
maintaining and and/or restoring: a matrix structurally similar to native vegetation; 
buffers around sensitive areas; and stepping stones (Lindenmayer and Fischer 2006).   
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The most efficient way to protect small patches is to provide a buffer from threatening 
processes.  There is currently considerable interest in revegetation works, such as 
plantings for carbon credits.  Buffering small patches with mixed plantings for example 
would provide a number of benefits and ameliorate the negative trends associated with 
increased landscape fragmentation.  It would maintain and potentially increase the 
extent/amount of native vegetation (where mixed plantings are used), increase 
connectivity, and mitigate modification processes such as edge effects. 
 
Linking fragments by planting corridors of native vegetation is also proposed as a 
solution to the problem of habitat fragmentation (Hilty et al. 2006).  This has the potential 
to mitigate the problem of isolation but not the loss of interior habitat.  It is also possible 
that isolation may offer some protection from threatening processes such as disease or 
invasive species.  Research suggests that corridors should be designed with specific 
outcomes in mind (Donald and Evans 2006).  Individual species will differ in their 
response to edge effects and patch boundaries and their perception of the matrix and 
this will influence their use of corridors (Michaels 2007). Nonetheless, corridors could 
also be implemented by judicial selection of patches once specific objectives have been 
identified.   
 

Conclusion 

Small remnant patches of native vegetation on agricultural lands provide important 
ecosystem services, function as stepping stones between larger blocks of vegetation, 
provide refuges from which vestiges of native populations of plants and animals may be 
able to recover and serve as a source for the colonisation of adjacent areas.  They are 
valuable habitats if the goal is to restore biodiversity in the landscape. As keystone 
structures in agricultural landscapes management to protect and to enlarge (though 
supplementary planting around the perimeter) these small patches is critical to maintain 
ecological connectivity in agricultural landscapes. 
 
Our results suggest that buffering small patches particularly in agricultural landscapes 
could be an important focus for revegetation activities aimed at connecting, enhancing 
and extending native vegetation for biodiversity outcomes.  ‘Softening’ the matrix could 
offset some of the negative impacts on biodiversity of the loss and fragmentation of non-
agricultural habitats; could allow species to adapt to climate change; and could 
contribute positively to the coherence of key biodiversity and protected area networks 
(Donald and Evans 2006).  
 
Our presence in the session on marriage may have been somewhat premature, but we 
would like to promote the results of our research as a possible contender for the farmer 
wants a wife.  If native vegetation is to be managed sustainably on agricultural land, the 
landholder should get recognition of the role it plays in providing ecosystem services and 
help to find it a protective partner.   
 
Our science-based approach provides the baseline needed to assess native vegetation 
remnants and their condition, and to identify opportunities and priorities for re-connecting 
landscapes.  This information is of significance to natural resource management (NRM) 
regions, organisations involved in revegetation activities such as Greening Australia 
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(Tas) (e.g. mixed plantings) and others (e.g. Green Corps: re-vegetation, Private 
Forestry Tasmania (PFT): agroforestry) and particularly to landowners. 
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