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Executive Summary 
 

The aim of this project was to review the main monitoring themes and questions for 
future management of vegetation in the TWWHA in the context of climate change and to 
recommend ways in which a monitoring strategy might be developed to answer these 
questions. The work forms one basis for future identification of work priorities for 
vegetation monitoring within the World Heritage Area. Thus it forms part of an ongoing 
process.  
 

The tasks identified in the project brief were: 
 

1. Identify key climate change monitoring themes and questions for the management 
of vegetation in the TWWHA.  

 

2. In consultation with stakeholders compile an inventory of relevant vegetation 
research programs and datasets useful for climate change monitoring covering 
vegetation communities, species or ecosystems, with particular focus on 
TWWHA flora values.  

 

3. Document existing and potential programs with which vegetation monitoring in 
the TWWHA could integrate, at the TWWHA, Tasmanian and national level. 

 

4. Review the existing and potential conservation, research and monitoring programs 
for their relevance to the identified key climate change themes and questions for 
TWWHA vegetation management and identify gaps. 

 

5. Recommend monitoring programs that are prioritised according to TWWHA 
vegetation values and vulnerability to climate change, feasible management 
responses and likely cost-benefits. 

 

6. Identify constraints that must be addressed to develop monitoring based on the 
recommended priorities. 

 

7. Identify sites, species or vegetation communities, associations, habitats or 
environmental niches that are most relevant to the monitoring priorities. 

 

The consultancy involved a survey of literature, interviews with individual experts and 
the facilitation of a workshop held to gather information and suggestions for a vegetation 
monitoring program.   

The Report includes a recommended program for vegetation monitoring for climate 
change within the TWWHA.  This program specifically recognises the uncertainties 
surrounding climate change scenarios for different parts of the TWWHA and for the 
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different vegetation and flora values. The report also recommends some ancillary projects 
which should be established as part of the program. 

 

Recommendations 

 

The following specific recommendations are made: 
 

Recommendation 1: Given the reality of climate change, and the uncertainties around 

likely spatial and temporal impacts, it is recommended that the TWWHA vegetation 

monitoring program should be as comprehensive and precautionary as can be 

entertained in a restricted fiscal environment.  However it should be conservative and 

cognizant of existing relevant programs i.e. it should be cost-effective and maintain a 

management focus. 
 

Recommendation 2: Monitoring should be recognised as a key aspect of the achievement 

of a management program for vegetation and flora values within the TWWHA.  
 

Recommendation 3: Investigate the further use of available remote sensing and on-

ground technologies and maintain liaison with RMC and ILS staff, the RMC Spatial 

Information Steering Committee and others about new developments. 
 

Recommendation 4: The TWWHA vegetation monitoring program should seek all 

opportunities to develop synergies through a strategic and integrated multi-disciplinary 

approach both within and outside the Agency. 
 

Recommendation 5: Genetics: Facilitate the establishment of appropriate research and 

monitoring areas for investigation of changes in gene frequencies associated with climate 

change. 
 

Recommendation 6:  Species: The listing of species in Appendix 2 is preliminary and has 

been compiled to establish a framework for further consideration. The whole flora of the 

TWWHA should be evaluated by relevant experts  to establish a more comprehensive and 

agreed risk management framework for monitoring evaluation, using a process like that 

outlined in Rudman et al. (2008). 
 

Recommendation 7 Non-vascular plants and fungi: Maintain liaison with non-vascular 

plant botanists to facilitate early detection of climate change signals arising in these 

plant groups. 
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Recommendation 8: Vegetation communities: 

• Maintain the existing program of monitoring at Mt Weld, Snowy Ranges, Pine 

Lake/Mickeys creek, the key fire study sites and coastal vegetation in the 

Southwest. 

• Institute a routine aerial surveillance program using remote sensing and strategic 

flight transects in accordance with the recommendation on health surveillance 

• Evaluate use of the Tasmanian River Condition Index for riparian vegetation 

• Liaise with marine ecologists to ensure marine vegetation is adequately covered. 
 

Recommendation 9: Pests and Diseases 

• Phytophthora cinnamomi: Maintain current program and incorporate 

surveillance for Phytophthora cinnamomi into other place-based vegetation  
programs  

• Myrtle wilt: liaise with Forestry Tasmania over Rate of Spread program; 

investigate use of historic and current aerial photography to assess changes in 

incidence; re-survey aerial transects of Packham (1991). 

• Establish liaison with Forestry Tasmania to get results from their annual surveys 

as part of an early warning system for pests and diseases in TWWHA eucalypt 

forests  

• Investigate establishment of a stratified aerial monitoring sampling system based 

on the approach used by Forestry Tasmania but targeting vulnerable ecosystems 

in the TWWHA 

• Maintain existing conifer monitoring program on Central Plateau, and expand it 

to include eucalypts, Sphagnum and major shrub dominants and drought effects. 
 

Recommendation 10: Weeds:  The current weed management strategy should be 

maintained and a schedule developed for periodic stratified surveys for weeds addressing 

high risk sites across the major biophysical domains of the TWWHA.  
 

Recommendation 11: Use of ancillary data and monitoring systems 

• Investigate the use of data loggers for recording basic rainfall, temperature and 

soil water tables at key long-term monitoring sites.  
 

Recommendation 12: A formal set of key monitoring sites be established to inform 

climate change research as priorities for ongoing monitoring. Existing sites include the 

Central Plateau, Warra LTER site, Snowy Ranges, Mt Rufus/King William/Navarre, 

Strathgordon Road and riparian Lower Gordon River. Additional recommended sites 

include Melaleuca and environs, Cradle Valley/Pelion Plains, Gelignite 

Creek/Condominium Creek. Other sites recommended for investigation include a sub-set 
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of the Lower Gordon River scientific Survey sites, Hill One/Moonlight Ridge and Mt 

Sprent. 
 

Recommendation 13: other relevant monitoring programs outside the TWWHA: 

• Maintain liaison with Warra LTER site contacts. 

Investigate acquisition of data from CFI plots now within the TWWHA. 

• Establish liaison with Land Management and Conservation  and Water Branches 

to investigate cooperative monitoring programs. 

• Establish liaison with relevant agencies and DPIW units to initiate and maintain 

a monitoring program in the Vale of Belvoir, and on Ben Lomond, Mt Read/Mt 

Hamilton, Mt Wellington and Mt Field. 
 

Recommendation 14: Establish and maintain active liaison with relevant research 

agencies and major national funding providers. Actively promote the need for staged, but 

expanded monitoring program.  The Monitoring program team should actively seek 

involvement on relevant Steering Committees to advance TWWHA priorities. 
 

Recommendation 15:  Establish an expanded monitoring program framework as outlined 

in this report to capture future funding opportunities as well as increasing liaison and 

building on existing DPIW and other programs.  
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Introduction 
 

This consultancy was initiated to examine ways of monitoring the impact of climate 
change on flora and vegetation values within the Tasmanian Wilderness World Heritage 
Area (TWWHA). The scope of the project included a review of past and current research 
and monitoring to determine its relevance to monitoring of climate change impacts. The 
work forms one basis for future identification of work priorities for vegetation monitoring 
within the World Heritage Area. Thus it forms part of an ongoing process.  

The adverse impacts of events consistent with climate change have become so obvious 
that it is now one of the key issues addressed by governments, but this change in 
approach has only recently gathered pace. Thus, the National Priorities for Biodiversity 
Research produced by Australian Governments in 2001 does not explicitly include 
climate change as a stand alone area in need of research although in the same year “loss 
of terrestrial climatic habitat caused by anthropogenic emissions of greenhouse gases” 
was listed as a key threatening process under the Environment Protection and 
Biodiversity Conservation Act 1999 (S. Harris pers. comm.).  The Biological Diversity 
Advisory Committee subsequently reported the outcomes of a workshop on climate 
change impacts on biodiversity (Howden et al. 2003). The Final Report on Tasmania’s 
Nature Conservation Strategy 2002-2006 (Australian Government 2009) makes 15 
priority recommendations, none of which refer directly or indirectly to climate change, 
even though many of the actions target issues which will be exacerbated by climate 
change.  

The National Greenhouse Strategy of 1998 flagged the need for adaptation strategies for 
five key sectors (including biodiversity) which were identified as sensitive to the direct 
effects of climate change.  As a result the National Biodiversity and Climate Change 
Action Plan 2004-2007 was prepared and a National Climate Change Adaptation 
Framework was endorsed by the Council of Australian Governments (COAG) in April 
2007. Climate change is now recognised as potentially having a range of highly 
significant impacts on Australia’s natural resources as well as a range of social and 
economic impacts. Increased CO2 levels, higher temperatures, changed rainfall and 
hydrological patterns with concomitant altered water quality and quantity, altered fire 
regimes (higher intensity and frequency of wildfire) and increased risks from weeds, 
pests and diseases are among the predicted impacts.  In the context of the current report, 
the National Climate Change Adaptation Framework identified World Heritage 
Properties as an area for action, viz: 
 

“assess the vulnerability of Australia’s World Heritage Properties …to the 
impacts of climate change.  Regular reviews of management plans for each World 
Heritage Property will explicitly consider vulnerability to climate change impacts 
and plans will include actions where necessary to reduce vulnerability or manage 
impacts.” 

 

A number of programs have followed from this initiative including the current 
preparation of a strategic assessment of the vulnerability of Australia’s biodiversity to 
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climate change (Steffen et al. in prep). The Consultation draft of Australia's Biodiversity 
Conservation Strategy 2010-2020 now cites climate change as a key threat to 
biodiversity. The other listed threats are:  

• invasive species 

• loss, fragmentation and degradation of habitat 

• unsustainable use of natural resources 

• changes to the aquatic environment and water flows 

• inappropriate fire regimes. 
 

All of these issues are expected to be interactive with and exacerbated by climate change. 

The draft identifies six areas for consideration as ‘priorities for change’. Relevant areas 
for the current report include building ecosystem resilience, getting results, and 
measuring success. The draft goes on to identify some key actions and activities to be 
commenced within the next two years including: 

• Actions 6.1.1 (Build baseline datasets, including key indicators, to measure 
biodiversity condition and trends over time) and  

• Action 6.1.3: (Implement and maintain a nationally representative set of long-
term monitoring protocols and sites) 

which are of particular relevance to the monitoring of vegetation for the effects of climate 
change in the TWWHA. 

In 2006-07, the Tasmanian Government established a Climate Change Office within 
DPAC and began development of a State climate change strategy, which required all 
Agencies to develop a framework and policies within their own areas of concern. DPIW 
responded to this with the production of a draft policy and subsequently has convened 
two workshops on conservation and natural resource management to further progress 
strategies and their implementation. As part of this program, the Vegetation Conservation 
Section of DPIW established the current project to progress their responsibilities within 
the TWWHA consistent with the need recognised under the National Climate Change 
Adaptation Framework. 

The main aim of this project is to review the main monitoring themes and questions for 
future management of vegetation in the TWWHA in the context of climate change and to 
recommend ways in which a monitoring strategy might be developed to answer these 
questions.  

The tasks identified in the project brief were: 
 

8. Identify key climate change monitoring themes and questions for the management 
of vegetation in the TWWHA.  

 

9. In consultation with stakeholders compile an inventory of relevant vegetation 
research programs and datasets useful for climate change monitoring covering 
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vegetation communities, species or ecosystems, with particular focus on 
TWWHA flora values.  

 

10. Document existing and potential programs with which vegetation monitoring in 
the TWWHA could integrate, at the TWWHA, Tasmanian and national level. 

 

11. Review the existing and potential conservation, research and monitoring programs 
for their relevance to the identified key climate change themes and questions for 
TWWHA vegetation management and identify gaps. 

 

12. Recommend monitoring programs that are prioritised according to TWWHA 
vegetation values and vulnerability to climate change, feasible management 
responses and likely cost-benefits. 

 

13. Identify constraints that must be addressed to develop monitoring based on the 
recommended priorities. 

 

14. Identify sites, species or vegetation communities, associations, habitats or 
environmental niches that are most relevant to the monitoring priorities. 

 

A workshop was held as part of the consultancy to assist with the development of these 
tasks. A report on the workshop outcomes is attached as Appendix 1. 

A bibliography of references used and references relevant to the research programs 
identified in the preparation of this report are provided in Appendix 7.  

 

  



12 

 

Climate change scenarios 
 

The Bureau of Meteorology and CSIRO have produced a regional assessment of likely 
effects at a national scale (PMSIEC Independent Working Group 2007). The models are 
too broad-scale to provide definitive likelihoods for regional Tasmania, but some relevant 
predictions include:  

• more extreme high temperatures and fewer frosts 

• changes in rainfall  

• increased incidence of high fire danger periods 

• increased storm surges 

• altered patterns of wind activity.  

There is now widespread acceptance that greenhouse gas emissions, and in particular that 
atmospheric CO2 levels have been rising during the twentieth century and the rise is 
continuing. The rises in emissions have seen a concomitant rise in temperatures of about 
0.760C since the 19th century, and other studies suggest that temperatures are increasing 
at the upper range given in the International Panel on Climate Change Fourth Assessment 
Report (Cited in Dunlop and Brown 2008).  

These actual and predicted changes are being found also in Tasmania (Barnes-Keoghan 
2008, Dunlop and Brown 2008). However the available climate data and scenarios for 
Tasmania and in particular the TWWHA must be treated with some caution because the 
data are from a small number of reliable sites which are mainly coastal and not in or 
representative of the TWWHA. These deficiencies are being addressed by new 
modelling, which is using smaller cell sizes (Barnes-Keoghan 2008). The current models 
predict greatest change for north-eastern Tasmania and to some extent central northern 
Tasmania. Calder and Kirkpatrick (2008) have also suggested that the greatest changes 
within the TWWHA will be in the northeast around the Central Plateau rather than in the 
west and southwest. Their examination of spatial patterns of climate change across the 
range of Eucalyptus gunnii, demonstrated stronger signals in the eastern part of the 
species range within the TWWHA compared with the west and south western parts of the 
TWWHA. Other data also suggest that local effects may run counter to global or regional 
effects, another example within the TWWHA being the study of Kirkpatrick et al. 
(2002a). Some modelling being undertaken by CSIRO (M. Battaglia pers. comm.) 
suggests that although total rainfall may not change significantly in the near future, its 
timing and variability may well be sufficiently different to exacerbate the extent, 
incidence and intensity of wildfires, especially in combination with predicted changes in 
wind speeds and directions. Such an outcome may adversely affect the conservation of 
fire sensitive rainforest, conifer and alpine communities. 

Predicted climate change effects in coastal and marine environments of the TWWHA 
have been summarised by Rudman et al. (2008) and Edgar et al. (2007). Predicted 
climate change effects include changes in temperature, rainfall, wind direction and 
strength, sea temperature and sea level. Mean warming in coastal areas of Australia is 
predicted at 0.7-1.0 0C by 2030, but regional figures are variable and uncertain. McIntosh 
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et al. (2005) predict changes of only -0.200C and +0.200C for SW Tasmania and 
predictions for regional changes in rainfall and evaporation are very uncertain. Changes 
in wind speeds are also predicted to occur, along with changes in average wind strength 
and timing of strong winds. When these changes are combined with expected changes in 
average sea levels, the climate change scenarios point to an increased risk of coastal 
erosion from altered frequency and intensity of storm surges, which are unlikely to be 
ameliorated by regional uplifting (Rudman et al. 2008). The possible effects on the 
marine environments in the Port Davey-Bathurst Harbour region have been summarised 
by Edgar et al. (2007), who recognised increased threats to marine ecosystems in the Port 
Davey-Bathurst Harbour region from rising water temperatures, changing sea water 
acidity and changes to local rainfall run-off patterns. 

There are some issues with predictions of change which only consider averages. For 
example the CSIRO modelling suggests that while average annual rainfall for western 
Tasmania shows little change, the timing and intensity of rainfall is altered so that most 
rainfall may be received in short bursts in sporadic major events rather than being spread 
more evenly in time.  

There is evidence that lightning events unaccompanied by rain have become much more 
frequent with a concomitant increase in lightning-caused wildfires. In the period 1991/92-
1999/00, there were 14 lightning strike-caused fires in Tasmania which burned 11 245 ha 
of reserves. This contrasts with the period 2000/01 to 2008/09 when fires resulting from 
55 lightning strikes burned c.160 700 ha. (A. Pyrke pers. comm.). However this increase 
appears to have been a stepped or sudden change rather than a gradual increase. Further 
work is needed to ascertain whether such an outcome is consistent with past patterns of 
lightning and fire behaviour, e.g. around the decades of past major fire events in the 
1890s or 1930s. However monitoring is one effective way of gaining some insights into 
these extreme events and whether planning for their future occurrence can anticipate and 
mitigate their adverse impacts.  

In summary, the known climate change issues which will affect the TWWHA are that  

• atmospheric CO2 concentrations are rising 

• atmospheric and oceanic temperatures are rising. 
 

Additionally there are changes to be expected in the amount of rainfall received, its 
temporal and spatial distribution across the TWWHA and changes in its variability and 
reliability (e.g. as seen in Figure 1 from 1971-80 and 1998-2007). There are also other 
effects consistent with climate change that have been taking place in recent decades, 
including widespread drought. In addition to these effects there are likely to be increases 
in the frequency and pervasiveness of extreme events, such as storm surges and extensive 
wildfires. 
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Figure 1. Changes in mean annual rainfall in Tasmania between 1971-80 and 1998-

2007 (M. Grose unpublished, J. Whinam pers. comm.).  
 

These changes are expected ones. There will also be unexpected changes which may 
occur for example if some currently unknown threshold is breached. An example of such 
a threshold is the activity of the root-rot fungus Phytophthora cinnamomi. As cited 
below, this plant pathogen is quiescent when soil temperatures are less that about 120C 
and therefore currently inactive at high altitudes and in dense forests, but with rising 
temperatures it may become a more widespread issue for management in landscapes and 
vegetation where it previously was not a problem. There remains potential for such 
scenarios to be played out with other pests, weeds and diseases which currently are not at 
issue.  

As noted above, the various models and their predictions at the local scale must be treated 
with some caution until more refined models become available. 
 

In summary then, it is likely that 

• there will be some direct effects from increased CO2 and temperature as well as 
changes in rainfall patterns 

• effects will vary by region, geophysical factors, microclimatic effects, having variable 
impacts on the ecology and life histories of species and communities 
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• there will be differential effects caused by species interactions (including grazing, 
pests and diseases) and altered fire regimes 

• threshold effects may lead to collapses 

• there will be unforeseen circumstances. 
 

Recommendation 1: Given the reality of climate change, and the uncertainties around 

likely spatial and temporal impacts, it is recommended that the TWWHA vegetation 

monitoring program should be as comprehensive and precautionary as can be 

entertained in a restricted fiscal environment.  However it should be conservative and 

cognizant of existing relevant programs i.e. it should be cost-effective and maintain a 

management focus. 

 

Effects of climate change on plant biodiversity 

 

What are the likely effects on biodiversity of plants? At the genetic level there may be 
shifts in gene frequencies within populations of species, as well as changes in the patterns 
of clinal variation, hybridisation and indeed speciation. At the species level, individual 
species are likely to have altered distributions, and to experience changes in lifecycle, 
phenology, habitat use, physiology and extinction rates, and consequently in their 
interactions with other species. There are then likely to be changes in ecosystem and 
community structure and composition as well as changes in detrimental attributes such as 
invasive species number and abundance. 
 

Hovenden (2008) has summarised the likely plant/vegetation responses to temperature, 
CO2 concentration and rainfall patterns as follows. 

Temperature:  

• altered phenology (e.g. earlier flowering) 

• increased water use 

• shifts in altitudinal/latitudinal distributions. 
 

Increased CO2 concentration: 

• increased photosynthetic rates, growth rates & productivity (only if water 
availability is adequate) 

• decreased foliar N:C ratio – increased secondary metabolites, decreased 
palatability and food quality. 

 

Rainfall:  shifts in totals, seasonality and reliability leading to:  

• shifts in community composition and structure 
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• altered species distributions  

• selection for drought tolerance. 
 

He also suggests that there are likely to be some changes in plant competitive behaviour, 
such as  

• C4 plants (some grasses and monocots) being favoured over C3 plants  

• woody plants out-competing herbaceous plants 

• short-lived opportunists thriving in less reliable conditions. 
 

However it is already apparent that climate change effects are not consistent across 
landscapes or species (e.g. Calder and Kirkpatrick 2008). It is also apparent that some 
areas are obviously more drought and fire prone than others. This is witnessed with some 
populations of E. gunnii and E. pauciflora on the Central Plateau (J. Sanger pers. comm.). 
 

What are the priorities for managing vegetation for climate change? 

 

The main priorities for processes and programs to assist management of climate change 
are widely recognised and in large part are reflected in the Terms of Reference of the 
Consultancy. The main priorities are: 

(1) Compilation of an adequate information base on the natural flora and vegetation and 
threats to their persistence to assist analysis on responses to climate change.  

(2) Since the proximal effects of climate change are incompletely known, develop 
strategies and resources to enable adaptive management for the effects of climate change 
on the vegetation and flora values. 

(3) Establish and maintain viable and ongoing communication links between managers 
and researchers, using monitoring for the early detection of change. It is particularly 
important to have early feedback on the implications of refined climate change models, 
climate change - vegetation interactions as well as on potentially critically affected places 
and values. 

(4) Use research and accumulation of observations and develop techniques and tools to 
assess and react to the impacts of the indirect effects of climate change, such as drought, 
altered fire regimes and increased activity of pathogens, pests and weeds. 

(5) Undertake risk analyses and develop feasible management options to prioritise 
candidate areas and values for adaptive management action. 
 

Recommendation 2: Monitoring should be recognised as a key aspect of the achievement 

of a management program for vegetation and flora values within the TWWHA.  
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In effect monitoring for the effects of climate change on biodiversity is needed for much 
the same reasons as monitoring biodiversity more generally, i.e. to: 

• identify thresholds for management action 

• adopt appropriate adaptive management strategies 

• develop evaluation frameworks for the conservation status of species and 
vegetation 

• assist in the identification of mitigation/amelioration measures for climate change 
– e.g. preparation of carbon budgets for the TWWHA and monitoring of carbon 
fluxes 

• identify sites of priority for conservation 

• and in accordance with policy directives, to comply with statutory and other 
reporting requirements, such as the State of the TWWHA Report, Montreal 
Indicators reporting, the National Biodiversity Audit, State of Forests and State of 
Environment reporting. 

 

It may appear that some climate change effects will be so profound on some elements of 
biodiversity values that monitoring will amount to little more than overseeing the demise 
of the values. However, monitoring can be of assistance in identifying and providing 
early warning of adverse impacts. Appropriate management actions can then be put in 
place to protect the most resilient or least susceptible populations or areas from other 
adverse effects. For example, by monitoring and identifying the most naturally fire-
protected stands of native conifers, management actions can be focussed on their 
protection from the ravages of wildfire. A similar example is provided by Calder and 
Kirkpatrick (2008) with respect to drought-affected stands of E. gunnii. One of the stands 
in best condition for this species was found in the most drought-affected part of the 
Central Plateau, apparently because it had escaped the ravages of browsing and insect 
damage. Thus management can be aimed at increasing the protection of other such 
stands. 
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Designing a monitoring framework 
 

A framework for monitoring should be transparent, repeatable and adaptable to changing 
circumstances. It must consider the setting of priorities, analysis of risks and the 
feasibility of implementing the program and achieving outcomes. 
 

The priority for monitoring is a function of the following items: 
 

• the importance of the value – whether it be for ecosystem function, uniqueness, or 
other reasons such as public appreciation or economic utility 

• risk analysis which considers the likelihood of exposure of the value and its 
susceptibility to purported threats 

• analysis of existing threats and their likely exacerbation under climate change 
scenarios  

• which existing baseline/monitoring studies are available 

• feasibility of achieving outcomes 

• logistics/cost effectiveness. 
 

In designing a risk management framework there are a number of aspects which need to 
be taken into account. These include: 

• the identification of areas where greatest changes are likely 

• variety of plant life spans  

• range of mobility 

• species’ functions 

• complex multi-species interactions 

• unpredicted events & consequences. 
 

Thus a first step is to identify targets: genes, species, communities, ecosystems and 
ecosystem processes of interest and to assess the likelihood and degree of intensity of 
putative climate change effects across this range of targets. This step then involves an 
assessment of the sensitivity and susceptibility of the target to local effects. The risks 
associated with interactions of climate change with existing stressors need to be evaluated 
and included along with an examination of the cost-effectiveness of proposed monitoring 
actions. The logistic and economic feasibility of undertaking the monitoring and of the 
monitoring achieving useful outcomes must also be taken into account before actions can 
be prioritised. 
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In summary, before the program can usefully be implemented, the design of a monitoring 
framework for the flora and vegetation of the TWWHA needs to consider: 

• how to monitor 

• what to monitor 

• where to monitor 

• when to monitor 

• what tools are available for monitoring and their cost-effectiveness 

• what existing monitoring programs are in place. 
 

How to monitor 

 

There are many different forms of monitoring and many tools available to assist the 
process. Some are mature and have been in use for years while others are still in 
development. Thus there is an obvious link between monitoring, research and 
development here. Those responsible for the monitoring programs need to remain aware 
of relevant research and of the possibilities of new technologies so they can adopt 
appropriate new methods, whilst not ignoring existing techniques that have proved 
reliable and cost-effective.  

Monitoring tools and their efficacy were canvassed in the workshop, and the following 
appraisal draws on the workshop outcomes and subsequent discussions. However it was 
generally agreed at the workshop and subsequently that relatively cheap tools should be 
used as far as possible for routine and broad scale monitoring whilst intensive and more 
expensive techniques such as on-ground work or LIDAR runs should be reserved for the 
critical and strategically most significant monitoring purposes.  

The main methods available for monitoring are summarised below, with some comment 
about their relative usefulness and cost effectiveness for different purposes. 
 

Context setting 

 

Whilst not strictly a form of monitoring, past studies and studies of the past can provide 
useful context to determine whether current and future events are within or fall outside of 
the normal range of variability seen in nature. Some examples of such work include: 

• fire history and place for time studies such as those of Kirkpatrick (1977ab), 
Brown and Podger (1982), Brown et al. (2001) 

• the development of drought reconstruction models using dendrochronology (K. 
Allen pers. comm.) 

• the determination of past fire weather using dendro-ecological techniques (D. 
Bowman pers. comm.) 
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• palynological and palaeo-botanical studies to indicate vegetation change (G. 
Jordan pers. comm.). 

 

Thus it is important to maintain links with researchers in these fields. 
 

Monitoring tools and scales 

 

Satellite imagery 
 

Satellite imagery offers a useful and relatively cheap way of monitoring some aspects of 
vegetation especially at broad scales. MODIS is a satellite operating since 2000, and 
AVHRR has been in use for about 30 years. It tracks globally daily, but is at a very 
coarse resolution (250 m). However it has been useful in forestry plantations to monitor 
change in condition, detecting incipient tree dieback and also could be used to monitor 
change in cloud cover (M. Stone, J. Bruce, T. Wardlaw, J Kirkpatrick pers. comm.). 

LANDSAT imagery has been used to date in Australia and is available for free. It can be 
used effectively to assist in change detection (F. Faulkner pers. comm.) and has been 
used in vegetation studies, for example to monitor Phytophthora infections in Western 
Australia, and for fire-scar mapping in southwest Tasmania (S. Wood pers. comm.). 
However LANDSAT is becoming defunct and in 2010 the Australian Government 
Department of Climate Change (DCC) will change to the Indian Remote Sensing 
Satellite, IRS. The IRS uses a LISS3 sensor which is comparable to LANDSAT except 
that it uses four bands instead of seven. However the four bands are those most useful for 
vegetation analysis. DPIW will have use of this technology as part of the TASVEG 
mapping and change monitoring program through an agreement with the DCC. 
 

Aerial photography 
 

Aerial photographs offer a cheap and convenient monitoring tool and provide a basic 
coverage of the entire TWWHA with a good historical record as far back as the early 
1940s. The current program aims to capture images for the entire State at 1:42 000 on a 
five-year rotation (M. Harding pers. comm.) (Figure 2). Past coverages are available 
online back to 1982, but there are only hard copies of earlier coverages. The coverage is 
useful for broad-scale work, but may not offer the necessary detail that finer scales can 
achieve for more detailed studies.  Projected capture of digital imagery to replace film 
will mean that the required detail for finer scale work will become available (S. Harris, 
pers. comm.). 

Horton et al. (2008) have assessed the use of low-cost, fine-scale digital aerial 
photography for coastal vegetation systems and found it to be a qualified success. Its 
resolution could be greatly improved by use of relatively higher cost ground-based 
differential GPS controlled rectification or use of LIDAR to obtain a sub-metre digital 
elevation model.  The authors found that aerial photography at 1:25,000 and 1:42,000 
scales do not enable some facies of Tasveg mapping units potentially susceptible to 



 

climate change to be separately mapped for monitoring, e
thus alternative mapping systems to the State aerial photography program
required for spatial climate change

Figure 2. Aerial photographic coverage of Tasmania 2003

 

to be separately mapped for monitoring, e.g. narrow beach grasslands
lternative mapping systems to the State aerial photography program will be 
d for spatial climate change monitoring in some circumstances. 

Aerial photographic coverage of Tasmania 2003-2008 
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Digital still or video cameras linked to GPS 
 

It is possible to make use of oblique aerial photographs to monitor vegetation change 
over time, particularly as it is used frequently in post-fire aerial operations to assist with 
fire mapping in known locations. These are a potentially useful set of historical oblique 
aerial photographs some of which could usefully be archived for example into the Natural 
Values Atlas database.  

Early (pre GPS) use of aerial oblique video was effective for mapping the occurrence of 
fagus (Nothofagus gunnii) in autumn (Robertson and Duncan 1991). Planes now 
regularly use GPS to determine fire boundaries, for aerial spraying patterns and for pest 
and disease surveillance in plantation areas. Similar techniques could be used for 
monitoring aerial transects of conifer, eucalypt and rainforest stands, or to rerun 
Nothofagus gunnii mapping. 
 

LIDAR 
 

LIDAR is similar to radar but uses much shorter wavelengths (in the UV, visible light, 
and IR red ranges) to measure distances to targets. It is very accurate and has been used 
by Forestry Tasmania accurately to gauge heights of individual trees (M. Stone pers. 
comm.).  

LIDAR is relatively expensive at present but is very useful for accurate determination of 
topography and vegetation structure. It offers considerable potential as a tool in its own 
right to monitor vegetation and for ancillary work such as producing DEMs. The cost 
probably prohibits its adoption in a general vegetation monitoring program for the 
TWWHA at present, but it may be useful for ad hoc purposes.  It is already in use for 
forests adjacent to the TWWHA at the Warra LTER site and this may potentially offer 
useful information for the TWWHA. It may become cheaper in future as its use becomes 
more widespread. 
 

Ground-based photo points 
 

Ground-based photo points are an inexpensive and very useful technique for monitoring 
change. Some examples from the existing TWWHA vegetation monitoring program on 
the Snowy Range are shown in Figure 3. The original photos were taken in 1985 and the 
later ones in 2009. They graphically demonstrate both the change in cover and the 
increase in woodiness of the vegetation over that period. There are good historical 
photographs from many known vantage points in the TWWHA which would be useful 
for photo point monitoring of vegetation. Existing photo points established for other 
purposes, such as track erosion monitoring, may also prove useful. 

The PWS has established an invaluable photo point monitoring scheme within the 
TWWHA (G. Dixon pers. comm.), parts of which could be used to good effect for 
monitoring vegetation under climate change.  There are three projects involved.  The first 
involves photo points at 550 locations along walking tracks (Dixon et al. 2004).  The 
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second includes campsites, many of which have been rephotographed 3-4 times since 
1988.  The third project has involved the collation of large scale aerial photographs of 
pads and alternative tracks in 1995-99.  Each of these projects is backed by databases and 
has an associated GIS layer, but few of the photographs have been digitised.  The 
vegetation represented here encompasses much of the moorland and alpine systems of the 
TWWHA and potentially offer a useful tool for analysis of vegetation change under 
climate change as well as for the immediate impacts of visitor use.  The photos and data 
are stored with the project officer, but as with much of the past data about vegetation they 
should be provided with a more secure long term storage and retrieval method.  
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Figure 3. An example of the use of long-term photos points in the Snowy Range for 

assessing changes in vegetation over time.  The top photo was taken by J. Balmer in 

1985, with the subsequent photo taken by DPIW (Vegetation Conservation Section) 

in 2009.    



25 

 

On-ground plots and transects 
 

On-ground plot and transect studies are the stock in trade of the field plant ecologist. 
They are labour and time intensive and therefore expensive to carry out, especially in 
areas difficult to access, but are absolutely essential for many purposes including 
calibrating of other techniques such as remote sensing from satellites or aerial 
photographs. Aerial photographs are very useful for detecting change but they do not 
necessarily inform about what is causing the change. For example an observed change 
might be due to climate change or to post-fire succession.  On-ground studies are useful 
for disentangling likely causes of the change.  As noted above, with photo points, most of 
these data are stored with the project officers directly involved in the work, and thus lack 
long-term security.  A major part of using such data into the future will involve its 
capture and curation into a secure database system. 
 

Modelling 
 

Models may be complex mathematical abstractions or conceptual pictures of the ways in 
which a system functions. As well as assisting the encapsulation of knowledge, modelling 
provides a useful tool to test understanding of the results of monitoring and also to 
highlight deficiencies of the knowledge base. Modelling provides an important link 
between research questions, monitoring results and the application of understanding to 
management. The best models from a monitoring viewpoint are dynamic and adaptive, 
readily being capable of change in the face of new information.  
 

Conclusions 

 

Monitoring in the TWWHA needs to occur at multiple scales and there are tools available 
to do this in a cost-effective manner. Thus low-cost options should be used for broad-
scale early detection reserving more labour intensive on-ground methods for strategic 
calibration, as well as when early detection indicates an on-ground response is needed. 
The frequency at which monitoring occurs for any particular program will vary 
depending on the perceived rates of change of the object of monitoring.  

Such planning is already being applied in the TWWHA with respect to fire management. 
Regular summer aerial surveillance for fires is no longer carried out over the whole 
TWWHA. Instead ad hoc flights are made when there is adverse fire weather. Bureau of 
Meteorology (BoM) and Parks and Wildlife Service (PWS) operational staff monitor the 
incidence of thunderstorms, especially those likely to bring lightning without associated 
heavy rain. Flights are made after such storms to gauge the incidence of fire starts. The 
PWS has recently purchased a portable weather station which can be located at sites 
where fires are smouldering to warn of drying which may lead to subsequent flare-ups 
(A. Pyrke pers. comm.). 
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Recommendation 3(a) Investigate the further use of available remote sensing and on-

ground technologies and maintain liaison with RMC and ILS staff, the RMC Spatial 

Information Steering Committee and other agencies such as PWS about existing and new 

developments.  

Recommendation 3(b):  Ensure the capture of relevant vegetation information and 

remote sensing data into secure databases and GIS thematic layers. 
 

Recommendation 4: The TWWHA vegetation monitoring program should seek all 

opportunities to develop synergies through a strategic and integrated multi-disciplinary 

approach both within and outside the Agency. 
 

What to monitor? 

 

The values which are important to the TWWHA, and contribute to its international, 
national and state-level significance have been listed in Balmer et al. (2004). They are 
summarized below:  

• special values – icons, endemics, phylogenetically distinct taxa, primitive taxa 

• keystone and dominant species 

• major community types 

• rare flora and rare communities 

• threatened species and communities 

• sedentary species 

• sensitive species 

• genetic/evolutionary outliers 

• refugia and areas of high diversity. 
 

All of these values need to be evaluated as to their vulnerability to adverse impacts of 
climate change.  Indeed there are many attributes of the above values which could be 
monitored, including: 

• plant ecological and life history attributes such as pollination, seed longevity, 
dispersal, germination, phenology, physiology etc. 

• genetic variability and gene flow processes 

• vegetation attributes such as Tasveg mapping units, or subunits of these, 
vegetation condition, structure, productivity and floristic composition 

• flora-fauna interactions 

• ecosystem processes including the hydrological, carbon and nutrient cycles of 
particular ecosystems 
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• biophysical attributes of particular environments 

• symbionts 

• pests, weeds, diseases and browsing damage 

• ancillary meteorological observations. 
 

The above lists are only indicative, and clearly it is not possible to monitor everything, so 
some refinement is needed. Some of the factors are already being monitored in other 
programs, and these need to be supported. However the discussion below focuses on 
some ways to refine the monitoring program by reducing the potential monitoring targets 
in a logically consistent way. It is important to note that monitoring for species changes 
under climate change scenarios is likely to be complex because of interactive events. For 
example there will not simply be a move by species up altitudinal gradients. This issue is 
exemplified by the occurrence of eucalypts and lichens found in alpine and subalpine 
environments in western Tasmania but which also occur at relatively low altitudes in 
relict populations in eastern Tasmania where presumably they have survived since the 
last glaciation (B. Potts, J. Reid, G. Kantvilas pers. comm.). 

The proposed monitoring system below attempts to include the capture of some 
components of each level of biodiversity, i.e. components of genes, species, communities 
and ecosystem processes as well as existing threats such as wildfires, droughts, pests, 
weeds and diseases.  
 

Genetics of species  

 

There are a number of sites within the TWWHA which are potentially important for 
monitoring of genetic changes, including gene flow, changes in gene frequencies and 
shifts in clinal variation within and among species. B. Potts (pers. comm.) has provided a 
statewide list of sites for eucalypt genetics:   

• E. gunnii (both subspecies) on the Central Plateau*  

• E. obliqua – E. delegatensis at the Warra LTER site and other places* 

• E. coccifera tree-lines on Mt Wellington and elsewhere* 

• E. johnstonii – E. subcrenulata – E. vernicosa on Mt Arrowsmith* 

• E. urnigera cline on Mt Wellington 

• key populations of rare endemics - E. cordata, E. risdonii and E. morrisbyi 

• E. Risdonii - E. amygdalina boundary at East Risdon 

• continuous clines in E. globulus at Mt Maria and Wielangta 

• genetic invasion of exotics e.g. E. nitens into E. perriniana and E. ovata 

• long-established genetics trials of E. globulus and other species. 
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The places/species marked by an asterisk are within the TWWHA. 
 

A key location for such effects in other species is across the Central Plateau, particularly 
in the area around Lake Augusta. There are a number of studies in this area indicating 
that there is high and active micro-speciation occurring there in a number of very 
different plant families. Examples include Ranunculaceae (Y. Menadue), Plantaginaceae 
(M. Brown), Haloragaceae (A. Orchard) and Epacridaceae (S. J. Jarman and R. Crowden) 
as well as some of the Eucalyptus species in the Myrtaceae mentioned above. 
 

Recommendation 5: Genetics: Facilitate the establishment of appropriate research and 

monitoring areas for investigation of changes in gene frequencies associated with climate 

change. 
 

Species monitoring  

 

The current inventory of the flora of the TWWHA (Balmer et al. 2004) lists 917 vascular 
plants, 473 bryophytes 277 lichens 90 marine algae and there are unknown numbers of 
fungi, soil and freshwater algae and other microbes. Clearly it is not possible to monitor 
all populations of each of these in any cost-effective manner without using some form of 
surrogate approach combined with a selective program of identifying and monitoring 
agreed key components. A draft list of priority taxa for monitoring is given below: 
 

Priority taxa 

 

• Species already listed as threatened. These species are already the subjects of monitoring 
programs. They are identified in Appendix 2 

• species already subject to threatening processes such as Phytophthora cinnamomi 

• endemics, phylogenetically distinct species such as the monotypic genera of the 
Proteaceae: Bellendena, Agastachys, Cennarhenes 

• genetic storehouses e.g. E. gunnii 

• iconic species with high public profile/value: e. g. pandani (Richea pandanifolia), 
Huon pine (Lagarostrobos franklinii), fagus (Nothofagus gunnii) , pencil pine 
(Athrotaxis cupressoides)  

• keystones/dominants: e.g. Nothofagus spp, all conifers, Eucalyptus spp, other 
dominant Myrtaceae, Sphagnum, Gymnoschoenus. 

 

The importance of evolutionary isolates, Tasmanian endemics, and those species already 
listed as threatened or already subject to threatening processes is self-evident. However it 
is important also to pick up species which are regarded by the public as icons, as well as 
those that have a dominant and/or keystone role in ecosystems. As one example, Jarman 
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and Kantvilas (1995) investigated a single 1500 year old Huon pine tree and found 127 
epiphyte species growing upon it, including 13 vascular plants, 40 bryophytes and 74 
lichens. The surrounding vegetation contained only 10 of the 13 vascular plants, 25 of the 
40 bryophytes and 34 of the 74 lichens so the untimely disappearance of the old tree 
would deplete the local biodiversity of the area. 

A first draft list of species to consider is included in Appendix 2. The species have been 
listed there because they occupy one or more of the above priority classes and their 
monitoring status has been allocated by their relative rarity or restriction and 
susceptibility/sensitivity to climate change or other adverse effects, combined with the 
likely cost-effectiveness of monitoring action. Species included as requiring monitoring 
by surrogate programs (S in Appendix 2) are those which are likely to be monitored 
successfully as part of other ongoing surveys and programs within the TWWHA or which 
should be picked up in more general broad-scale monitoring for other reasons and thus do 
not require any special monitoring arrangements. Those listed as M require specific 
monitoring consideration.  
 

Recommendation 6:  Species: The listing of species in Appendix 2 is preliminary and has 

been compiled to establish a framework for further consideration. The whole flora of the 

TWWHA should be evaluated by relevant experts  to establish a more comprehensive and 

agreed risk management framework for monitoring evaluation, using a process like that 

outlined in Rudman et al. (2008). 
 

Non-vascular plants and fungi 

 

In addition to the sites which may be of relevance for the monitoring of vascular plants, 
there are a number of sites which are valued by non-vascular plant specialists and which 
have been subject to repeat visits. 

These groups are not amenable to routine monitoring by non-specialists, but may provide 
valuable signals of climate change, therefore it is important to seek advice from 
appropriate specialists. 
 

Bryophytes and lichens 
 

Important sampling sites (G. Kantvilas pers. comm.) for these elements of the flora 
within the TWWHA include: 

• Waldheim/Weindorfers Forest, Cradle Valley 

• Mt Sprent 

• Pelion Plains 

• Little Fisher River 

• Schnells Ridge. 



30 

 

 

Macrofungi 
 

G. Gates and D. Ratkowsky (pers. comm.) have undertaken surveys and collected 
extensively for macrofungi at many sites in Tasmania (Appendix 3), but only one of these 
sites, at Lake St Clair, (with eight repeat visits) falls within the TWWHA. Nevertheless 
they list a number of other relevant sites of potential use for climate change monitoring. 
 

Recommendation 7: Non-vascular plants and fungi: Maintain liaison with non-vascular 

plant botanists to facilitate early detection of climate change signals arising in these 

plant groups. 
 

Communities to monitor 

 

Terrestrial  

 

There are many different vegetation communities found within the TWWHA, as 
recognised by the various classifications of the major vegetation types: alpine vegetation 
(Kirkpatrick 1982), rainforest (Jarman et al. 1991), wet eucalypt forest (Kirkpatrick et al. 
1987), dry sclerophyll vegetation (Duncan and Brown 1985), swamp forests (Pannell 
1992) and coastal vegetation (Kirkpatrick and Harris 1995). It is impractical to attempt to 
monitor each and every one of these in any detail. Accordingly, as suggested above for 
species, a risk management framework and prioritisation process is required to facilitate 
understanding of the places and key vegetation communities to monitor in detail, and 
which can be treated as part of a more general surveillance program.  

A start to this process is given here in part from suggestions made at the workshop and 
subsequent discussions held as part of this consultancy (Appendix 1). Communities 
suggested at that workshop were: 

Alpine: snow-patch, cushion moorlands, conifers, herbaceous/woody balance, fagus 

Subalpine: eucalypts, conifers, dominance/gene frequency shifts, distributional change, 
including treeline dynamics, grassland/woodland composition and fluxes, Sphagnum 
communities 

Rainforests & Wet forests: tall wet eucalypt forests and rainforests, including conifer 
forests 

Moorlands: herb/woody balance, hydrology, fire regimes, restricted ecosystems e.g. 
alkaline pans (Brown et al. 1982)  

Coastal communities: (see also Rudman et al. 2008): marsupial lawns, dwarf littoral 
rainforest, shrubland and heaths, sand-binding coastal grasslands and wetlands. 
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Monitoring programs for some aspects of these communities are already in place and are 
detailed below. Additional programs are needed to provide more comprehensive 
coverage and some suggestions for these are made later. 
 

Freshwater ecosystems 

 

Monitoring programs should also consider riparian terrestrial vegetation and the 
vegetation of wetlands. Some relevant programs are already in place for the larger rivers 
(Lower Gordon River and associated freshwater ecosystems) and for streams and 
catchments in the Warra LTER site, and at Gelignite/Condominium Creeks. The 
Conservation of Freshwater Ecosystems database (CFEV 2008) identifies areas and 
ecosystems within the TWWHA of high conservation value, including for their 
vegetation and flora values. This database should be evaluated to prepare a risk 
management framework for evaluation of monitoring needs beyond those already in 
place. The TWWHA team should also evaluate the use of the Tasmanian River Condition 
Index (http://www.dpiw.tas.gov.au/inter.nsf/WebPages/LBUN-4YG9G9?open  (B. 
Graham pers. comm.), a program which has been set up under the auspices of NRM to 
provide a means of ongoing condition monitoring for a range of in-stream values 
associated with catchments, but also including riparian vegetation. The system could 
readily be applied on selected rivers and streams at key monitoring sites within the 
TWWHA to complement existing establishment sites outside the TWWHA.  
 

Marine 

 

A monitoring system has been proposed for the key marine systems within the TWWHA 
especially at Port Davey (Edgar et al. 2007) and should be taken up. Whether or not there 
is a need for special purpose monitoring for marine vegetation over and above that 
already being recommended and/or undertaken for marine ecosystems within the 
TWWHA should be investigated. 
 

Other vegetation monitoring 

 

Some specific suggestions are made above for monitoring of vegetation. In addition 
routine surveillance of diseases, grazing, weeds, dieback (drought and disease), gross 
changes in fire regimes, and community distribution, floristic composition and structure 
should be carried out across all vegetation as part of the normal duty of care of the 
conservation estate. 

Recommendation 8: Vegetation communities: 

• Maintain the existing program of monitoring at Mt Weld, Snowy Ranges, Pine 

Lake/Mickeys creek, the key fire study sites and coastal vegetation in the 

Southwest. 
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• Institute a routine aerial surveillance program using remote sensing and strategic 

flight transects in accordance with the recommendation on health surveillance. 

• Evaluate use of the Tasmanian River Condition Index for riparian vegetation. 

• Liaise with marine ecologists to ensure marine vegetation is adequately covered. 
 

Diseases, pests and weeds  

 

Diseases, pests and weeds already pose a serious threat to vegetation in Tasmania and the 
threat could be exacerbated by climate change. Some of these occur within the TWWHA 
and are already catered for by monitoring and management programs. However there are 
others which need to be addressed. Pinkard (2008) has produced a comprehensive review 
of those which are likely to affect forests available for harvest.  These effects are not 
likely to be limited to commercial forests and therefore need to be evaluated and relevant 
monitoring established within and adjacent to the TWWHA.  A summary of climate 
change scenarios, their effects on cool temperate forest – and the likely implications for 
pest and disease incidence is given in Appendix 4.  

Two examples of detrimental diseases currently found within the TWWHA and which 
have the potential to become more prevalent are the root-rot fungus, Phytophthora 
cinnamomi, and myrtle wilt, a disease caused by a fungus Chalara australis which kills 
the dominant myrtle trees in rainforest. 
 

Phytophthora cinnamomi 
 

This root rot pathogen attacks a wide range of species in the TWWHA and has been the 
subject of an ongoing monitoring management program (Anon. 2007). The TWWHA 
Management Plan and the Statewide Strategic Plan for the pathogen include 
identification and long-term monitoring of disease free management areas as well as 
long-term plots to monitor the effects and rate of spread in currently infected parts of the 
TWWHA. 

However the current management and monitoring paradigm is based on pathogen activity 
occurring at >7.50C annual temperature (600m altitude equivalent) and where soil 
temperatures are >120C, which excludes most uplands and areas of dense vegetation. 

There is therefore a need to incorporate monitoring of higher altitude moorlands and of 
denser vegetation in marginal situations e.g. at Bathurst Harbour, Scotts Peak and 
possibly other post fire sites in Phytophthora cinnamomi affected areas.  
 

Myrtle Wilt 
 

Chalara australis is a native fungal pathogen which attacks and kills myrtles, the 
dominant tree in much of Tasmania’s cool temperate rainforest. Myrtle is a keystone 
species in rainforest and thus of concern to monitoring for early detection of changes in 
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disease incidence, whether by effects which may be consistent with climate change or 
other reasons. It is known to spread by aerially borne spores which infect wounded stems, 
and also tree to tree by root transfer. It occurs naturally at low levels, but the disease is 
exacerbated by disturbances such as roading or damage from wind thrown trees. 
Packham (1991) established rate of spread plots in 1989-90 in affected areas throughout 
Tasmania, one of which is in the TWWHA. These plots are being used to monitor the rate 
of spread of the disease and have been measured at approximately five-yearly intervals.  

Packham (1991) also investigated the use of aerial transects within the TWWHA and 
calibrated them with on-ground surveys. The results indicated that myrtle wilt could be 
readily picked up in the canopy, but some deaths found on-ground were missed from the 
air. However the method is useful for broad scale surveillance and could usefully be 
repeated as part of a periodic monitoring program. More generally, the work by T. 
Wardlaw and others (T. Wardlaw pers. comm.) has demonstrated that an incidence of tree 
death at 0.1% is detectable from aerial photography. 
 

Conifer and Eucalyptus dieback on the Central Plateau 
 

The studies by Whinam et al. (2001) of Athrotaxis, and of Eucalyptus gunnii by Calder 
and Kirkpatrick (2008) focus on dieback and deaths in some very important and 
significant components of the flora values of the TWWHA. It is important to continue 
monitoring of these values in addition to taking whatever management steps that can be 
brought to bear to ameliorate the dieback. In fact there are a number of other programs on 
the Central Plateau such as the Sphagnum monitoring program (Whinam et al. 2003), the 
Central Plateau component of the TWWHA Weeds Management Strategy and the soil 
erosion rehabilitation works programs (P. Voller/M. Comfort pers. comm.), which could 
usefully be brought into an overarching Central Plateau monitoring program. 
 

Other pest and disease surveillance 
 

A systematic framework and program for the routine surveillance of the health of 
TWWHA forest is urgently needed, for the early detection of existing threats as well as of 
those consistent with the effects of climate change. Wardlaw (2007) reports that studies 
and long-term experience in Tasmania and New Zealand have demonstrated that 
incidental observation by casual observers cannot be relied upon to provide early 
detection, and that surveillance requires experienced observers. As noted above T. 
Wardlaw (pers. comm.) has also observed that tree death can be monitored on aerial 
photographs at an incidence of 0.1% (1 tree per thousand). A full scale program of aerial 
and ground surveillance would be very expensive. However since disease outbreaks can 
readily be picked up from the air, a program could be based around use of aerial 
photography, a few carefully selected aerial transects and making use of the opportunities 
offered by other existing programs.  

There are a number of programs relevant to the TWWHA that involve the impacts and 
potential impacts of pests and diseases. A statewide health surveillance program has been 
established by Forestry Tasmania. Its focus is on plantations, but nevertheless, it is of 
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direct relevance to TWWHA monitoring, particularly in those plantation areas which abut 
or are nearby the TWWHA. Although the plantation species being monitored are the 
introduced E. nitens and the native E. globulus, which only has sporadic (but significant) 
populations within the TWWHA, they are affected by the same suite of insect pests as 
species which do occur within the TWWHA. Indeed E. regnans, E. obliqua and E. 
delegatensis are preferred hosts of chrysolmelid beetles to the extent that they are used as 
trap trees and indicators in plantation environments. If conditions are such that health 
surveillance provides early detection of pest outbreaks, then these may provide 
significant early warning for TWWHA forests also.  

This assumption needs to be tested, but may provide significant cost savings to the 
TWWHA over initiating a parallel specific monitoring program.  
 

Recommendation 9: Pests and Diseases 

• Phytophthora cinnamomi: Maintain current program and incorporate 

surveillance for Phytophthora cinnamomi into other place-based vegetation  
programs.  

• Myrtle wilt: liaise with Forestry Tasmania over Rate of Spread program; 

investigate use of historic and current aerial photography to assess changes in 

incidence; re-survey aerial transects of Packham (1991). 

• Establish liaison with Forestry Tasmania to get results from their annual surveys 

as part of an early warning system for pests and diseases in TWWHA eucalypt 

forests.  

• Investigate establishment of a stratified aerial monitoring sampling system based 

on the approach used by Forestry Tasmania but targeting vulnerable ecosystems 

in the TWWHA. 

• Maintain existing conifer monitoring program on Central Plateau, and expand it 

to include eucalypts, Sphagnum and major shrub dominants and drought effects. 
 

Weeds 
 

Weed species in the TWWHA are currently managed according to the TWWHA Weed 
Management Strategy which nominates high risk species and evaluates likely weed 
impacts, under current climate regimes. It is not intended to be changed until more 
refined climate change models are available or effects become clearer (T. Rudman pers. 
comm.). The current strategy of only dealing with weeds that are a direct threat to assets 
and/or that are potentially serious but of limited/restricted extent seems practical and 
sound. Spot records of weeds are recorded by DPIW on the NVA to provide a weeds data 
base, whereas PWS have operational level databases and maps of degree of weed 
infestations and mapped areas that can be used to gauge spread. Examples include the 
New Zealand Carex species on the eastern border of the TWWHA in the Huon area, sea 
spurge on western and south-western beaches, pampas grass and blackberries in the 
western rivers, ragwort in the western lakes area of the Central Plateau and holly in 
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western Tasmania, as well as legislated problem weeds such as gorse. However a 
monitoring brief is also required to pick up potential future problems not currently in 
Tasmania e.g. Didymo, an algal weed having a devastating effect on wild rivers in New 
Zealand and which could arrive in Tasmania relatively easily for example by being 
accidently vectored by anglers (P. Voller pers. comm.). There may also be issues with 
threshold effects such that weeds not currently recognised as high threat become more so 
under climate change. For example species currently having a low incidence or impact in 
wet forests or alpine environments may become serious pests after fire or in a drying 
environment. The current weed management strategy appears sound but monitoring 
should be kept in place to provide early warning of the need to change priorities. There 
has been some remapping over the last 18 years since the original benchmark mapping 
and this will become more important if change accelerates (T. Rudman pers. comm.). 
 

Recommendation 10: Weeds:  The current weed management strategy should be 

maintained and a schedule developed for periodic stratified surveys for weeds addressing 

high risk sites across the major biophysical domains of the TWWHA.  
 

Important ancillary information for monitoring of vegetation 

 

The workshop and subsequent discussions have identified a number of key monitoring 
issues that are of direct relevance to monitoring vegetation for climate change. 
 

Climate and weather data 
 

A high priority should be accorded to gaining better information about the climatic 
patterns within the TWWHA as well as about anticipated changes. Improved modelling 
of fine-scale patterns at local scales is needed and would be facilitated by the calibration 
of weather and climate patterns in existing and proposed areas of monitoring interest. To 
some extent this type of information gathering is occurring already at major infrastructure 
sites such as Warra LTER site, Cradle Valley, Melaleuca and Strathgordon, but much 
useful additional information could be gained at other proposed monitoring sites by the 
judicious use of relatively cheap long-term data loggers to assist in the determination and 
calibration of local microclimatic variation. The PWS maintain accurate fire weather 
records based on BoM data and their own observations, including the incidence and 
extent of lightning-caused fires. The PWS portable fire weather station could also assist 
in the development of local weather/climate models. 

At the broader management scale, Nunez et al. (1996) have undertaken a calibration of 
long-term rainfall across the TWWHA and their method could be repeated using more 
data points and sites and at suitable intervals to provide another change detection method. 

One of the major impacts that climate change is likely to have is on changing the levels 
of water availability and consequently of increasing intensity, duration and altered spatial 
distribution of drought. A monitoring program should be built around this theme. The 
best current information suggests that drought effects are likely to be most severe on the 
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Central Plateau, as witnessed by the drought deaths of E. gunnii populations (Calder and 
Kirkpatrick 2008) as well as conifers (Whinam et al. 2001) and understorey shrubs (M. 
Hovenden pers. comm.).  Whilst it is important to prioritise work in this part of the 
TWWHA, it is also necessary to remain aware that climate change effects may be found 
to be occurring in other places, so that some form of surveillance system is also needed 
elsewhere in the TWWHA. The understanding of the history of droughts is a key piece of 
information in the face of climate change scenarios, to provide a basis for understanding 
whether the status of current droughts falls within or outside the range of past drought 
events. Thus it is important to develop models or means of reconstructing drought 
histories. One relatively cheap way of gaining such an insight comes from 
dendrochronological studies. The conifers King Billy Pine and Pencil Pine are ideally 
placed subjects to provide relevant information.  
 

Fire data 
 

Fire is a basic component of the ecology of most of the vegetation and flora of the 
TWWHA. The patterns of fire have had significant effects in the landscape over the 
millennia and more so recently since the advent of Europeans. Fire is a pervasive 
influence especially for fire sensitive vegetation because management for its survival has 
largely been an issue of protection from wildfire. Thus understanding fire regimes is 
basic to understanding and managing the TWWHA. 

Information about the fire history, as well as current wildfire incidence and extent 
becomes even more necessary if the effects of climate change are to be assessed in any 
meaningful way. Along with drought, changes in fire regimes are likely to be one of the 
most obvious and severe impacts of climate change on the vegetation of the TWWHA. 
Evaluation of fire history information will assist in assessing the post-fire successional 
relationships among species and communities and this knowledge is essential to an 
understanding of whether detected changes are part of the normal succession processes as 
seen in the past, whether they are exacerbated by climate change or whether the observed 
changes fall outside the range of successional pathways observed in the past. Much of 
this information needs to be ensconced into a landscape scale research and management 
program, but there is considerable value to be gained from an evaluation of existing fire 
regimes and patterns at proposed long-term monitoring sites for climate change. 
 

Identification of key refugia 
 

As well as, the direct effects of changing climates and CO2 levels, many of the effects of 
climate change will be realised through the impacts of altered fire regimes and changes in 
the prevalence of pests, weeds and diseases.  Some preliminary work has been done 
during the RFA to identify key refugia from current adverse impacts and this 
incorporated the work of Kirkpatrick and Fowler which identified past glacial refugia.  A 
process needs to be adopted to identify putative refugia under critical climate change 
scenarios as they become available and to establish suitable representative monitoring 
sites if they are not already catered for by the currently proposed monitoring network. 
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Hydrology, geomorphology and soils data 
 

The measurement and interpretation of climate change signals for vegetation and flora 
values would be greatly enhanced by the collection of relevant data on hydrology, 
geomorphology and soils and from the physical environment. Such information is also 
useful for those attributes in their own right, but also may complement vegetation data.  

Hydrological data are collected at a number of sites throughout the TWWHA by Hydro 
Tasmania, chiefly associated with hydrological impoundments. There are three research 
weirs established at Warra LTER site and one each at Gelignite Creek and the associated 
control catchment on a tributary of Condominium Creek. At this stage no other sites are 
recommended for establishment for evaluation of climate change on vegetation values, 
although they may be needed for other reasons. However there would be useful 
information to be gained by the establishment of water–table testing and data loggers at 
existing and proposed vegetation monitoring sites on peat soils. A better understanding of 
carbon budgets and peat dynamics is fundamental to understanding the long-term ecology 
of moorlands especially in the face of climate change effects. 
 

Recommendation 11: Use of ancillary data and monitoring systems 

• Investigate the use of data loggers for recording basic rainfall, temperature and 

soil water tables at key long-term monitoring sites.  
 

When to monitor 

 

Timing is an important component of a strategic monitoring program.  Knowledge about 
current levels of change, altered rates of change, the occurrence of thresholds and stepped 
changes may all influence current and future priorities for monitoring and management 
(T. Rudman pers. comm.).  If monitoring is too infrequent, important signals may be 
missed, but it is not cost effective to monitor too frequently or to monitor everything at 
the same frequency.  Therefore a balance has to be reached, and this will depend in large 
part on expert opinion about the likelihood and timing of observable change and on the 
perceived priority of the particular aspect to be monitored compared with other 
components and places.  Thus timing of monitoring is a key aspect of a program but 
needs to be built explicitly into the overall monitoring protocol at the program level. 
 

Where to monitor 

 

Deciding where to monitor depends on the nature of the object(s) to be monitored and its 
spatial scale of occurrence. Thus monitoring should be done at multiple scales. For 
example monitoring for fire incidence and severity should and does occur across the 
whole TWWHA, and aerial photographs can be used to provide broad-scale indications 
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of change over infrequent time intervals say 5-10 yearly. This could be done on a 
stratified random basis, overlain by knowledge of severe events that may have occurred 
in the intervening period. 

The main targets for the vegetation program with respect to climate change are more 
restricted and a number of key sites can be suggested that will provide the proximal needs 
for targeted monitoring, but also provide a framework for a comprehensive coverage of 
the TWWHA. 

Figure 3 is a map of relevant past study sites within and adjacent to the TWWHA. Some 
of these sites are difficult to access and offer little advantage in the values for monitoring 
and so have been excluded at present. However they are shown here because they may 
become of value in the future. 
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Figure 3: Location of previous vegetation study sites within and adjacent to the     

TWWHA 
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A reduced number of monitoring sites targeting key issues across the TWHHA after a 
first cut risk analysis to values is set out in Table 1 and Figure 4. They target most of the 
existing monitoring sites plus some areas suggested to fill gaps in the existing program. 
In addition there are a number of sites which need to be visited periodically as part of the 
programs for monitoring weeds, Phytophthora, myrtle wilt and threatened plant species 
such as those found on the northeast ridge of Mt Anne. These should also be incorporated 
into an ongoing monitoring program. 
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Table 1: Suggested areas for long-term monitoring of flora and vegetation 

Area Vegetation Other studies Comment 

Warra LTER site Alpine, tall eucalypt 
forest, moorland, 
riparian, conifers 

Zoology, hydrology, earth 
sciences C and nutrient cycling, 
climate station, altitudinal 
gradient, genetics, CFI plots 

A well established 
accessible long-term 
site  

Central Plateau 
(including Walls of 
Jerusalem National 
Park) 

Subalpine, alpine, 
conifers, Sphagnum  

Erosion, soils, fire, hydrology, 
climate station, genetics 

Disparate locations 
in the area including 
some outside the 
TWWHA 

Central Tasmania: Mt 
Rufus, Navarre/King 
William Plains 

Alpine, moorland, 
woodland, conifers 

Fire, zoology, snow records  

Mt Sprent Moorland, alpine Climate, geomorphology, 
bryophytes and lichens, 
altitudinal gradients 

 

Cradle Valley, Pelion 
Plains 

Moorland, alpine 
subalpine, conifers, 
Sphagnum  

Climate, zoology, 
geomorphology 

Long-term photo 
records, WEBS  

Melaleuca environs Moorland, coastal 
alpine, forest scrub 

Soils, zoology, fire, threatened 
species, altitudinal gradients 

Long-term photo 
records 

Lower Gordon/Olga 
valley 

Moorland, riparian, 
rainforest, conifers 

Soils, hydrology, erosion Long-term photo 
records 

Mt Read/Mt Hamilton Alpine, conifers, 
rainforest, moorland 

Palaeo/palyno/dendrochronology, 
fire history  

 

Gelignite 
Creek/Condominium 
Creek  

 

Moorland Hydrology, soils, 
geomorphology, fire 

 

Mt Field Alpine, conifers, 
forest, Sphagnum 

Zoology, dendrochronology, fire 
history, palynology, snow 
records, climate records  

Altitudinal sequence 
of vegetation 

Vale of Belvoir Alpine grasslands, 
forest-grassland 
ecotones  

Geormorphology, Karst, fire 
interactions, threatened species, 
grazing 

 

Hill One/Moonlight 
Ridge 

Fjaeldmark and 
other alpine 
vegetation 

Soils, geomorphology, weather 
data 

Altitudinal sequence 
of vegetation 
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 Figure 4. Map of recommended sites that should form the focus for long-term 

monitoring programs of flora and vegetation within the TWWHA.  
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Existing DPIW monitoring programs within the TWWHA 

 

There are a number of relevant monitoring programs already in place within the 
TWWHA.  
 

Impacts of dieback on conifers and other vegetation at Pine Lake (1994) 
 

This program was established to monitor the effects of dieback observed in Athrotaxis 
and other vegetation from the early 1990s. The study uses a plotless technique of tagged 
plants from 13 species located at seven affected and two control sites (Whinam et al. 
2001). The monitoring of sites has been ongoing.  
 

Rabbit control at Strathgordon (1995) 
 

A small study of the vegetation within and outside enclosures was established in 1995 as 
part of the Strathgordon rabbit population eradication program, which began 
subsequently in 1998. Two 10 x 10 m areas were fenced to exclude wallabies and rabbits, 
two further sites allowed entry by rabbits but excluded wallabies, and two areas were left 
unfenced. Plant species abundance, cover and height were recorded at each site and 
monitored in 1995, 1997, 1998 and 2000 (Driessen 2001).  
 

Orange Bellied Parrot recovery plan: distribution and abundance of food plants at 

Birches Inlet, western Tasmania (1995) 
 

A study was undertaken in order to identify the distribution and abundance of plant 
species/communities utilised by Orange-Bellied Parrots (OBP) and to assess the 
implications for future management practices. Six permanent transects (107 m long) and 
six temporary transects (50 m long) were established. Each transect consisted of 2 x 2 m 
quadrats placed at five m intervals along the transect. Transects were located so as to 
cover as wide a possible range of potential foraging sites for the parrots. Vegetation 
cover, recorded in Braun-Blanquet classes, were also collected from 15 20 x 20 m 
quadrats at various locations within the study area, to provide a general indication of the 
vegetation for particular sites.  
 

Warra – Mount Weld altitudinal transect ecotonal and baseline altitudinal monitoring 

plots (BAMP): Establishment report (2004) 
 

Four altitudinal transects were established on the slopes of Mount Weld to collect 
baseline data with which to monitor the geographic, altitudinal and seasonal effects of 
climate change. Most of the study area lies within the Warra LTER site, part within State 
Forest and part within the TWWHA. The transects span an altitudinal range from 100 m 
to 1,300 m and encompass eucalypt forests in various stages of succession, as well as 
subalpine communities above the treeline. Vegetation cover was recorded within 1 x 1 m 
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subplots located within a series of 10 x 10 m plots along the transects. Vascular plant 
species cover was recorded using a modified Braun-Blanquet index. The percentage 
cover of non-vascular plants, ground litter, total projected foliage cover of live 
vegetation, total projected foliage cover of dead vegetation, percentage bare ground and 
percentage rock cover and percentage of standing/running water was also recorded for all 
sub-plots. Invertebrate and bird surveys were conducted along some of the transects. 
Plots were also established along the routes of the transects to sample the following 
ecotones: Eucalyptus obliqua mixed forest to wet forest (adjacent to Transect A at 320 m 
altitude); E. obliqua - E. delegatensis and E. delegatensis - E. subcrenulata/E. nitida 
(adjacent to Transect A at 680 m altitude). Plots were 200 m long by 10 m wide, and each 
was aligned with its long axis spanning the greatest elevational range. Each plot was 
subdivided into 20 plots of 10 x 10 m each. These plots were surveyed between 
November 1999 and January 2000. For trees greater than 10 cm in diameter within each 
plot, the location, its diameter, height and species was recorded. 
 

The impact of fire on species diversity and dominance in eastern moorland, Central 

Plateau Tasmania. King William Creek baseline study (1999) 
 

The sites at King William Creek have been established in order to determine the long 
term effect of different fire intervals, burn season and intensity on plant species diversity, 
dominance and rates of species recovery within typical moorland communities. The King 
William Creek sites represent the higher altitude, nutrient-rich component of the 
moorland spectrum within the TWWHA. Permanent grids were established in 1999 on a 
plain last burnt in 1987. The site consists of six permanent plots (50 x 50 m), of which 
three were burnt in April 1999, with the remaining three acting as controls. Each grid 
contains 16 pitfall traps and a 2 x 2 m vegetation quadrat. Within each vegetation quadrat 
a list of the plant species was recorded together with an estimate of their projected foliage 
cover using a modified Braun-Blanquet index. The height of each species was recorded 
by choosing an individual that was considered typical of that species. Nutrient analysis 
was conducted for one sample within each grid.  
 

The impact of fire on species diversity and dominance in blanket moorland, south-

western Tasmania. Airstrip Road baseline study (2000)  
 

Sites at Airstrip Road like those at King William Creek, were established to determine 
the long term effect of different fire intervals, burn season and intensity on plant species 
diversity, dominance and rates of species recovery within typical moorland communities. 
The Airstrip Road sites represent lowland blanket moorland, which is widespread in 
western Tasmania. Permanent grids were established in buttongrass that was last burnt in 
1972. The site consists of six permanent grids (30 x 30 m), three of which were burnt in 
April 2001, with the remaining three acting as controls. Each grid contains 16 pitfall traps 
and a 2 x 2 m vegetation quadrat. Within each vegetation quadrat a list of the plant 
species was recorded together with an estimate of their projected foliage cover using a 
modified Braun-Blanquet index. The height of each species was recorded by choosing an 
individual that was considered typical of that species. 
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Further investigations into the impact of fire on species diversity and dominance in 

blanket moorlands in South-western, Tasmania (1990)  
 

This study consists of an examination of four sites of different ages along the Scotts Peak 
and Gordon River roads and aims to determine the long term effect of different fire 
intervals on community composition, species diversity and dominance. It uses four sites 
initially established in 1990 as part of research into the dynamics of moorland to wet-
forest boundaries. The same sites were revisited in 2000 with the aim of examining how 
the floristics of the moorland vegetation may have changed with age and to identify any 
differences between the sites which may be age related. At the time of survey, the four 
sites had a range of fire ages from two to 50 years. At each site three or four transects 
were established, each transect consisting of between eight and 12 contiguous 2 x 2 m 
plots. The transects were orientated to run at right angles to the moorland/wet forest 
boundary. Although the methodology used in 2000 replicated that used in 1990, the 
transects were not precisely relocatable. Within each quadrat a list of plant species was 
recorded together with an estimate of their projected foliage cover. In the case of visit 
one, cover was recorded using the Braun-Blanquet cover index. At visit two absolute 
cover values were recorded. A crude estimate of the height of each species was obtained 
by subjectively choosing and measuring a ‘typical’ individual within each quadrat. Soil 
characteristics were also recorded.  
 

Vegetation monitoring in buttongrass moorland at Lake St Clair and Lake Pedder as 

part of an investigation into the effects of fire on invertebrates (2004) 
 

A space-for-time experimental design was established in buttongrass moorlands around 
Lake St Clair (25 sites) and Lake Pedder (19 sites) to investigate the impacts of fire. As 
part of the study, vegetation floristics and density were recorded in a standardised 
manner. The design at Lake St Clair had good replication of age classes and there was 
good dispersal of age classes across the study area. At Lake Pedder, the design was 
hampered by limited replication of some age classes and limited dispersal of age class 
across the study area. At each site seven pitfall traps were set for invertebrates in a ‘star’ 
pattern and this formed the basis of the vegetation monitoring. All vascular plant species 
were identified and their cover and average height recorded. All non-vascular plant 
species were identified as far as practicable. The percentage cover of bare ground, litter, 
thatch, rock, pools, or other features that occurred were also recorded. Indices of 
vegetation height and density were recorded for each site using a 100 cm tall by 50 cm 
wide board marked with 200 squares. 
 

Lower Gordon River monitoring programs 
 

1. Lower Gordon River bank erosion monitoring (1987) 

A program was established in 1987 (L. Gilfedder pers. comm.) to monitor erosion of 
river banks and associated vegetation loss caused by boat wakes. This program is on-
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going and measures some attributes of vegetation as well as bank erosion by use of plots 
and photo points (M. Comfort pers. comm.).  
 

2. Basslink monitoring program – Gordon River Basslink monitoring (2005)  

The Gordon River Basslink monitoring program monitors hydrology and water 
management, water quality, fluvial geomorphology, karst geomorphology, riparian 
vegetation, benthic macro-invertebrates, benthic algae and moss, and fish. Riparian 
vegetation monitoring is undertaken along the banks of the Gordon River to characterize 
the riparian vegetation and determine whether Basslink operations are resulting in 
changes. Specifically, the aims of the riparian vegetation monitoring program are to:  
characterise and monitor abundance and composition of vegetation at permanent plots 
along the Gordon River; relate changes in vegetation abundance and composition to 
changes in water flow regime if possible; and to assess these results against a set of pre-
Basslink baseline condition measurements. 

The riparian vegetation component of the Basslink monitoring program collects data on 
the cover and abundance of existing vascular riparian species at permanent plots located 
in the middle Gordon River and in two reference rivers, the Franklin and Denison. The 
field data collection includes assessment of seedling recruitment and vegetation cover in 
permanent plots and photo–monitoring on the Gordon, Denison and Franklin Rivers. 
Bank sampling sites were established in four of the five zones of the Gordon River. At 
each site one permanent transect, comprising eight 1 x 1 m quadrats, was established. 
Monitoring within these sites included assessment of ground species cover, seedling 
numbers, density of trees and shrubs, health of vegetation and habitat variables including 
substrate and aspect. 
 

Tall forest survey (1990) 
 

The aims of the field study undertaken during the year 1990 were to document and 
describe the tall forest communities of the TWWHA in terms of their structure, floristics 
and ecology. In particular the relationships between these communities and fire history 
were investigated to gain information that will assist in future fire management planning 
for the region. Forest patches were subjectively selected for sampling such that a full 
range of structural and floristic types of Eucalyptus obliqua and E. regnans forests 
greater than or potentially greater than 30 m were sampled. Plots consisted of a 20 x 20 m 
square divided into four 10 x 10 m subplots. These plots were not located in a permanent 
fashion. They were designed for long term monitoring. The following details were 
recorded for each site: 

• the abundance of each species present for each subplot using the Braun-Blanquet 
cover index 

• the height and cover of the tallest eucalypt strata 

• the height and cover of the secondary layers of eucalypts within the plot (if any) 
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• the height and percentage cover of each other vegetation strata and the percentage 
cover and identity of the species dominating each of these strata 

• the distance to the nearest mature age eucalypt (oldest age class) in each quarter 
direction from the plot centre and its circumference 

• the number and circumference of all eucalypt species within each subplot. If the 
number of younger age stems per subplot was low then the point centred quarter 
method was used to determine densities for the younger age classes of eucalypts 
as well as the most mature age class 

• the grid location, altitude and geological substrate were obtained from maps 

• the aspect and slopes were measured and recorded in classes. 

From a soil profile obtained by drilling a core with an auger the depth, pH, colour and 
texture of each strata were recorded. Two to three basal tree disks were obtained from 
non-rainforest trees with diameters less than 30 cm if they were available and their rings 
were then counted to assist with estimating the minimum age of the understorey.  
 

Mt Rufus treeline monitoring project (2005) 
 

The Mt Rufus treeline monitoring project was established in 2005-06 to collect baseline 
data on the location of the treeline, as well as floristic data on subalpine community 
structure. Invertebrate data were also collected as a component of this study, to gauge 
changes to the invertebrate pollinators. Three permanent belt transects of between 70 and 
100 m were established on both an eastern and western ridge face, perpendicular to and 
traversing the alpine treeline. Each transect was divided into 10 x 10 m quadrats to assist 
in tree mapping and vegetative cover estimation and recording. Within each quadrat an 
estimation of the cover of each vascular plant, bare ground, litter, rock and mosses and 
lichens was recorded. Trees (Eucalyptus coccifera) were individually located and 
recorded by quoting the distance along the transect (y-axis) and the horizontal distance 
from the main axis to the tree (x-axis). Photo points have been established along each 
transect and marked with a 50 cm steel dropper.  
 

Snowy Range treeline monitoring project (2009)  
 
The Snowy Range treeline monitoring project was established in 2009 to collect baseline data on 
the location of the treeline, as well as floristic data on subalpine community structure. No 

invertebrate data were collected for this project. Two permanent belt transects 200 m in 
length were established perpendicular to, and traversing the treeline on the Snowy Range. 
Transect A was on an east facing slope while Transect B was on a north-facing slope. 
Each transect was divided into 10 x 10 m plots with a nested 1 x 1 m subplot at 5-6 m 
along the main transect line. Vascular plant species cover was estimated by eye to the 
nearest percent, in all plots and subplots. The percentage cover of rock, bare ground, 
litter, mosses and lichens, and dead vegetation was also recorded within the 10 x 10 m 
plot and the 1 x 1 m subplot. Two soil depths were taken from random locations within 
each of the 1 x 1 m subplots. For each plot in which a tree species was recorded, an 
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estimation and map of the projected foliage cover was also made, as well as 
measurements of the tree height and circumference. The projected foliage cover of each 
individual was recorded by laying a 1 x 1 m grid, subdivided into 100 10 x 10 cm 
squares, over the tree species, and counting the number of cells in which the foliage 
occurred. In addition, for each Eucalyptus coccifera individual, the x and y coordinate 
was recorded. Photographs of each 10 x 10 m plot were taken as were photographs of 
each 1 x 1 m plot, from above.  
 

Dry coastal vegetation monitoring project (2008) 
 

The dry coastal vegetation monitoring project comprised the sections of the TWWHA 
coastline that were identified as vulnerable to coastal erosion (Sharples 2006). Cox Bight 
and New Harbour were chosen for the field sites for their accessibility, presence of 
threatened species and vegetation communities of conservation value as well as being 
representative of low energy sandy and cobble beaches that are vulnerable to increased 
erosion. Vegetation sampling was undertaken for two different purposes. One was to 
describe the existing variation in vegetation as a reference data set to guide broad scale 
vegetation mapping using low altitude digital photography. The second purpose was to 
establish long term monitoring transects and record some of the baseline data required for 
assessing the rate of change in vegetation over time. For the vegetation mapping, aerial 
photograph runs of the study areas were flown at 2000 feet and 2900 feet and the 
photographs then geo-rectified. Vascular flora were recorded in 1 x 10 m quadrats, 
subjectively selected on a stratified basis, so as to incorporate geomorphologically 
distinct parts of each beach and all common plant assemblages. For the long term 
monitoring, transect data were established in 2007 and used to assess change in 
vegetation in areas where geomorphic change was evident. One 30 m transect was 
established at each of the sites, perpendicular to the beach, with a series of 1 x 10 m 
quadrats arranged perpendicular to the transect, in which vascular plant species cover, 
evidence of recruitment and regeneration, general condition and health of vegetation, and 
other environmental and geomorphic variables were recorded. Vegetation community 
classification was required at a more detailed level than the standard vegetation 
community classification, TASVEG (Harris and Kitchener 2005). A classification with a 
higher level of community resolution based on high resolution digital photography was 
developed for the purpose. The vegetation community mapping was interpreted from the 
aerial photographs and mapped using MAPINFO Professional software, with 
communities then compared with the on-ground vegetation data from the quadrat 
surveys.  

 

Other Potential WHA vegetation monitoring sites 

 

There are a number of other sites at which studies which have been and/or are being 
conducted within the TWWHA and which have the potential to be used for ongoing 
monitoring. Their locations and some of their attributes are listed below, 
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Gelignite Creek/Condominium Creek (2005) 
 

These study sites were established to monitor the effects of prescribed burning on the 
hydrology and geomorphology of buttongrass moorlands (I. Houshold, E. Betts pers. 
comm.). Weirs are established at Gelignite Creek a catchment of 28 ha, which has 
recently been prescribe-burned, and in a 15 ha control catchment of a tributary of 
Condominium Creek. A series of 16 vegetation plots have been established within the 
treatment area, but no vegetation plots have been established in the control area. There 
are weirs and rainfall gauges at each site, and geomorphic and soil surveys have been 
undertaken in both areas. Basic water chemistry variables, turbidity and flow data are 
collected at each weir site. The sites are a potentially important adjunct to the TWWHA 
vegetation monitoring program for climate change and vegetation sampling should be 
undertaken within the control area. 
 

The Lower Gordon River scientific survey (1975-78) 
 

A comprehensive set of studies was carried out on the biophysical attributes of proposed 
impoundment areas and adjacent systems within the catchments of the Lower Gordon and 
Franklin Rivers. A complete set of the reports is held in the DPIW library. The study 
covered the range of potentially affected land forms and habitats including some selected 
freshwater systems, and included control sites outside the proposed impoundment area. 
Information was collected along 14 accurately surveyed transects having a total length of 
c. 30 km, covering geology, soils and geomorphology, fire history, vascular plants, 
lichens, vertebrates and invertebrates. A full listing of the sites and the study results is 
located in the DPIW library. 
 

South-western treeless mountains (1987)  
 

Kirkpatrick and Brown (1987) analysed altitudinal variation in vascular plant species 
composition of plots along gradients at Mt Counsel, Greystone Bluff, Propsting Range 
and Mt Norold in the far south-west of the TWWHA. The study showed a distinct break 
in species composition at known altitudes on each of the four mountains. The plots are 
not precisely relocatable, but the altitudes and aspects at which they were measured are 
known and the study could usefully be repeated to provide indicators of altitudinal 
change in species composition.  
 

Mt Sprent (1970s onwards) 
 

Mt Sprent has considerable potential to become a monitoring site because of its strategic 
location, relatively good access and the abundance of past studies done there. It is located 
near the Strathgordon dam site and has been the subject of a number of studies which 
provide information about climatic variables, soils, vascular plants, non-vascular plants 
and vegetation across a range of altitudes (Jarman 1987; Kantvilas 1987; Kirkpatrick et 
al. 1996; Bridle and Kirkpatrick 1997). 
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Moonlight Ridge/Hill One (1990s) 
 

A series of relocatable transects and plots have been established along an altitudinal 
gradient at this site. Data coverage includes vegetation, soils, geomorphology and some 
climatic variables (Lynch and Kirkpatrick 1995; Kirkpatrick et al. 2002a). 
 

Cradle Valley/Pelion Plains (1930s onwards) 
 

The botanical resources of the Cradle Valley area are comparatively well-studied, with 
vegetation plots, mapping and information having been collected about vascular and non-
vascular plants and macro-fungi. The area is one of the key visitor sites of the TWWHA 
and accordingly there is a long-established photographic record for the area. The Pelion 
Plains area was a focus for the directed research program and for the Wilderness 
Ecosystems Baseline Studies (WEBS) program (Appendix 5), and so there is 
considerable information about the botany of the area albeit without relocatable plots.  
 

Melaleuca Plains and Environs (1930s onwards) 
 

The Melaleuca Plains and surrounding areas have had a long history of botanical and 
zoological studies which are relevant to the present discussion. There have been 
vegetation studies for fire research, and as part of the orange-bellied parrot recovery 
program, as well as botanical studies (e.g. Lynch and Balmer 2004), and studies of 
Phytophthora cinnamomi damage using fixed and relocatable plots (e.g. Brown and 
Podger 1982; Brown et al. 2002; Marsden-Smedley 1988).  There have also been studies 
of the peats, peat mound formation and palaeo-botany (e.g. di Folco 2007). The coastal 
parts of the system are already included in the dry coastal vegetation and the marine 
ecosystems monitoring programs discussed above. The area has also been one focus for 
the TWWHA directed research program and the WEBS program (Appendix 5). The area 
remains an important focus for recreational visitation as well as habitation by the King 
family and accordingly has a potentially long record of useable photo points. This 
plethora of background information, relative accessibility of the area and its strategic 
location make it an important area for incorporation into a climate change monitoring 
network of sites.  
 

Other studies which may provide useful additions to the vegetation 

monitoring program 

 

Walking track erosion monitoring sites 
 

There are a number of these sites established within the TWWHA for the monitoring of 
erosion and rehabilitation (G. Dixon, M. Comfort pers. comm.). Photo points at these 
sites could be used to monitor vegetation and geomorphic changes. 
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Species inventories at particular locations 
 

There are many other botanical surveys and records of plant species within the TWWHA. 
A complete listing of all the relevant references is given in the bibliography. For 
example, an all but exhaustive survey of the alpine floras of the mountain tops of the 
TWWHA has been conducted by J. Kirkpatrick. These data are very useful for gauging 
broad scale patterns of change over long time frames. Where the records have been 
accompanied by fertile voucher specimens they may also provide the opportunity to 
monitor for phenological change over time (cf. Gallagher et al. 2009). Such detailed and 
site specific collection inventories have been made within the TWWHA in the Eldon 
Ranges, on the West Coast strip from Point Hibbs to Port Davey, (including coastal 
vegetation, moorlands scrub and forest vegetation) and at Deadmans Bay-Wilson Bight 
(A. Buchanan pers. comm.). 
 

Herbarium records for target taxa 
 

If suitable target species are identified from field work or other sources, then the 
reference specimens of those species held at the herbarium may provide useful long term 
phenological data. These records may need to be treated with circumspection for climate 
change analysis because assiduous collectors may well have collected out of season ‘the 
only piece of fertile material in the area’. However herbarium records may provide useful 
collaborative information for other studies. 
 

Recommendation 12: A formal set of key monitoring sites be established to inform 

climate change research as priorities for ongoing monitoring. Existing sites include the 

Central Plateau, Warra LTER site, Snowy Ranges, Mt Rufus/King William/Navarre, 

Strathgordon Road and riparian Lower Gordon River. Additional recommended sites 

include Melaleuca and environs, Cradle Valley/Pelion Plains, Gelignite 

Creek/Condominium Creek. Other sites recommended for investigation include a sub-set 

of the Lower Gordon River scientific Survey sites, Hill One/Moonlight Ridge and Mt 

Sprent. 
 

Relevant monitoring/ecological research programs outside the TWWHA 

 

There are a number of external programs relevant to climate change monitoring within 
the TWWHA, and for which liaison should be established and/or maintained, by DPIW. 
They are listed below. 
 

Warra LTER site (established 1995) 
 

This site lies within and adjacent to the TWWHA. Much of the research and monitoring 
work being conducted there can assist the understanding of climate change effects and 
has direct relevance to TWWHA concerns. TWWHA and relevant specialist staff within 
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DPIW have direct associations with some of the programs, and should ensure that 
effective liaison is maintained with the other organisations and staff undertaking the 
research and monitoring. 

A full listing of programs at the Warra LTER site is available at www.warra.com but 
some of the major relevant programs there include the following:  

• baseline altitudinal monitoring plots: soils, vegetation, fauna, tree genetics 
(discussed above)  

• species water relations: including use of dendro-ecological methods and 
dendrometer bands 

• other biodiversity studies 

• 19 Continuous Forest Inventory (CFI) plots established since 1969 and re-
measured 10 yearly 

• wildfire reference sites (includes Warra LTER site and other places in the 
Southern forests) 

• three hydrology sites with calibrated weirs 

• litter and coarse woody debris decomposition rates 

• nutrient cycling and carbon fluxes 

• two meteorological stations at 125m and 500m elevation. 
 

Continuous Forest Inventory Plots (Forestry Tasmania) 
 

Forestry Tasmania has instituted and maintained a stratified random system of relocatable 
forest inventory plots. The plots, established in the 1960s and 1970s, are 0.1 or 0.2 ha, 
and were measured at establishment, after five years and ten-yearly subsequently. 
Changes in land allocation have meant that some plots now lie within the TWWHA and 
others are in adjacent state forest outside the TWWHA. Basic information about the 
major species and the diameters of all stems over 10 cm diameter has been collected, as 
well as height and cover data and information about the local environment. Some of these 
plots have had up to five remeasurements after establishment (e.g. Brown 1998). 
Information about their locations is at Forestry Tasmania. The potential value of some 
strategically located plots for incorporation into an expanded climate change monitoring 
system should be investigated.  
 

Soil conservation and evaluation monitoring scheme (DPIW) 
 

This scheme consists of 300 sites across Tasmania established to measure and monitor 
detailed information on soil characteristics and condition (P. Voller pers. comm.).  The 
sites include many that are in natural vegetation benchmark sites as well as on 
agricultural lands. The potential for this program to include parts of the TWWHA and its 
relevance for climate change monitoring needs further investigation. 
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Survey and classification of Tasmanian organic soils (2007) 
 

Organic soils underlie much of the TWWHA and are an important sink for the 
sequestration of carbon.  Tasmanian organic soils have been classified into 20 classes by 
di Folco (2007).  Her classification is based on four characteristics of the lower soil 
horizons, viz: carbon content, humification type, nitrogen content and horizon depth.  The 
total statewide stored carbon amount in these soils has also been modelled by di Folco 
(2007), using a secondary classification based on broad vegetation types and 
physiographic factors.  This analysis should be re-done to gain an estimate of the 
TWWHA contribution. 

The statewide classification is based on 127 sites, many of which are within the 
TWWHA.  The set of relocatable monitoring sites recommended below should 
encompass the full range of organic soil classes and vegetation types recognised by di 
Folco and so should provide a useful basis for ancillary monitoring of soil carbon storage 
and fluxes.  Some further work is needed to establish the validity of this approach and to 
suggest places which might be needed to fill any apparent gaps. 
 

Sphagnum Monitoring on the Central Plateau (DPIW) 
 

A monitoring study of the impacts of harvesting of moss on Sphagnum ecosystems was 
established in 1995 and is ongoing (J. Whinam pers. comm.). A number of non-harvested 
sites have been established both within and outside the TWWHA and form a useful basis 
for ongoing monitoring for climate change effects as well as for their initial purpose.  
 

Altitudinal and alpine long-term study sites outside the TWWHA 

 

There are five key sites outside of the TWWHA, where relevant vegetation studies have 
been done. They are the Vale of Belvoir, Mt Read, Mt Field, Mt Wellington, and Ben 
Lomond. Each has complementary base information of significance to the TWWHA. As 
well as providing a useful set of adjunct information the four mountains have the 
advantage of ready accessibility and for several reasons offer useful early indicators of 
likely change within the TWWHA.  
 

Vale of Belvoir  
 

The Vale of Belvoir is approximately seven kilometres west of the Cradle Mountain 
Road/Cradle Mountain Link Road intersection in north western Tasmania  

The area has been used for studies of alpine grasslands and forest-grassland ecotones, as 
well as fire interactions and grazing studies. The area has significant geomorphological 
values including karst. One of the major studies to occur at the Vale of Belvoir is outlined 
below.  
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Six exclosure and six control sites were established in the Vale of Belvoir in 1992. Each 
site is 6 x 6 m with each control plot adjacent to an exclosure. At each site two quadrats 
measuring 1 x 1 m were established 1.5 m inside, and parallel to, the boundary and 
marked with a single stake in the corner nearest to the boundary post. Percentage cover of 
vascular plant species was recorded within each quadrat using the point-intercept method. 
A total of 24 quadrats (4 quadrats in 6 sites) were established and recorded. The sub-
division of each quadrat into quarters effectively results in 96 monitoring sub-quadrats. 
Aspect, soil depth, soil pH and vegetation structure was also recorded for each site.  
 

Mt Read/ Mt Hamilton 
 

The area around Lake Johnston on Mt Read and the nearby Mt Hamilton are key 
botanical sites for gathering an understanding of past climates and also for indicating 
likely future changes. The vegetation has been extensively studied by M. Peterson, who 
has reconstructed the fire history of the area and also assisted in the dendrochronological 
work which has been undertaken there. The site lies to the west of the northern part of the 
TWWHA and is thus ideally located to provide strategic coverage across the TWWHA. 
Part of the area lies within a State Reserve so records of all information collected should 
be logged on the NVA.  
 

Mt Field 
 

The following long-term programs, data sets and studies within the Mt Field National 
Park may prove to be significant assets for monitoring likely climate change effects that 
are relevant to similar environments within the TWWHA. 

• Plots were established in cushion plant communities and snow patch communities 
by J. Kirkpatrick in 1982 and measured subsequently every five years by Gibson 
and Kirkpatrick (1985; 1992). These study sites form an invaluable resource 
dealing with the dynamics of bolster moor communities and snow patches and 
provide a useful baseline for monitoring these vegetation types under conditions 
of climate change. 

• In 1976, Ogden and Powell (1979) described the variation in vegetation with 
altitude. Most of the study plots are probably relocatable (C. Harwood pers. 
comm.) and could be re-surveyed periodically to monitor and assess changes. 

• In 1989/90 P. Barker examined the changes in the autecology of celery-top pine 
along an altitudinal gradient within the Park (Barker 1993). 

• There are also a number of species inventories for the Park, with location 
information, including vascular plants, non vascular plants and fungi. These 
records are of general use in evaluating gross changes over time 
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Mt Wellington 
 

Being adjacent to Hobart, Mt Wellington has been used as a long-term study site for 
many years, and offers many advantages apart from its accessibility, because like Mt 
Field, its altitudinal range, geology and fire history mimic those attributes of the 
mountain ranges in the southeast of the TWWHA, albeit with less continentality than 
most. There is extensive information about the vascular and non-vascular plant and fungi, 
as well as information about alpine and subalpine vegetation, genetic clines and treeline 
phenomena. It is an important linkage point for research and monitoring which may 
provide early indicators of change within the TWWHA. 
 

Ben Lomond 
 

This mountain has road access to the summit. It is relatively remote from the TWWHA, 
being located in the northeast, on the eastern side of the Midlands Graben. However it 
lies in the area where most climate models are predicting the greatest and earliest 
environmental effects of climate change in Tasmania. It may provide an early warning 
system for the TWWHA as well as being an important site to monitor in its own right. 
The vegetation on the mountain has been extensively surveyed with relocatable transects 
by M. Noble as part of an ANU PhD project in the 1970s (Noble 1981) and the 
vegetation of the alpine plateau was subsequently surveyed on a grid by J. and M. Davies 
in the 1980s (Davies and Davies 1989).  
 

Recommendation 13: other relevant monitoring programs outside the TWWHA: 

• Maintain liaison with Warra LTER site contacts. 

• Investigate acquisition of data from CFI plots now within the TWWHA. 

• Establish liaison with Land Management and Conservation  and Water Branches 

to investigate cooperative monitoring programs. 

• Establish liaison with relevant agencies and DPIW units to initiate and maintain 

a monitoring program in the Vale of Belvoir, and on Ben Lomond, Mt Read/Mt 

Hamilton, Mt Wellington and Mt Field. 

• Ensure that the proposed network of monitoring sites is inclusive and 

representative of organic soil classes and vegetation types recognised by di Folco 

(2007).   

• Calculate the contribution of the organic soils of the TWWHA to total carbon 

storage using the models of di Folco (2007).  
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External program linkages for the TWWHA vegetation 
monitoring program  
 

There is a diversity of systems established for monitoring of vegetation worldwide and 
for a variety of purposes. This report focuses on some which have a conservation focus 
and use methods that may be generally applicable in the TWWHA. 

DPIW is already linked to some international and national programs either directly or 
indirectly through partnerships with other research agencies or other arms of government. 
For example DPIW is a partner in the Warra LTER site which has linkages to national 
and international programs through the International Long Term Ecological Research 
Network, and thereby into programs and networks such as GTOS (Global Terrestrial 
Observing System) http://www.fao.org/gtos/. 

Other programs where there are existing links include GLORIA (the Global Observation 
Research Initiative in Alpine Environments http://www.gloria.ac.at/ ) and ITEX (the 
International Tundra Experiment http://www.geog.ubc.ca/itex/index.php ) for alpine and 
high latitude ecosystems.  

In terms of forests, a compendium of forest biodiversity monitoring systems and studies 
has been compiled by Dallmeier and Comiskey (1998) as part of the Man and Biosphere 
Series for UNESCO and some of these may offer useful partnerships. Warra LTER has 
established links through the ILTER network and to several of the US LTER sites, 
notably with the H. J. Andrews LTER site in Oregon. 

D. Bowman (pers. comm.) is progressing linkages to TROBIT (Tropical Biomes in 
Transition http://www.geog.leeds.ac.uk/groups/trobit/index.html) and is proposing to 
extend it to temperate systems, notably by establishing a southern, Nothofagus network 
modelled on the same procedural lines as TROBIT viz a global network of 1 ha plots 
with uniform measurement protocols. 

The Australian Government Department of Climate Change administers the Australian 
Climate Change Science Program and a watching brief should be maintained to take 
advantage of relevant funding initiatives under this program.  

A major initiative with which the TWWHA monitoring program should establish 
linkages is the National Climate Change Adaptation Research Facility 
http://www.nccarf.edu.au/home which involves a number of Universities and other 
research organisations. As part of the of 2009-10 Budget package, the Australian 
Government announced increased funding of $31.2 million to fund key climate change 
research in eight priority areas, including terrestrial and marine biodiversity. Tasmania 
and the TWWHA could apply to be part of a research and monitoring program, whether 
stand alone or as part of a consortium with the University of Tasmania, other R&D and  
government agencies.  

Links to other relevant national programs are available at 
http://www.bom.gov.au/climate/change/ in particular for the National Ecological Meta-
database being established by the Bureau of Meteorology. The aim of the database is to 
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improve the accessibility of climate and natural systems data to researchers, natural 
resource managers and policy makers and to better coordinate research efforts.  

 

A National Collaborative Research Infrastructure Strategy Initiative has a consortium 
pursuing a National Terrestrial Ecosystem Research Network.  Their sub-program on 
eco-informatics may be particularly relevant.  The program is delivered through the 
Australian Government Department of Innovation, Industry Science and Research. 

Other major linkages that are already in place or should be addressed include:  

• University of Tasmania: Geography and Environmental Studies: ongoing 
vegetation science programs, erosion studies, dieback/climate studies, fire 
ecology, landscape ecology. 

• University of Tasmania: Plant Science, CSIRO and CRC: buttongrass moorland 
hydrology/plant growth, eucalypt genetics, health surveillance, grassland 
ecophysiology, fire ecology, dendro ecology, palaeo-ecology, landscape ecology. 

• Forestry Tasmania: health surveillance, CFI, rainforest monitoring including 
myrtle wilt, landscape ecology, fire ecology. 

• Hydro: Basslink monitoring. 

• DPIW - Water Management Branch, Land Conservation Branch: hydrology,  
soils, freshwater systems, invasives, TAFI: marine biodiversity, Environment 
Division: coastal and marine. 

• Other Universities and R&D organisations e.g. Monash University – 
dendrochronology and drought reconstruction, CSIRO. 

• ACE CRC – Climate Futures Project for future climate models. 
 

Recommendation 14: Establish and maintain active liaison with relevant research 

agencies and major national funding providers. Actively promote the need for staged, but 

expanded monitoring program.  The Monitoring program team should actively seek 

involvement on relevant Steering Committees to advance TWWHA priorities. 
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Structuring a program of vegetation monitoring for the TWWHA  
 

Given the uncertainty surrounding the nature, direction and intensity of climate change 
events in the various parts of the TWWHA, and to assist the mitigation/amelioration of 
adverse effects on its values, the immediate priority should be to maintain the existing 
programs of value protection and surveillance of weeds, pests and diseases. However the 
program should be expanded to monitor for detection of climate change effects and to 
include monitoring of other high value assets such as the condition of the major 
dominants, keystone and iconic species in the major community types. 

The resources for such an expansion may not currently be available, but DPIW should 
actively seek to form links and partnerships with other organisations which can offer 
useful services and research and monitoring programs. There appear to be opportunities 
for the funding of long-term studies and monitoring if proposed outcomes of the current 
consultation draft for Australia’s Biodiversity Conservation Strategy 2010-2020 
eventuate.  It is important to have a staged approach to monitoring which can be 
expanded as and when funding opportunities arise. 

A high priority for the establishment of the program is the formal undertaking of a risk 
management analysis, to determine the priorities to feed into the approach outlined 
below.  The current report does this in part but further inputs are required from individual 
experts to make informed judgements for input into risk analyses.  A suitable framework 
for such risk analyses is The Potsdam approach recommended by Allen Consulting 
Group (2005) as suggested in the draft RMC ‘Climate Change Vulnerability Report’. 
 

Elements of a vegetation monitoring system for climate change in the 
TWWHA 

 

Any monitoring program should be established in a systematic and transparent manner so 
that its usefulness is apparent and so its basis can be evaluated periodically as 
understanding grows of the effects of climate change.  Some of the requirements for a 
systematic and ongoing monitoring program within the TWWHA (and for Tasmania 
more generally) are as follows: 
 

1. Commitment to adequate infrastructure support 

There needs to be a resolute commitment to adopt a monitoring system at the highest 
levels within the Agency.  A commitment to address climate change has been made by 
the Tasmanian Government and has been taken up at Agency level.  This commitment 
needs to translate into practical on-ground action, and a monitoring program is a key 
component of this action. 
 

2. An evaluation and prioritisation of monitoring needs for vulnerable components of the 

vegetation, based on a transparent risk analysis of threats and resilience of the 

components and places where they occur   
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As noted above, this has been provided in part by the current report, but now needs input 
from DPIW staff and others with appropriate technical expertise on specific components.  
 

3. Recognition that current knowledge is imperfect and surveillance can help to provide 

early warning and aid preparedness in the event of new threats or issues arising 

Agency level acceptance of the need for vigilance, surveillance, research and review are 
an essential precursor to the success of any monitoring program.  
 

4. Establishment and maintenance of an infrastructure support base 

A system is needed for data capture and storage for existing and for future data.  The 
amounts of data flowing from monitoring are voluminous, and therefore it is a high 
priority to source funding and provide adequate logistic support for this component.  The 
basic infrastructure is already in place within the NVA together with some coordination 
of other existing systems, such as Tasveg and the electronic and hard copy aerial 
photograph compendium held by ILS and on the LIST.  Other funding sources will 
almost certainly be needed, and accessing programs such as the Ecoinformatics proposal 
within the TERN Program will assist this (S. Harris pers. comm.). 

There are also relevant data sets held by individual researchers and land managers which 
are an invaluable future resource. Many of these datasets are in active use as part of 
ongoing research programs.  Links need to be maintained with the researchers while the 
programs remain current, and a procedure is needed for accessing and curating the data 
when the program is completed from the perspective of the current data holder or on their 
retirement from active participation.  The availability of data and likelihood of data 
capture also needs to be established as well as determining what other information is 
needed to augment existing data collection.  The data should be captured in raw format as 
far as possible so it can be manipulated in different ways as new techniques and methods 
become available and new questions need to be answered. 

This project has collated a preliminary register of publications and studies relevant to the 
vegetation of the TWWHA.  Many of the sites used are not appropriate to be included in 
a routine monitoring program for climate change, but nevertheless may become important 
in the future, and it is recommended that a database or register of studies should be 
maintained and linked to the GIS.  The sites may become a resource in the future when 
climate change effects become clearer. They could be valuable monitoring sites for 
before-after, control-impact (BACI) studies especially to assess the impacts of extreme 
events. 
 

5.  Strong links to the operational land managers and policy makers should be 

maintained to evaluate monitoring needs and to ensure effective uptake of monitoring 

results 
 

6. Strong linkages to the research community should be made to ensure research outputs 

are taken into account, to provide contextual information, to generate new research 

questions and to provide infrastructure support for relevant research programs 



60 

 

 

7. A system of review and improvement should be implemented to ensure monitoring 

remains relevant and responsive to new questions as they arise, and so that new 

techniques can be evaluated and adopted as needed 
 

8. Establishment of the monitoring program  

The first step in establishing the monitoring program is an analysis and then adoption of 
monitoring targets at different scales. This not only includes decisions on what 
values/aspects to monitor but also what variables are to be considered as part of the 
climate change program.  This may be relatively straightforward for example in the case 
of disease outbreaks, weed invasions, or the changes in woodiness of the vegetation.  
However it is not so clear for the general monitoring of vegetation condition, where it 
may be important to ensure Agency-wide agreed objectives and methods are adopted.  
These need not be identical for every monitoring objective, but should be capable of 
interpretation in a consistent way. For example, it may be appropriate to establish a 
monitoring system in the context of Tasveg mapping units but finer units may be required 
to detect change.  A key part of any monitoring will be the assessment of vegetation 
condition, and the Agency needs to agree upon a standardised approach which is 
repeatable and capable of unambiguous interpretation. 

The next step is to decide on a sampling regime or strategy.  A precursor requirement for 
this would be an environmental domain analysis (EDA) of the TWWHA.  The EDA 
should be multidisciplinary, to ensure that a stratification is achieved that as far as 
possible is useful for a variety of purposes, including biodiversity, climate, geodiversity, 
soils, hydrology etc.  There are existing EDAs which might fill this function, e.g. from 
the RFA and Warra LTER site (see Neyland et al. 2000),  from existing TWWHA 
programs, from detail within the IBRA compilation (Peters and Thackway 1998) or from 
the CFEV stratification of environments (DPIW 2008).  However it may also be 
appropriate to run a new analysis, depending on the suitability of existing sources and 
resource availability.   

The works program for monitoring should as far as possible be multi disciplinary, and at 
multiple spatial and temporal scales.  Four components are recommended for a 
comprehensive program which incorporates existing programs and monitors for effects of 
climate change: 
 

• targeted remote sensing and routine surveillance of vegetation change, health and 
condition 

• ground-based monitoring of known threats using existing and new sites and 
methods 

• ground-based monitoring of specific known high value assets which are not 
amenable to remote sensing surveillance  

• monitoring at a network of ground-based sites which provide a representative 
sample of the range of environments found within the TWWHA.  The site based 
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monitoring should include collection of ancillary climatic data wherever this is 
feasible.  The network could be similar in concept to the FORESTCHECK 
program implemented in the Jarrah forests of Western Australia (Abbott and 
Burrows 2004).  New sites would build on already established sites to fill in 
sampling gaps as resources permit. 

 

8.1 Remote sensing and routine surveillance 
 

8.1.1  The EDA can be used to underpin selection of a sample of replicated aerial 
transects to cover the range of environments and vegetation within the TWWHA.  Fly 
each transect with an initial five year return period, to gauge appropriate on-going 
program timings.  Thus general five yearly sampling may not prove necessary across the 
entire area, whilst sudden outbreaks or extreme events may dictate a higher frequency in 
affected areas.  This sampling should include monitoring for myrtle wilt, fagus health and 
eucalypt and conifer dieback.   
 
8.1.2  Aerial Photography:  The TWWHA and Tasmania generally is covered by aerial 
photographs on a five year return time frame.  These should be calibrated against the 
surveillance flights to determine whether they are of suitable scale to be useful for 
monitoring objectives. 
 
8.1.3  Liaison with Forestry Tasmania’s forest health surveillance program.  The utility of 
this program as an early indicator for health assessment of TWWHA forest should be 
evaluated. 
 
8.1.4  The set of high resolution aerial photographs held by the PWS track management 
program should similarly be evaluated for their usefulness, and where appropriate be 
incorporated into the monitoring program. 
 
8.1.5  A watching brief should be kept on the utility of the satellite based remote sensing 
programs and techniques and active liaison maintained with relevant projects within the 
Tasmanian Vegetation Mapping and Monitoring Program.  
 
8.1.6  Assess feasibility of incorporating photo points from the track management 
program and snow lie data from PWS stations at Mt Field, Lake St Clair and Ben 
Lomond into ongoing monitoring. 
 
8.1.7 Maintain active liaison with the Fire Management Section of PWS both for routine 
surveillance and for complementary fire/vegetation/climate change monitoring activities.  
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8.2 Ground-based monitoring of known threats 

 

8.2.1 Diseases 

Current Phytophthora cinnamomi sampling sites should be maintained and expanded 
locally where appropriate to ensure that currently non-susceptible vegetation types are 
monitored for effects under climate change, including post-fire regeneration. 

Obtain results from Forestry Tasmania of myrtle wilt Rate of Spread Plots as they are 
measured and assess implications for TWWHA monitoring.  Re-calibrate myrtle wilt 
aerial transects by repeating on ground surveys done by Packham (1991). 

Establish monitoring for new diseases as they become apparent. 
 

8.2.2  Weeds 

Maintain current weeds program according to the published strategy, but ensure results 
are documented to provide a basis for change evaluation. 
 

8.2.3. Conifers 

Conifer monitoring on ground should include A. cupressoides and A. selaginoides at 
existing monitoring sites, at Mt Field and at Mt Read. 
 

Monitoring for Microstrobos, Diselma and Microcachrys should be established where 
relevant at Mt Field, the Walls of Jerusalem, Cradle Mountain and Mt Read, and for 
Lagarostrobos on the lower Gordon River, at Tahune/Picton and at Mt Read.   
 

8.2.4 Fagus (Nothofagus gunnii) 

Commence monitoring incidence of fagus including its phenology, using known on-
ground sites as basis for aerial monitoring program.  Existing sites are at Mt Read, Cradle 
Mountain and Mt Field. 
 

8.2.5 Eucalypts, including drought effects and dieback 

Obtain site records and condition assessments of E. gunnii from the Central Plateau sites 
from relevant UTAS staff.  After analysis, select a subset of these for ongoing 
monitoring.  Include assessment of co-occurring eucalypts where appropriate. 

Other eucalypts are to be monitored via the Forestry Tasmania health surveillance system 
and the routine condition assessment outlined above. 
 

8.2.6  Fire   

Ensure that existing fire study sites are sampled as a basis for disentangling post-fire 
successional changes from putative climate change effects. 
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8.3 Ground-based monitoring of specific known high value assets 

Monitoring programs need to be maintained for known high value assets at spot locations 
where it is often inappropriate to establish more broadly based monitoring programs.  
Monitoring of individual species should be on a five or ten year rotation, unless there are 
good documented reasons for a higher or a lower frequency in particular cases. 
 

8.3.1 Monitor all listed threatened species within the TWWHA. 
 

8.3.2 Alpine communities.  Priority communities include alpine grasslands, snow patch 
communities, fjaeldmark, bolster moors and coniferous shrubberies.   

 

8.3.3 Sphagnum bogs and alkaline pans.  In addition to specific ground-based monitoring, 
the amenability of both ecosystems to aerial surveillance/aerial photograph interpretation 
of change should be evaluated.  Suitable sites for Sphagnum monitoring are at the 
Kettleholes (Mt Field), Mother Cummings Peak, (Western Tiers), and the ombrotrophic 
bog at the Walls of Jerusalem National Park.  Alkaline pans could be monitored in the 
Olga and Hardwood Valleys as part of the recommended Lower-Gordon River long-term 
monitoring site and opportunistically in the Maxwell River and Giblin River valleys.  
 

8.3.4  Vulnerable coastal communities.  The program outlined in Rudman et al. (2008) 
should be adopted. 
 

8.3.5 Sub-alpine ecotones and alpine-subalpine transitions.  Existing monitoring at Mt 
Weld, Mt Rufus and the Snowy Ranges should be maintained.  However there should be 
ongoing review and evaluations of the timeframes for monitoring of these systems in the 
light of results from past monitoring.   

It is recommended also that the study of altitudinal variation on four south-western 
mountains (Kirkpatrick and Brown 1987) be repeated, together with Mt Sprent with a 
view to establishing a baseline of change in the past 20 years, but also to establish 
whether Mt Sprent can be used to represent the observed variation, given its relatively 
easy access. 
 

8.4 Establish a network of representative monitoring sites  

A recommended first stage network of on-ground sites for monitoring of vegetation has 
been outlined above in Table 1 and shown in Figure 4.  These sites should be 
supplemented by others already in use for weed and fire management and disease 
monitoring.  However, as also noted above, the current scenarios for climate change are 
not stable and it is recommended that the currently proposed sites be expanded as 
resources permit to encompass the representative range of TWWHA environments.  This 
could be undertaken using the EDA as proposed above and using value priority, 
accessibility and relative abundance of occurrence to decide the order of implementation.   
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As well as undertaking the traditional ecological surveys at each site, a series of photo 
points should be established to sample perceived critical communities and boundaries.  
An analysis of existing photo points should provide a starting point for this work.  Where 
practicable, and as resources permit monitoring sites should be instrumented with data 
loggers to allow collection of basic site information about weather variables and soil 
information such as water table depths and soil temperatures.  

Data should be captured in raw format as far as possible so it can be manipulated in new 
ways as new techniques and methods become available and new questions need to be 
answered. 

As far as practicable the network should include multi-disciplinary monitoring sites.  
 

9. Ancillary Program Recommendations 
 

9.1 Climate Change Refugia 

Although not specifically a component of the current monitoring program, a fundamental 
part of a strategy to manage for climate change in the TWWHA involves the 
identification of potential refugia for the vegetation and evaluation of their subsequent 
monitoring needs.  An analysis is needed to establish where such sites might be and what 
monitoring needs are required if they not already catered for by the existing program.   
 

9.2 Carbon accounting 

Although not specifically mentioned in the brief, there is one other aspect of monitoring 
which should be considered. The mitigation of climate change, especially through carbon 
storage/sequestration is not explicitly recognised as one of its World Heritage Values, but 
the TWWHA is an important repository of carbon at a national and international scale.  A 
statewide study of organic soils has been undertaken by di Folco (2007) and there have 
been some other desk-top analyses which provide a basis for the calculation of a carbon 
budget for Tasmania but a more accurate model is needed. The forests component of such 
budgeting is being done at Warra LTER (T. Wardlaw pers. comm.), but the moorland 
organic soils are a significant carbon sink (di Folco 2007).  The specific contribution of 
the TWWHA has not been calculated but should be.  The fluxes of carbon from accretion 
in long unburnt areas to loss through soil respiration, fire and dissolution and stream 
transport need to be calculated as does the amount of run-off carbon that is sequestered 
off-shore. A comprehensive program would involve establishment of a large research 
project with a strong monitoring component and that is dependent on a multi-disciplinary 
approach, involving soil science, plant ecology, hydrology, fire ecology, remote sensing 
and modelling skills 
 

9.3 Drought reconstruction 

One of the major climate related effects being seen currently is the widespread ongoing 
occurrence and severity of drought.  Figure 1 shows that the effects are noticeable over 
1971-80 compared with the period between 1998-2007. Some longer term rainfall data 
suggests that similar periods have been experienced in the nineteenth and early twentieth 
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centuries.  A program has been proposed to provide some longer term context of past 
droughts within the TWWHA using dendrochronological techniques (K Allen, J. 
Whinam, J. Balmer pers. comm.).  If it proves feasible and practical this program should 
be supported.  

 

Recommendation 15:  Establish an expanded monitoring program framework as outlined 

in this report to capture future funding opportunities as well as increasing liaison and 

building on existing DPIW and other programs.  
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Conclusions 

• events consistent with climate change are happening now 

• the TWWHA has significant flora values which must be understood, managed and 
protected 

• climate change models are not sufficiently well-developed to enable reliable 
predictions about where most significant effects are likely to impact, or on which 
values 

• many of the threats that are already here (weeds, pests, diseases, fire management 
issues) will be exacerbated by climate change 

• it appears that the current program is appropriate given resources, but more 
emphasis is needed on specifically targeting known issues to assist adaptive 
management (e.g. threatened species, weeds, fire, conifers, diseases), and there is 
a need to expand the program to meet expected climate change challenges and 
fulfil obligations on protection of the flora and vegetation values of the TWWHA 

• monitoring is needed for early warning for managers and monitoring, R & D, and 
management relationships need to be clear with good liaison 

• monitoring should therefore be precautionary, but as comprehensive as resources 
allow 

• a staged program is proposed to adapt to new knowledge and resource 
availability. 
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APPENDIX 1: Monitoring Climate Change Impacts on Tasmanian 
Wilderness World Heritage Area Vegetation and Flora:  Proceedings 
of a workshop, March 2nd 2009, CSIRO, University of Tasmania 

 

Introduction 
 

A workshop on climate change monitoring needs for the Tasmania Wilderness World 
Heritage Area (TWWHA) was held on Monday 2 March 2009 at CSIRO/CRC.  It was 
convened by CSIRO, University of Tasmania (Dept. of Agricultural Sciences), 
Department of Primary Industries & Water, and Forestry Tasmania.   

The purposes of the workshop were to: 
1. Compile an inventory of relevant vegetation research programs and datasets 

useful for climate change monitoring covering vegetation communities, species or 

ecosystems, with particular focus on TWWHA flora values. 

2. Identify pre-existing data sets that could be used for climate change monitoring, 

focused on the Tasmanian Wilderness World Heritage Area, but also considering 

broader aspects of monitoring ecosystems for the impacts of climate change 

across land tenures.  

3. Identify criteria to determine suitability of existing data sets for long-term climate 

change needs. 

4. Identify gaps in existing monitoring approaches.  

5. Document existing and potential programs with which vegetation monitoring in 

the TWWHA could integrate, at the TWWHA, Tasmanian and national level. 

6. Explore possible collaborations and potential synergies between research 

questions and monitoring programs. 

 

The Workshop was convened by CRC-Forestry, CSIRO, DPIW, FT, UTAS, organized by 
Jennie Whinam and facilitated by Mick Brown.  Other attendees were: Michael Askey-
Doran, Jayne Balmer, Kerry Bridle, Jody Bruce, John Davies, Felicity Faulkner, Louise 
Gilfedder, Chris Harwood, Greg Jordan, Jamie Kirkpatrick, Anne Kitchener, Louise 
Mendel, Karyl Michaels, Caroline Mohammed, Wendy Potts, Adrian Pyrke, Tim 
Rudman, Martin Stone and Tim Wardlaw. 
 

Background 

The reality of climate change is being recognised globally and governments are 
addressing the issue across many policy areas.  In Tasmania, the government has 
established a Climate Change Office, and directed Agencies to develop policy responses 
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across their areas of responsibility.  There has been an active response to this call from 
within DPIW, in part to deal with the nature conservation issues that may arise.  As part 
of the policy development for conservation issues, two previous workshops had been 
held:  

Potential impacts of Climate Change on Tasmania’s Terrestrial and Marine Biodiversity 

and Natural Systems. An internal RMC workshop held in May 2008 and more extensive 
cross-agency workshop on Managing Natural Values in a Changing Climate held in 
October 2008:  

The current workshop was a follow-up from these earlier workshops and forms part of 
DPIW’s Climate Change Adaptation response, the workshop being the next step in a 
process of developing vegetation/flora planning for the TWWHA. 
 

Climate change scenarios 
 

The available global climate change models suggest that the rate of change is occurring at 
or beyond the highest predicted scenarios, and this is true also in Tasmania (Barnes-
Keoghan, 2008).  However the available climate data and scenarios for Tasmania and in 
particular the TWWHA, must be treated with some caution because the climate data are 
from a small number of reliable sites which are mainly coastal and not in the TWWHA.  
These deficiencies are being addressed to some extent in new modelling, which is using 
smaller cell sizes. The current models predict greatest change for Northeast Tasmania and 
to some extent Central Northern Tasmania.  There are some data also which suggest that 
local effects may run counter to global or regional effects, an example within the 
TWWHA being the Hill One data from Kirkpatrick et al. (2002).  Calder and Kirkpatrick 
(2008) have also suggested that the greatest changes within the TWWHA are to be in the 
northeast around the Central Plateau rather than in the west and southwest.  
 

Why monitor for climate change? 
 

Some of the purposes identified by DPIW for monitoring of climate change impacts on 
natural values are to: 

• detect change, trends, and trends in condition of natural assets 

• identify thresholds for management actions for active crisis intervention for 

priority assets  

• to inform land managers (and researchers) to adopt appropriate adaptive 

management strategies 

• to comply with other reporting program requirements (e.g. Montreal, RFA 

reporting) 

• to develop a suitable state level framework to identify: 
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o native vegetation conservation status change 

o sites for reservation/priority conservation. 

 

However in deciding which monitoring schemes should be adopted the Agency also 
needs to consider whether the monitoring program is being established to assess: 

• incremental change associated with incremental CO2 and temperature increases 

and associated biophysical changes 

• increased frequency and impact of extreme events 

• both types of effects. 

 

Direct effects 
 

Some examples of the effects direct changes in climatic factors such as temperature and rainfall 
may have include: 

• effects on the distribution, lifecycles, habitat use, physiology and extinction 

rates of individual species  

• effects on  the structure and composition of ecosystems and communities 

increases in the incidence and adverse effects of invasive species and diseases. 
 

Indirect effects  
 
Climate change may also indirectly affect species and ecosystems by altering: 

• fire frequency and behaviour 

• the spread of diseases 

• water flows in rivers and wetlands  

• the level of groundwater  

• the frequency of extreme climatic events (floods, hail, drought).  

 

It is important also to remember that both the direct and indirect effects of climate change 
will interact with existing environmental stressors. 
 

Monitoring effectiveness may be optimised by: 

• identifying priorities associated with purpose 
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• building on existing long-term records, plots etc collected for other purposes  

• identifying synergies/collaborations  for cost- effective techniques and resourcing. 

 

Designing a monitoring framework 
 
The workshop also considered some aspects of monitoring design, including whether the focus 
should be specific targets or stratified random framework or a combined approach. 

Some examples of a targeted approach could consider: 

• special values – icons, endemics 

• keystones/dominants 

• rare flora/communities 

• other threatened species and communities 

• sedentary species 

• sensitive species 

• genetic/evolutionary outliers 

• threats – pests, weeds, diseases 

• ecosystem processes and products 

• altered regimes of fire, grazing, erosion, flooding etc. 

 

These values could be monitored according to priorities as defined at particular locations, 
or sampled periodically within a stratified random framework as is being done with the 
FORESTCHECK program (Abbott and Stoneman 2004) in the jarrah forests of WA. 

In any event, monitoring effectiveness can be optimized by: 

• identifying priorities associated with the purposes of monitoring 

• building on existing long-term records, plots etc collected for other purposes  

• identifying synergies/collaborations  for cost- effective techniques and resourcing. 

 

The workshop considered some of these aspects of monitoring in a series of three 
breakout sessions, which then reconvened into plenaries with outcomes as specified 
below. 
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Session 1 

The first Session focused on relevant available data sets, statewide, within the TWWHA 
and  outside of the TWWHA to compile an inventory of current major vegetation & flora 
monitoring programs and data sets relevant to climate change; and to identify pre-existing 
data that may be relevant for climate change monitoring.  The data sets were assessed for 
the relevance of the type of data and methods used to generate them (e.g. remotely sensed 
data from satellite, API, LIDAR; photographs; plot-based; modelling; individual 
species/community data;  paleontology, palynology, dendrochronology and for their 
target attributes:  

1. Plant attributes: ecological and life history (e.g.  pollination, seed longevity, 

dispersal germination etc),  phenology, physiology, genetics.  

2. Vegetation attributes such as flora-fauna interactions; ecosystem process data; 

biophysical attributes; intrinsic values: endemicity, phylogeny, rarity, sensitivity, 

keystone, umbrella; primary productivity; symbionts; parasites etc. 

Key Points arising from Session 1. 

The following key points were identified in the first sessions 
1. Whilst there are many data-sets which may be available, most are one-off studies 

of ecosystems or species. There are only a small number of replicated data sets 

(e.g. at Warra LTER site).   

2. An annotated inventory of the datasets identified is provided in the Attachment.  

The workshop recommends that the inventory should be stored and maintained on 

the DPIW Natural Values Atlas. 

3. Mapping is subject to user interpretation, so it is best to go to directly to baseline 

or raw data wherever this is possible 

4. Ancillary biophysical data and expert knowledge of ecosystem/species properties 

can assist in providing some controls and precision in locating of sites of past 

surveys/studies. 

5. Cost-benefits analysis is needed to decide which data-sets are optimal for on-use 

and how well they can be integrated into an appropriate monitoring package. 

6. The adoption of a monitoring program will require some acceptance of the 

limitations inherent in the existing data, as well as seeking opportunities to redress 

these as the program progresses. 

7. Landscape level monitoring tools are needed  and these need to focus on 

landscapes that do not change quickly to avoid capturing successional changes. 
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8. In addition to formal scientific data-sets, the workshop identified several other 

sources of data and ways of proceeding into a monitoring program: 

• the use of old oblique photographs (many private collections) 

• use of satellite data. For example this is being used in plantations to derive a 

condition index – it may be useful to explore whether the same methods can 

be applied to ecosystems in the TWWHA 

• utilise old notebooks from park rangers etc. on records of Fagus change, 

erosion photography, snow level monitoring, etc.  

9. The workshop identified a number of limitations and needs to be satisfied  if  the 

data-sets are to be useful:  

• completeness 

• replication 

• continuity  

• scale/resolution 

• spatial precision 

• interaction of causal factors 

• qualitative vs. quantitative data 

• attribute measurement precision 

• representativeness/bias/purpose/design 

• are sites re-locatable? 

• are study methods capable of being continued into the future? (e.g. satellites 

being decommissioned, technology changes leading to incompatibility of data 

sets, inappropriate format of records. 

Session 2 

Session 2 focused on the following themes: 

1. Identifying criteria to determine suitability of existing data sets for long-term 
climate change needs. 

2. Identifying gaps in existing monitoring approaches 

• gaps in ecological systems/values 



73 

 

• gaps in techniques 

3. Documenting existing and potential programs at the TWWHA, Tasmanian and 

national levels that could be integrated for future climate change monitoring  

The workshop broke up into specialist groups to comment on these aspects.  The groups 
did not have time to consider item 3, but considered this could be incorporated as a later 
stage. However some examples of the types of relevant international programs were 
given and included: 

• remote sensing phenological change 

• mountain vegetation change: GLORIA 

• International Tundra Experiment (ITEX) 

• International Long-Term Ecological Research  programs (ILTER) 

Some of these programs may also offer useful funding/facilitation opportunities as 
happened with the International Biodiversity Observation Year and the Global Litter 
Decomposition Experimental projects at the Warra LTER site. 
 

Report of the Vegetation group 

What to monitor:  

1. Need to resolve whether to monitor only those aspects assessed as likely to 

change, or to be more comprehensive. However it is impossible to monitor 

everything, so a strategic approach is needed. 

2. Monitor around the edges of refugia to determine whether refugia are shrinking. 

3. Monitor areas of known high hybridization. 

4. Focus on species that are localised or threatened (the threatened endemics). 

5. Ensure that the common elements are not overlooked. 

6. Monitoring of vegetation may not always be the best approach. For example it 

may be simpler and more cost effective to monitor changes in hydrology affecting 

peat moorlands than it is to undertake routine vegetation plot scoring. 

7. Need to consider whether a triage approach should be adopted. 

 

Criteria for suitability of data sets: 

1. Identify where, and in what direction, the climate is changing: 
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• some places are changing obviously from temperature rise/rainfall 

decrease whereas in other places, the reverse effect is occurring and in 

other places there are currently no detectable changes  

• this could be done with cheap atmospheric temperature monitoring 

equipment.  Soil temperature devices are useful temporally but there is 

considerable variability spatially due to the inherent variability of the 

properties of different soil types  

• rainfall data can be reconstructed for the past four decades (see Nunez et 

al. 1996) from these studies it is possible to divide the TWWHA into sub 

regions which reflect climate. 

2. Focus studies on slow-changing ecosystems to minimise changes arising from 
succession and other confounding processes. 

3. When setting up vegetation monitoring sites consider establishing proximal 
monitoring of the actual climate, hydrology, wherever accessible and feasible.  
Basic instrumentation for this is fairly cheap. 

 

Gaps  

1. There are insufficient weather data for the TWWHA. 

2. The TWWHA needs to be broken into different localities, based on climatic 

variations. 

3. Need to disentangle confounding factors (fire, grazing, succession, dams, etc.) 

from climate change. 

4. Need to identify refugia.  

5. Identify places of steep gradients (e.g. Mt Anne). 

6. Palaeo-climatic modelling at a fine scale (apply Fowler and Kirkpatrick 1998 

method at a finer scale). 

7. Potential to use Ben Lomond (NE Nothofagus is different from all others) as a 

monitoring site. 

 

Report of the Remote Sensing/Large Data Sets Group 

Criteria for suitability of data sets: 
1. Completeness (in and out of TWWHA). 

2. Spatial and temporal representativeness. 
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3. Continuity. 

4. Technique and availability in past and future (Landsat may not be available in 

future). 

5. Calibration ability. 

6. Suitable spatial resolution/accuracy for purpose. 

7. Monitor and detect change, then interpret it (not vice versa). 

The Group noted that the question being asked will impact on which is the most 
appropriate technique to select. 

The Group considered the following subjects could usefully be measured for change: 
1. Vegetation health (MODIS). 

2. Vegetation LAI (Spectral reflectance). 

3. Vegetation structure (Sidescan radar; LIDAR; aerial photos; Quickbird). 

4. Vegetation community extent (aerial photos, ‘spot’, Landsat). 

5. High resolution monitoring of particular locations (LIDAR, ‘spot’). 

 

The Group identified the following benefits of remote sensing: 
1. Scale – potential to capture landscape-scale change. 

2. Objective – less subject to subjectivity and ‘interpretation’ (depending on 

techniques used). 

Issues 

1. Define what is the most appropriate method for the question being asked. Low-

resolution, low cost, freely available methods such as API and Landsat should be 

used for monitoring general conditions and high-resolution more expensive 

techniques such as Lidar and Quickbird could then be used when change is 

detected. Monitoring using high-resolution techniques could also be done for key 

sites/base stations such as Warra LTER site. 

2. Risks include: 

• discontinuance of a particular technology 

• dependence on external technologies – cheap but no control over continuity 

• picking winners (there are so many emerging technologies) 
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• methodological change. 

 

Gaps  

1. There are no landscape scale condition baseline data or ongoing monitoring. 

2. On ground calibration is needed. 

3. Need to define “condition” more closely and be specific about what is being 

measured in each case.  E.g. crown condition of canopy may be quite different 

from hydrological condition, soil condition etc. 

4. The purpose of monitoring needs to be clear. 

5. Need to be able to disentangle cyclic processes form climate change/new process 

trends. 

6. There are different processes for looking backwards than when looking forwards. 

What remote sensed data is there that matches past on-ground monitoring events? 

7. Break down problem into different scales. 

8. National level: Dept. of Climate Change: carbon accounting system is based on 

Landsat and it is likely to change.  

Report of the Threats Group 

Aims of monitoring are  

1. To document change in landscape. 

2. To identify areas of threat. 

3.  To provide early warning to enhance the ability to ameliorate change. 

Issues:  

1. What values to monitor and manage for. 

2. What is the climate change threat? 

3. Does climate change matter? Is it an add-on to existing threats or a new 

qualitatively different threat?  – response to the threat is determined by values. 

Criteria  

1. What is the question being asked? A lot of threats may not be due to climate 

change, however disentangling this is probably not necessary.  

2. Consistency of collection (repeated measures). 
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3. Do the metadata exist? 

4. Resolution and relocatability. 

5. Is the ability to ‘control’/account for noise/variability important to pick up climate 

change signal?  – it may be the big events which will drive change more than 

incremental changes). 

6. Capture 100% of area on regular basis.  

7. Ability to cross-reference data sets e.g. weed distribution records and herbarium 

records. 

8. Choose species that respond to thresholds. 

9. Identify climate sensitive species/systems (e.g. wetlands, weeds, disease) and 

identify winners and losers. 

10. Where in the TWWHA are values being lost? Which values can we address?  

11. A lot of threats occur at the landscape level however we only have point data. 

12. Peripheral information is often very important but difficult to record. 

 

Gaps 

1. Fire scar mapping and veg mapping (poor resolution) and not well connected. 

Accuracy issue.  

2. Same for pests/weeds and diseases. 

3. Vegetation mapping required at a finer scale – ecological units. 

4. Experimental design - site vs. landscape approaches. 

5. Poor predictive capacity of current data sets (resolution issues). 

6. Technology needs to be developed to increase modelling capacity. 

7. Understanding of foundation species/systems. 

8. Fire severity mapping. 

9. Impact on organic soils. 

10. To discuss the identification of sensitive species/communities. Key threats e.g. 

drought.  
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11. Is the existing data set useful as a predictive tool? 

12. What remote sensing data sets are available to support point (ground) data? 

 

Session 3 

Session 3 focused on the following themes: 

 
1. Exploring possible collaborations and potential synergies between research 

questions and monitoring programs; 

2. What are appropriate monitoring techniques? 

3. How we might do things differently?  

4. And, considering budget constraints, how might we realistically do these things? 

 

Techniques 

Develop protocols for identifying values at risk from climate change and for prioritizing 
monitoring efforts. 

Compile a list of existing monitoring programs and evaluate their usefulness for 
incorporation into an ongoing climate change monitoring program. 

Evaluate currently recorded data from monitoring sites and determine whether additional 
data should be collected, e.g. phenology, reproductive/regeneration status. 

There was general agreement that future programs should aim to increase climate data for 
monitoring sites. For example, data loggers should be at existing treeline transects and all 
other fixed monitoring sites. 

The distribution and information collected at Hydro gauging stations should be evaluated.  

Find out which stations within or relevant to the TWWHA would be recommended by the 
Bureau of Meteorology as suitable for use for calibration. 

Institute an hierarchical system of monitoring. Landscape scale monitoring needs to be 
instigated and occur across land tenures; identify and monitor key sites that incorporate a 
broader coverage of biomes; identify spot locations for intensive monitoring of particular 
values. Ground truthing can be used to identify key sites and integrated with remote 
sensing, both for established and new sites 

Recognise and address the problem of confounding effects at long-term key sites.  These 
sites could become foci for future research efforts.  

The Tasveg mapping program can set context for monitoring studies, but finer scale 
vegetation mapping may be needed to monitor changes. 
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Investigate use of remotely sensed monitoring for changes in net primary productivity as 
one of the surrogates for ecosystem change.  

Investigate existing long-term data sets for use in a monitoring program.  For example 
there are some continuous forest inventory (CFI) plots established in the 1960s and 1970s 
within the TWWHA which have been measured at ten yearly intervals.  These could be 
relocated and re-established for ongoing monitoring. 

 

Collaborations/synergies 

As well as building relationships across agencies and institutions within Tasmania, DPIW 
should also try to utilise resources of other people outside of Tasmania who might have 
relevant knowledge/experience, including the development of partnerships to secure 
funding. 

The workshop recognised the need for interaction of the flora program with other values 
of the TWWHA such as fauna and geomorphology to build synergies and become more 
cost-effective in monitoring. 

There is an issue with generational change – many old study sites are not accurately 
recorded, so this knowledge needs to be captured and transferred onto databases for 
future use. 

Remote sensing and ground truthing – staff at CSIRO are currently skilled in remote 
sensing, however they do not have the capacity for groundtruthing. 

 

Some relevant and urgent research questions 

Rainfall and fire: How is the vulnerability of fire sensitive communities affected by 
drought?  When are fire sensitive communities dry enough to burn?   

Health surveillance: The forest programs for this are currently focused on plantations. It 
would be desirable to also focus on high conservation values for example by the 
development and monitoring of native conifer health indices. 

Identifying refugia: Palaeo-climatic modelling is needed to identify contemporary 
refugia. 

Eucalypt/fire interactions with increased fire severity and drought. 

Compile an inventory of relevant temporal and spatial data for the TWWHA. 

Alpine bogs should be priority funding. 
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ATTACHMENT 

 

Species data sets 

Threatened species inventory 

NVA 

Herbarium data base 
 

Vegetation data sets 

Vegetation mapping (Tasveg) 
 

Conifer data sets 

Athrotaxis stands survey (Phil Cullen 1980s; Mick Brown 1988) 

Huon Pine stands survey (John Davies 1983; Neil Gibson 1986) 

Comparison of King Billy pines on west coast and Mt Field (Plant Science student 
research project) 

Conifer monitoring at Pine Lake (Vegetation Section DPIW 1990s) 

Allison Shapcott’s genetic and phenology data for Huon Pine 
 

Alpine/subalpine data sets 

Mount Field transects (John Ogden 1976-77) 

Snow patch data on Mount Field West - (Neil Gibson and Jamie Kirkpatrick 1980s) 

String bogs at Mount Field (Neil Gibson – surveyed every 5 years since 1980s) 

Transect on treeless mountains – altitude, aspect and species composition (Jamie 
Kirkpatrick and Mick Brown 1987) 

Mount Wellington – permanent plots in the Alpine zone (Several studies) 

Treeline transects – Mount Rufus, Snowy Range, Mount Weld (Warra, DPIW 2000s) 

Cushion communities/pollination (Christine Corbett Honours thesis 1995) 

Eucalyptus gunnii dieback on Central Plateau – weather data (Jenny Calder and Jamie 
Kirkpatrick 2008 and Jenny Calder Honours thesis 2006) 

Mark Hovenden’s information on treelines (international) 
 

Other vegetation 

Threatened species on limestone (Louise Gilfedder 1987-88) 
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Species on alkaline pans (Mick Brown Jean Jarman 1977-82) 

West Coast Range (Jamie Kirkpatrick 1977; 1984) 

Tree ring lignotuber work on Mount Wellington – compared live and dead (Adrian Pyrke 
Honours thesis 1989) 

Past and present refugia (Jamie Kirkpatrick and Mike Fowler 1990s) 

Peat data set (Maj-Britt di Folco – PhD thesis 2007) 

Tree decline/dieback (Tim Wardlaw, Chris Palzer, Frank Podger) 

Dugald Close and Neil Davidson (E. coccifera death with rainforest closure on Overland 
Track) 

Natural Values Atlas (DPIW) 

Eucalyptus atlas – needs updating (Kristen Williams and Brad Potts 1996) 

Threatened species listings (100 species) – DPIW Service Sheets  

Blue gum trials (Brad Potts 1990s-2000s) 

Long-term monitoring of threatened plants (e.g. orchids) (Threatened Species Section 
DPIW) 

Warra: 6 ICON studies (e.g. Mount Weld) baseline altitudinal monitoring (Forestry 
Tasmania) 

Silvicultural systems trials (control sites) (Forestry Tasmania) 

Fungi/bryophytes/lichens (David Ratkowsky, Genevieve Gates, Jean Jarman, Gintaras 
Kantvilas, Perpetua Turner, Paddy Dalton, Emma Pharo, etc.) 

Decomposition studies (Warra 2000s) 

Hydrology study (HTC, Geodiversity Conservation and Management Section DPIW, 
Water Management Branch DPIW late 1990s) 

Wildfire Chronosequence Project (School of Plant Science, Forestry Tasmania 2007) 

Fire/buttongrass interactions (Vegetation Section, Wildlife and Marine Conservation 
Section DPIW) 

Sphagnum data (Jennie Whinam, 1980s to present) 

Photo transects on Hill One, Southern Ranges – climate, geomorphology, vegetation 
(Jamie Kirkpatrick 1989-2000) 

Tasveg/WHA mapping – maybe not fine enough for detecting vegetation change 
(TVMMP) 

VCA data not designed to be very precise about certain attributes, problems with 
succession (2006) 

FACE grassland – elevated CO2 (Hovenden 2000s) 

Altitude forestry production data (Chris Beadle 1980’s), met data, soil water data, 
plantation trials are relocatable 
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Cushion plants and alpine vegetation Mount Field (Neil Gibson and Peter Minchin 
1980s) 

CFI plots. Statewide (Forestry Tasmania 1960’s to present) 

PLCP and other grassland/grassy woodland data. Private forests data in reserves. 
Statewide (DPIW 1980s to present) 

GA data on private land 

Permanent plots at Liawenee. Frost, soil temp, grazing/herbivory interactions. (Kerry 
Bridle, Bert Shepherd, Jamie Kirkpatrick 1970s+) 

Maria Island vegetation (Mick Brown 1976-79), grazing impacts and fire plots (Louise 
Gilfedder 1990s) 

Grassland & grassy woodland dataset (Jamie Kirkpatrick, Rod Fensham, Fred Duncan) 

Riparian recovery, eastern Midlands (Louise Gilfedder) 

100 remnants Midlands (fragmentation & threatened species habitat data) (Louise 
Gilfedder) 

Midlands threatened species data (Louise Gilfedder) 

Narawntapu/Asbestos plot data (Louise Gilfedder) 

Waverley Flora Park fire data (Louise Gilfedder) 

Arthur-Pieman buttongrass fire data (Louise Gilfedder) 

Field Botany Students – Mount Field, Strathgordon Rd, Styx, etc. 

Claytons vegetation and Phytophthora data (Frank Podger, Mick Brown, Jayne Balmer, 
Tim Rudman 1978 to present) 

Mirranie Barker’s rainforest fire plot data (also Bob Hill/Jenny Read) 

Mark Neyland’s relic rainforest data (1988-1990) 

Tree fern data from FPA  

WHS data Tarraleah and Pioneer (Fred Duncan, Mick Brown 1990s+) 

 

Spatial/remote sensing data sets 

MODIS (satellite operating since 2000) and AVHRR for about 30 years (Jan Verbesselt 
and Darius Covenaar) 

- Very coarse resolution (250 m) 

- Has been useful in forestry plantations to monitor change in condition, 

detecting tree dieback before it occurs 

- Tracks globally daily 

- Could be used to monitor change in cloud cover 
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Historical aerial photographs back to 1940s 

Survey maps 

Monitoring vegetation extent project 

Warra 

Landsat 

LIDAR 

Aerial photographs are most useful for detecting change but we still don’t know what is 
causing the change (climate change or successional) 

National Ecological meta-database being established by Bureau of Meteorology: To 
further understand the links between phenology and climate in Australia, and to better 
coordinate research efforts. The aim of the database is to improve the accessibility of 
natural systems data to researchers, natural resource managers and policy makers.   

Monitoring Vegetation Extent Project: Monitors the extent of native vegetation.  The 
changes in extent noted by the project are due to anthropogenic disturbance and 
conversion.  However, the project is a mini, tailored version for Tasmania, of a National 
program (Dept of Climate Change) that monitors extent of forest for carbon accounting 
purposes (TVMMP) 

Landscape logic – Tony Norton 

 

Biophysical data sets 

NOAH images (Nunez et al. 1996): Developed a method to determine rainfall from cloud 
cover (done for WHA) is a cost effective method of determining where changes in 
rainfall have occurred. 

 

Fire data sets 

Buttongrass fire plots (Jayne Balmer DPIW) 

Decadal fire mapping of South-west (Jon Marsden-Smedley PhD thesis 1998) 

Decadal mapping of northern WHA (Karen Johnson) 

Burn/graze data set (Jamie Kirkpatrick 2000s) 

Fire and grazing data for grassy woodlands, dry sclerophyll forests, highland and lowland 
grassland and buttongrass (Jamie Kirkpatrick, Louise Gilfedder, Kath Dickinson, Kerry 
Bridle etc) 

Fire in northeast highlands (Bob Ellis 1964+) 

Fire modelling climate change scenarios for South-west Tasmania (Karen King) 

Relocatable plots at Mount Field (either side of a fire boundary) and Mount Read 
(Kirkpatrick early 1980s) 
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Mapping of fire boundaries for 15 years with GPS (PWS) 

Lightning strike data (Transend and Adrian Pyrke PWS) 
- How long do the records go back? 

- Expensive 

- Can it tell us the places preferentially hit by lightening? – spatial patterns 

 

Freshwater ecosystem data sets 

Wetlands 

WHA wetlands – central plateau dataset (not much for the rest of the WHA though) 

Jamie Kirkpatrick has data on >500 sites statewide, with photographs circa 1980.  

Saltmarshes are currently being resurveyed by Vishnu Nandagopalan at Pittwater and 
Ralphs Bay 

Chris Harwood 1970s data, not marked 

PLCP – permanent plots to be set up 2009 

Lavinia Reserve 
 

Rivers 

Gordon River (Jason Bradbury) 

Basslink (Hydro)  

Tourist boats 

CFEV 2000+ database benchmark (John Gooderham):  

• Framework 

• Real and modelled 

• Vegetation and aquatic 

• Validation (Phil Barker) 

• Fish and bug validation (Peter Davies) 

• Early work trout, more recently river health 

TRCI 2000+ 

Database benchmark. 

Flows project – biophysical approach 

Changes to flow regimes 
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Geomorphology, vegetation (North Barker) 

Sediment regimes 

Hydrology (Hydro, DPIW?) 

Wetland deflation basin 

Long-stream section – agricultural areas. 4-6 sites, started 2000-2001 

Channel surveys 

Vegetation plots (riparian) – Buckland 

Seed-bank trials 

Holistic flows – aquatic bugs, fish, geomorphology, riparian vegetation, hydrology, etc. 
(Chris Bobbi) Climate stations 
 

Riparian 

Grazing in riparian lands monitoring (Mike Askey-Doran) 

Riparian vegetation in the Midlands (Mike Askey-Doran) 
 

Threats/ disturbance data set 

Weeds mapping (Vegetation Section DPIW) 

Phytophthora mapping (Vegetation Section DPIW) 

Other diseases? (Vegetation Section DPIW) 

Health surveillance mapping (Forestry Tasmania) 

Coastal/sea level change (Vegetation/Geodiversity and Conservation Management 
Sections DPIW) 

The coastal vegetation data set (Jamie Kirkpatrick) is not relocatable with precision 

Photomonitoring is best for sand dune change (aerial photographs and oblique 
photographs) 

- LIDAR for more accuracy? 

- Is that much accuracy necessary for preserving values? 

Chris Watson – floating GPS system to pick up major coastal changes? 

 

Phytophthora cinnamomi: Mapping in TWWHA, control plots,  

WHA Phytophthora isolation locations and symptom mapping (Tim Rudman DPIW) 
 

Other threats 

Myrtle wilt – rate of spread (late 1980s), five sites, 1 WHA (Packham) 
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Aerial runs Myrtle Wilt (Jill Packham 1990s, Mesibov 2002) 

Operational leaf beetle surveys 

Ironbark forest (E. Sieberi) – frequent fuel reduction impact (Mark Neyland and Mike 
Askey-Doran 1994) 

Forest health surveillance (Forestry Tasmania) 

Rehabilitation trials on the Central Plateau (Geodiversity and Conservation Management 
Section DPIW) 

Eastern Central Plateau grazing impacts – Lake Botsford (Jennie Whinam and Mike 
Comfort DPIW) 

Grazing and geoconservation information– Vale of Belvoir (Jamie Kirkpatrick, Louise 
Gilfedder, Geodiversity and Conservation Management Section DPIW) 

Various weeds data – being put into NVA 

Central Plateau weed survey (Land Conservation Branch DPIW) 
 

Palaeo-vegetation data sets 

Dendrochronology – climate data (Huon pine WHA – better dendro in WHA than in dry 
country) 

High resolution palynology – some 

Long cores (Lake Selina, Darwin Crater) 

Lake Selina: Recently recorded by Les Cwynar et al. To give a much longer and more 
detailed record (will take a few year to work up) (~200,000 yr), hopefully multi-proxy 
(diatoms, chironomids [maybe], pollen etc) 

Darwin Crater (~700,000 yr, but some hiatuses, only partly documented) 

Marine records 

Pollen from near Macquarie Harbour (Guus van der Geer) 

Palaeoclimate records from microplankton (eg. Will Howard) 

Various Holocene and last glacial records 

Including new, high resolution records from Lake Dobson, Eagle Tarn, Platypus Tarn 
(Les Cwynar) 

James’ phytogeographic material on Tasmania, Nothofagus, Atherosperma, Phyllocladus, 
Bellendena (needs to be integrated into climate models).  

Nick Proch’s beetles (not much Holocene material) 

Callitris (D. Bowman, T. Brodribb), historical records are problematic because of dating 
problems (no cross dating means no age control), potentially interesting as a means of 
determining responses to drought 
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Recent stuff (several 1000’s of years) is really patchy but provides ecological information 
on long-term processes. 

Palaeoclimatic data 
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APPENDIX 2: TWWHA species of concern, adapted from Balmer et al. 
2004 

 

Species 
 

Endemic 
status 

Vegetation  
 

TS status 
 

Primitive 
 

Monitor 
 

Vascular plants      
Abrotanella forsteroides endemic A   S 
Abrotanella scapigera  endemic A   S 
Acacia riceana  endemic S   S 
Acaena montana endemic A S   S 
Acion hookeri  endemic B   S 
Acion monocephalum  endemic B   S 
Acradenia frankliniae endemic R S   S 
Actinotus moorei  endemic A B   S 
Agastachys odorata endemic B R S  primitive S 
Allocasuarina monilifera endemic B C S   S 
Allocasuarina zephyrea endemic B   S 
Ammobium calyceroides endemic C   S 
Anemone crassifolia endemic A B   S 
Anisotome procumbens  endemic A   S 
Anodopetalum biglandulosum  endemic R S   S 
Anopterus glandulosus  endemic C R S   S 
Archeria comberi  endemic A  primitive S 
Archeria eriocarpa endemic R S  primitive S 
Archeria hirtella  endemic R S  primitive S 
Archeria serpyllifolia var. minor endemic A R  primitive S 
Archeria serpyllifolia var. serpyllifolia  endemic A R  primitive S 
Aristotelia peduncularis  endemic R S   S 
Asterotrichion discolor endemic S   S 
Athrotaxis cupressoides endemic A R S  primitive M 
Athrotaxis selaginoides endemic A R S  primitive M 
Australopyrum pectinatum  endemic A S   S 
Austrodanthonia diemenica  endemic A   S 
Baeckea leptocaulis endemic B   S 
Banksia marginata    primitive S 
Bedfordia linearis  endemic C S   S 
Bedfordia salicina  endemic C S   S 
Bellendena montana endemic A R S  primitive S 
Blandfordia punicea  endemic A B C R   S 
Boronia citriodora subsp. citriodora  endemic A   S 
Boronia citriodora subsp. Paulwilsonii endemic A B S   S 
Boronia elisabethiae endemic B   S 
Callistemon viridiflorus  endemic B S   S 
Calorophus erostris  endemic A B   S 
Caltha phylloptera endemic A   S 
Campynema lineare endemic A B S  primitive S 
Carex cataractae endemic W   S 
Carpha curvata endemic A B   S 
Carpha rodwayi endemic A   S 
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Celmisia asteliifolia  endemic A B   S 
Celmisia saxifraga  endemic A   S 
Cenarrhenes nitida endemic C R S  primitive S 
Centrolepis monogyna subsp. monogyna  endemic A B   S 
Centrolepis monogyna subsp. paludicola endemic B VU  M 
Centrolepis muscoides endemic A   S 
Centrolepis pedderensis endemic B W e VU  M 
Cheesemania radicata  endemic A   S 
Chiloglottis gunnii endemic C R S   S 
Chionogentias brevisepala endemic A B   S 
Chionogentias demissa  endemic  A   S 
Chionogentias diemensis subsp. 
diemensis  

endemic 
 

A 
   

S 
 

Chionogentias eichleri  endemic A   S 
Chionogentias grandis endemic A   S 
Chionogentias pleurogynoides subsp. 
pleurogynoides 

endemic 
 

A 
   

S 
 

Colobanthus curtisiae  endemic A r VU  M 
Craspedia glabrata  endemic A   S 
Cryptandra alpina endemic A   S 
Cyathea australis    primitive S 
Cyathodes dealbata  endemic A R   S 
Cyathodes glauca endemic  S   S 
Cyathodes straminea endemic A R S   S 
Dicksonia antarctica    primitive S 
Diplarrena latifolia  endemic A B S   S 
Diplaspis cordifolia endemic A B   S 
Diselma archeri endemic A R S  primitive S 
Dracophyllum milliganii endemic A B R S   S 
Dracophyllum minimum endemic A   S 
Ehrharta oreophila var. minor  endemic A   S 
Ehrharta oreophila var. oreophila  endemic A B   S 
Ehrharta tasmanica var. subalpina  endemic A   S 
Ehrharta tasmanica var. tasmanica  endemic B S   S 
Epacris acuminata endemic S  r EN  M 
Epacris corymbiflora endemic B   S 
Epacris heteronema  endemic B C   S 
Epacris mucronulata endemic R S   S 
Epacris myrtifolia  endemic C   S 
Epacris navicularis endemic A   S 
Epacris serpyllifolia  endemic A B C R S  S 
Epilobium fugitivum  endemic W   S 
Epilobium perpusillum endemic R   S 
Erigeron gunnii  endemic A   S 
Erigeron pappocromus endemic A B S   S 
Erigeron stellatus  endemic A   S 
Erigeron trigonus endemic A   S 
Eucalyptus amygdalina endemic C S   S 
Eucalyptus archeri  endemic S   S 
Eucalyptus coccifera endemic A S   S 
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Eucalyptus gunnii  endemic B S   M 
Eucalyptus johnstonii  endemic S   S 
Eucalyptus nitida endemic B C S   S 
Eucalyptus rodwayi  endemic B S   S 
Eucalyptus subcrenulata endemic S   S 
Eucalyptus tenuiramis  endemic C S   S 
Eucalyptus vernicosa  endemic A B   S 
Eucalyptus: other species  B, C, S   S 
Eucryphia lucida  endemic R S   S 
Eucryphia milliganii subsp. milliganii endemic A R S   S 
Eucryphia milliganii subsp. pubescens endemic A R   S 
Euphrasia hookeri  endemic A   S 
Euphrasia striata endemic A B   S 
Ewartia catipes  endemic A   S 
Ewartia meredithiae endemic A   S 
Ewartia planchonii endemic A   S 
Exocarpos humifusus endemic A B R   S 
Festuca plebeia endemic S   S 
Forstera bellidifolia  endemic A B   S 
Gaimardia amblyphylla endemic B   S 
Gaimardia fitzgeraldii endemic  A   S 
Gaultheria lanceolata endemic A S   S 
Gaultheria tasmanica endemic A S   S 
Geum talbotianum endemic A r  M 
Gleichenia abscida  endemic A  primitive S 
Gleichenia alpina    primitive S 
Gleichenia dicarpa     primitive S 
Gleichenia microphylla    primitive S 
Grammitis garrettii  endemic A   S 
Gunnera cordifolia  endemic A   S 
Haemodorum distichophyllum  endemic A B   S 
Hakea epiglottis subsp. epiglottis  endemic B   S 
Helichrysum milliganii endemic A   S 
Helichrysum pumilum var. pumilum  endemic A B   S 
Helichrysum pumilum var. spathulatum endemic A   S 
Hierochloe fraseri  endemic A S   S 
Hydatella filamentosa  endemic A B W   S 
Hymenochilus pratensis  endemic A   S 
Hymenophyllum australe    primitive S 
Hymenophyllum cupressiforme    primitive S 
Hymenophyllum flabellatum    primitive S 
Hymenophyllum marginatum    primitive S 
Hymenophyllum peltatum    primitive S 
Hymenophyllum rarum    primitive S 
Isoetes gunnii  endemic A W  primitive S 
Isoetes humilior  endemic A W r primitive M 
Isoetes muelleri    primitive S 
Isoetes sp.nova MaxwellRiver endemic B K r primitive M 
Isolepis limbata  endemic  W   S 
Isolepis tasmanica endemic W   S 
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Isophysis tasmanica endemic A B   S 
Juncus astreptus  endemic W   S 
Juncus curtisiae  endemic A C   S 
Juncus ratkowskyanus  endemic A   S 
Lachnagrostis collicola  endemic A   S 
Lachnagrostis lacunarum  endemic A   S 
Lagarostrobos franklinii endemic A R S  primitive M 
Leionema montanum endemic A   S 
Leionema oldfieldii endemic A   S 
Lepidosperma inops endemic A C   S 
Lepidosperma oldfieldii  endemic S   S 
Leptecophylla abietina  endemic C   S 
Leptecophylla pogonocalyx  endemic A   S 
Leptomeria glomerata endemic B   S 
Leptospermum glaucescens endemic B C S   S 
Leptospermum nitidum endemic A B S   S 
Leptospermum riparium endemic R S   S 
Leptospermum rupestre  endemic A R S   S 
Leucopogon milliganii endemic A   S 
Leucopogon oreophilus  endemic A B   S 
Linum albidum  endemic A   S 
Lomatia polymorpha endemic A C S  primitive S 
Lomatia tasmanica  endemic R S e CR primitive M 
Lomatia tinctoria endemic S  primitive S 
Luzula poimena   endemic A   S 
Microcachrys tetragona endemic A R  primitive S 
Microsorum pustulatum    primitive S 
Microstrobos niphophilus endemic A R v primitive M 
Milligania densiflora  endemic A   S 
Milligania johnstonii  endemic B K r   M 
Milligania lindoniana  endemic A K   S 
Milligania longifolia endemic R r  M 
Milligania stylosa  endemic A   S 
Monotoca empetrifolia endemic A S   S 
Monotoca linifolia subsp. algida  endemic A   S 
Monotoca linifolia subsp. linifolia endemic S   S 
Monotoca submutica var. autumnalis  endemic S r  M 
Monotoca submutica var. submutica  endemic A B R S   S 
Myriophyllum austropygmaeum endemic A   S 
Nothofagus cunninghamii  A R S  primitive M 
Nothofagus gunnii endemic A R  primitive M 
Nymphoides exigua endemic A B C   S 
Olearia ledifolia   endemic A S   S 
Olearia obcordata  endemic  A   S 
Olearia persoonioides  endemic C R S   S 
Olearia pinifolia endemic A R S   S 
Olearia tasmanica endemic A   S 
Oreobolus acutifolius  endemic  A R   S 
Oreobolus oligocephalus endemic A B   S 
Oreobolus tholicarpus  endemic B K   S 
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Oreomyrrhis gunnii endemic K R   S 
Oreomyrrhis sessiliflora endemic A   S 
Oreoporanthera petalifera  endemic A K r VU  M 
Orites acicularis  endemic A R S  primitive S 
Orites diversifolia endemic A R S  primitive S 
Orites milliganii  endemic A R r primitive M 
Orites revoluta endemic A R  primitive S 
Oschatzia saxifraga endemic A B   S 
Ourisia integrifolia R.Br. endemic A   S 
Ozothamnus antennaria endemic S   S 
Ozothamnus bracteolatus  endemic C   S 
Ozothamnus costatifructus endemic C   S 
Ozothamnus ericifolius  endemic A   S 
Ozothamnus expansifolius endemic A   S 
Ozothamnus ledifolius  endemic A S   S 
Ozothamnus purpurascens endemic S   S 
Ozothamnus reticulatus  endemic C   S 
Ozothamnus rodwayi var. kingii  endemic A   S 
Ozothamnus rodwayi var. oreophilus endemic A   S 
Ozothamnus rodwayi var. rodwayi endemic A R   S 
Pentachondra involucrata  endemic C S   S 
Persoonia gunnii var. gunnii endemic A B R S   S 
Persoonia gunnii var. oblanceolata endemic R S r  M 
Persoonia moscalii Orch.  endemic A B r  M 
Persoonia muelleri subsp. angustifolia endemic C R r  M 
Persoonia muelleri subsp. densifolia endemic R   S 
Persoonia muelleri subsp. muelleri  endemic B R S   S 
Phyllocladus aspleniifolius endemic R S  primitive S 
Pimelea cinerea endemic R S   S 
Pimelea milliganii  endemic A r  M 
Pimelea nivea  endemic C S   S 
Pimelea pygmaea endemic A   S 
Pimelea sericea endemic A S   S 
Planocarpa nitida  endemic A r   M 
Planocarpa petiolaris  endemic A   S 
Planocarpa sulcata endemic A r  M 
Plantago daltonii  endemic A   S 
Plantago glabrata   endemic A S   S 
Plantago gunnii  endemic A   S 
Plantago paradoxa endemic A   S 
Plantago tasmanica var. archeri  endemic A S   S 
Plantago tasmanica var. tasmanica  endemic A   S 
Poa gunnii  endemic A B S   S 
Podocarpus lawrencii    primitive S 
Prasophyllum alpinum  endemic A   S 
Prasophyllum concinnum  endemic C   S 
Prasophyllum rostratum endemic C   S 
Prionotes cerinthoides  endemic A R S  primitive S 
Pseudopanax gunnii   endemic R S   S 
Pterostylis dubia  endemic A   S 
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Pterostylis furcata endemic R S   S 
Pterostylis scabrida endemic R S   S 
Pterygopappus lawrencei  endemic A   S 
Ranunculus collicola endemic A W r  M 
Ranunculus decurvus endemic A W S   S 
Ranunculus jugosus  endemic A W r  M 
Ranunculus nanus  endemic A W   S 
Ranunculus pascuinus endemic A W   S 
Ranunculus setaceus  endemic A W   S 
Ranunculus triplodontus endemic A B W   S 
Richea acerosa  endemic A S   S 
Richea alpina  endemic A   S 
Richea gunnii endemic A R   S 
Richea milliganii  endemic A R   S 
Richea pandanifolia subsp. pandanifolia  endemic A R S   S 
Richea pandanifolia subsp. ramulosa  endemic R   S 
Richea procera endemic A S   S 
Richea scoparia endemic A R S   S 
Richea sprengelioides endemic A R S   S 
Rubus gunnianus endemic A B R   S 
Rytidosperma fortunae-hibernae  endemic A   S 
Rytidosperma nitens  endemic A   S 
Rytidosperma pauciflorum  endemic A   S 
Sagina diemensis endemic A e CR   M 
Schizacme archeri endemic A   S 
Schizaea fistulosa    primitive S 
Schoenus biglumis endemic B W   S 
Schoenus pygmaeus endemic A W   S 
Senecio papillosus  endemic A   S 
Senecio primulaefolius endemic A   S 
Simpliglottis grammata  endemic R S   S 
Speculantha aphylla  endemic C   S 
Sphaerocionium applanatum  endemic R S   S 
Sprengelia distichophylla endemic A B   S 
Spyridium gunnii  endemic W?   S 
Sticherus lobatus    primitive S 
Sticherus tenera    primitive S 
Sticherus urceolatus    primitive S 
Telopea truncata  endemic A R S  primitive S 
Tetracarpaea tasmanica  endemic A R S  primitive S 
Tmesipteris elongata    primitive S 
Tmesipteris oblonga    primitive S 
Todea barbara    primitive S 
Trochocarpa cunninghamii endemic A R S   S 
Trochocarpa disticha  endemic R S   S 
Trochocarpa gunnii  endemic R S   S 
Trochocarpa thymifolia  endemic A S   S 
Wahlenbergia saxicola  endemic A S   S 
Westringia angustifolia endemic S r  M 
Westringia brevifolia var. brevifolia endemic C   S 
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Westringia brevifolia var. raleighii endemic C r  M 
Winifredia sola endemic B   S 
Xyris marginata endemic A B W   S 
Xyris muelleri  endemic B W   S 
Xyris tasmanica  endemic B W   S 
      

Non-vascular plants      
Ambuchanania leucobryoides  endemic    S 
Andreaea eximia  endemic    S 
Arthonia sagenidii  endemic R   S 
Arthonia tasmanica  endemic R   S 
Arthothelium subspectabile  endemic R   S 
Brevianthus flavus  endemic    S 
Calypogeia tasmanica endemic    S 
Cladia moniliformis  endemic A B   S 
Clasmatocolea vermicularis endemic    S 
Dicranoloma burchardtii endemic    S 
Dicranoloma eucamptodontoides endemic    S 
Dicranoloma perichaetiale  endemic    S 
Gyalideopsis graminicola  endemic A   S 
Herbertus oldfieldianus  endemic    S 
Herzogobryum teres  endemic    S 
Hypogymnia tasmanica endemic R S   S 
Isopterygium acuminatum endemic    S 
Isotachis nigella  endemic    S 
Lejeunea norrisii  endemic    S 
Lepidolaena brachyclada  endemic    S 
Megalospora lopadioides Sipman  endemic A R S   S 
Menegazzia corrugata  endemic R S   S 
Menegazzia elongata  endemic S   S 
Menegazzia subbullata  endemic B R S   S 
Micarea isabellina  endemic B R   S 
Micarea mutabilis  endemic R   S 
Plagiochila ratkowskiana endemic    S 
Rhabdodontium buftonii endemic    S 
Schistochila tasmanica endemic    S 
Siphula jamesii endemic A B   S 
Siphulastrum granulatum  endemic S   S 
Siphulella coralloidea endemic B   S 
Tayloria gunnii  endemic    S 
Tayloria tasmanica  endemic    S 
Treubia tasmanica  endemic    S 
      

Marine algae      
Gigartina recurva  endemic M   S 
      

Other infra-specific taxa: vascular 

plants:      
Acacia mucronata subsp. dependens  endemic S r  M 
Astelia alpina var. alpina  endemic A B R S   S 
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Billardiera longiflora var. alpina  endemic A   S 
Billardiera longiflora var. ovalis  endemic C   S 
Dichosciadium ranunculaceum var. 
tasmanicum  

endemic 
 

A 
   

S 
 

Eucalyptus delegatensis subsp. 
Tasmaniensis 

endemic 
 

S 
   

S 
 

Eucalyptus gunnii subsp. divaricata endemic S e EN  M 
Euphrasia collina subsp. diemenica  endemic A   S 
Euphrasia gibbsiae subsp. comberi  endemic A   S 
Euphrasia gibbsiae subsp. discolor  endemic A   S 
Euphrasia gibbsiae subsp. gibbsiae  endemic A   S 
Euphrasia gibbsiae subsp. kingii  endemic B   S 
Euphrasia gibbsiae subsp. microdonta  endemic B   S 
Euphrasia gibbsiae subsp. pulvinestris  endemic A r  M 
Grevillea australis var. erecta  endemic S   S 
Grevillea australis var. montana  endemic A   S 
Leptecophylla juniperina subsp. 
parvifolia  

endemic 
 

A R S 
   

S 
 

Libertia pulchella var. pygmaea  endemic A   S 
Luzula australasica subsp. australasica endemic A   S 
Nematolepis squamea subsp. retusa  endemic S   S 
Olearia phlogopappa var. angustifolia  endemic S   S 
Oreobolus oxycarpus subsp. brownii  endemic A   S 
Pentapogon quadrifidus var. parviflorus  endemic A   S 
Senecio pectinatus var. ochroleucus  endemic A   S 
Senecio pectinatus var. pectinatus  endemic A   S 
Viola hederacea subsp. curtisiae  endemic S r  M 
      
Other infra-specific taxa: non- 

vascular plants:      
Cephaloziella pulcherrima subsp. 
sphagnicola 

endemic 
    

S 
 

Chroodiscus macrocarpus subsp. 
tasmanicus 

endemic 
 

R 
   

S 
 

Dicranoloma billardierei var. 
angustinerve  

endemic 
    

S 
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Key to table 
 
Primitive: genera with evidence of ancient Tasmanian ancestry 
Monitor: suggested monitoring method 
M - monitor directly 
S - monitor by surrogates 
Vegetation  
A - alpine 
B - buttongrass moorland 
C - coast vegetation 
K - karst 
R - rainforest 
S - sclerophyll scrub, forest and woodland 
W - wetland 
TS Status: Threatened species status 
lower case=State listed 
upper case= National listed 
CR critically endangered 
e, EN: endangered 
v, VU: vulnerable 
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APPENDIX 3: Some key fungi collection sites in Tasmania 

 

The locations of key fungi collection sites around the State (G. Gates and D. 

Ratkowsky pers. comm.). Sites in bold are infrequently visited but have high 

biodiversity value. 

Site Easting Northing No. of visits 

Mt Wellington, SE 
tracks 

520405 5248409 132 

Mt Field, Falls loop 475422 5274306 65 

Kermandie Falls 489168 5216967 61 

Warra LTER 474231 5228032 59 

Myrtle Gully 520410 5250260 54 

Myrtle Forest 512253 5253981 41 

Wielangta 569618 5272149 38 

Growling Swallet 459037 5274228 37 

Duckhole Lake 490547 5198460 35 

North West Bay 
River 

516315 5244718 35 

Chauncy Vale 521870 5281718 29 

Mt Mangana 522956 5198427 17 

Clarks Cliffs 563745 5227783 12 

L. St Clair Echo Pt-
Cynthia Bay 

429678 5342472 8 

Scamander 
(Winifred Curtis 
Reserve) 

605748 5406812 5 

Blue Tier 583869 5440409 4 

Evercreech Forest 

Reserve 

580805 5416387 4 

MacGregors Peak 577454 5240598 4 

Great Forester R, 

Scottsdale 

551784 5449959 2 

Mt Cripps karst 397220 5393899 1 
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APPENDIX 4: Responses of cool temperate forest to climate change 
with respect to productivity and pest interactions (modified after 
Pinkard 2008) 

 

Cause Plant response Pest/environment
al response 

Vegetation response 
under climate change 

Elevated CO2  

 

Changes in secondary 
defence mechanisms  

1. Enhanced physical 
barriers such as increased 
leaf toughness 

2. Increased secondary 
defence chemicals 

Browsing 
deterred, but 
competitive 
advantage for 
tolerant pest spp 

1. Competitive 
advantage for host 
spp exhibiting the 
response. 

2. Shifts in 
community 
composition and 
structure  

 

Increased 
temperature, CO2 
and changes in 
seasonality 

Increased scleromorphy 

Changes in phenology 

Decreased snow 
lie, increased fire 
susceptibility, 
increased fire 
frequency and 
intensity, altered 
mutualism 
relations e.g. 
plant/pollinator 
interactions  

Favours 
phenotypically plastic 
species that can grow 
when conditions are 
suitable. 

Species loss, altered 
vegetation 
composition and 
succession, 
stabilisation of fire 
seres loss of snow 
patch communities 

Changed weather 
patterns e.g. 
increased drought 
frequency and 
intensity 

Increased scleromorphy 

Increased tree dieback  

Increased fire 
susceptibility 

 

Altered vegetation 
composition and 
succession, 
stabilisation of fire 
seres 

Elevated T and 
CO2, reduced soil 
moisture  

Increased growth Limited by P Much of TWWHA 
vegetation is in 
oligotrophic 
environments, little 
change? 

 

Elevated T and 
CO2, reduced soil 
moisture 

Changes in phenology  Reproductive 
changes 

Lowered regeneration 
capacity 
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Altered T and 
precipitation 

Changes in spp distributions  Lowered 
occurrence of 
narrowly adapted 
spp 

Most rapid changes at 
ecotonal boundaries, 
including decreased 
vigour and increased 
vulnerability to pests 

Altered T and 
precipitation 

Altered distribution and 
abundance of forest insect 
pests and pathogens 

Need to 
understand 
host/competitor 
interactions to 
make confident 
predictions 

Over wintering 
survival of pests (and 
their predators) 

Increased 
occurrence of 
extreme T 

May favour or disfavour 
particular pests and hosts 

Favours increased fire 
frequency and high intensity 
fires  

  

Elevated CO2
 Pathogen invasion slower 

but growth rates inside 
tissues faster 

Increased fecundity (also 
with inc T and moisture) 

Increased aggressiveness of 
necrotrophic and biotrophic 
pathogens litter increases, 
decomposes slower 
increased host biomass 
increases inoculum 
production. Altered 
interactive dynamics 

Altered mycorrhizal 
composition in accordance 
with plant species response   

  

Elevated CO2 Decreased specific leaf area, 
increased cell density 
reduction in stomatal 
density and aperture 

Increased  
capacity for host 
to resist 
pathogens  

 

Drought Increased attack by stem 
borers, pathogens 
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APPENDIX 5: List of directed research WEBS studies within the 
TWWHA in the period 1987-89  

 
 

Study site Personnel Data type  Comment 

Various alpine J. Kirkpatrick Quadrat data and 
specimens 

1987 and 1988 

Various alpine P. McQuillan Insect pollination of 
alpine flora 

1987 

Various alpine and 
subalpine 

J. Whinam Ecology of 
sphagnum bogs 

1987 

SW Tas limnology P. Tyler Coastal lagoons, 
montane lakes  

1987 1988 Algae 
and micro orgs  

Mt Sprent G. Kantvilas Lichens 1987 

Mt Sprent J. Jarman Bryophytes 1987 

Mt Algonkian, Mt 
Wyllie, PB, Folded 
Ra, Mt Maconochie 

M. Brown King Billy Pine, 
vegetation 

1987 

Weindorfer forest G. Kantvilas Lichens 1988 

Weindorfer forest J. Jarman Bryophytes 1988 

Du Cane 1:25000 
sheet 

J. Kirkpatrick Vegetation mapping 1988 

Various parts of the 
TWWHA 

R. Shivas Plant pathogenic 
lower fungi of the 
TWWHA 

1988 (WA plant 
pathologist) 

Southern Mountains P. Cullen 

 

King Billy Pine rf 
dynamics and 
landslips 

1988 

Mt McCall F. Podger Vegetation, fire 
history 

1988 

Serpentine rock 
areas 

N. Gibson Vegetation 1988, 1989 

Lake Ewart, Eldon 
Bluff lower slopes, 
Eldon Bluff summit, 
Dome Hill 

A. Buchanan Flora 1987 

Mulcahy Bay F. Coates Vegetation and flora 1989 
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Mt Ronald Cross, 
Orb Lake, Sanctuary 
Lake 

J. Packham Myrtle wilt 1989 

Greystone Bluff 
Pine Creek 

A. Shapcott Huon Pine, 
vegetation 

1989 

Bird Plain J. Whinam Sphagnum veg 1989 

SW general L. Gilfedder Five rare plants 1989 

Melaleuca Inlet G. Jordan, T. Bird Pleistocene 
vegetation 

1989 

Melaleuca Inlet D. Keith, B. Pellow Vegetation 1990 

Little Florentine, 
Creepy crawly, 
Serpentine Creek. 
Manuka Creek, 
Cradle Mt visitor 
area, Maria Island, 
Moulters Gap, M 
Rd 

Whalley, G, Kile Xylariaceae 1990 

 

WEBS studies Pelion Plains Mt Ossa (from Driessen et al. 1998) 

Person Study group  Comments 

S. Corbett Vegetation mapping Community 
descriptions and 
some floristics 

K. Wilson and S. 
Jacobs 

Gramineae, Casuarinaceae, 
Cyperaceae, Juncaceae and 
water plants 

Herbarium 
collections 

J. Jarman and G. 
Kantvilas 

Bryophytes and lichens Published in 
Tasforests 6 103-
120 (1994). 
Contains 
community 
descriptions also 

Guy  Fungal endophytes and 
Brassica viruses 

 

M. Driessen et al. 
1998 

Collated species list for 
whole area 
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APPENDIX 6: People consulted  

 

K. Allen G. Gates S. Munks 

M. Askey-Doran N. Gibson M. Neyland 

J. Balmer L. Gilfedder M. Pemberton 

M. Battaglia B. Graham L. Pinkard 

E. Betts S. Harris B. Potts 

D. Bowman C. Harwood W. Potts 

K. Bridle I. Houshold A. Pyrke 

J. Bruce M. Hovenden D. Ratkowsky 

A. Buchanan G. Jordan T. Rudman 

M. Comfort G. Kantvilas J. Sanger 

S. Corbett J. Kirkpatrick C. Spencer 

B. Craven A. Kitchener M. Stone 

J. Davies N. Lawrence J. Styger 

G. Dixon T. Lefroy P. Voller 

M. Driessen J. Marsden-Smedley T. Wardlaw 

F. Duncan L. Mendel J. Whinam 

H. Elliott K. Michaels S. Wood  

F. Faulkner C. Mohammed  
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