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Summary 

In January 2016, following an exceptionally dry spring, lightning storms ignited extensive fires that  

burnt approximately 20,000 ha of the Tasmanian Wilderness World Heritage Area. One of the worst 

affected areas was around Lake Mackenzie, where almost 14,000 ha of fire-sensitive subalpine 

vegetation, including 141 ha of pencil pine (Athrotaxis cupressoides) forest and an unknown area of 

Sphagnum moss communities, were burnt.  Post-fire enquiries recognised the importance of 

Gondwanan refugia, including Sphagnum mireǎΣ ƛƴ ǇǊƻǘŜŎǘƛƴƎ ¢ŀǎƳŀƴƛŀΩǎ ǳƴƛǉǳŜ ōƛƻŘƛǾŜǊǎƛǘȅΣ ŀƴŘ 

identified the need for research into post-fire impact assessment and restoration of these 

communities. This led to the Lake Mackenzie Rehabilitation Trials, funded by what is now the 

Department of Natural Resources and Environment Tasmania (NRE Tas). Funding was awarded to the 

University of Tasmania (UTAS) in mid-нлму άTo test methods to promote recovery, rehabilitation 

and/or maintenance of pencil pine and Sphagnum community values in the TWWHA, where these 

ƘŀǾŜ ōŜŜƴ ŘŀƳŀƎŜŘ ōȅ ŦƛǊŜΣ ǘŀǊƎŜǘƛƴƎ ŀǊŜŀǎ ōǳǊƴǘ ōȅ ǘƘŜ нлмс ōǳǎƘŦƛǊŜǎΦέ 

Between December 2017 and January 2022, UTAS researchers conducted four trials to promote 

recovery, rehabilitation and/or maintenance of pencil pine and Sphagnum communities, specifically: 

1. Investigating the potential to use drones to map the fire severity and area of Sphagnum mires 

burned by the 2016 fires (Chapter 2).  

2. A Sphagnum rehabilitation trial, to test whether various combinations of fertiliser, shadecloth and 

Sphagnum transplants can promote recovery of the Sphagnum mires burnt in the 2016 fire 

(Chapter 2). 

3. A re-survey of adult pencil pines to quantify delayed mortality, resprouting, and presence of 

juveniles (Chapter 3). 

4. A trial of interventions to restore stands of pencil pine (Athrotaxis cupressoides) damaged or 

destroyed by fire. These interventions included sowing seed, transplanting nursery-grown 

seedlings and cuttings, and use of tree guards to protect germinants and transplanted tube stock 

from herbivores (Chapter 4). 

 

The major findings of these trials are: 

1. It is crucial to identify the areas burnt, and assess burn severity, as soon as possible after the 

fire. The two years that elapsed post-fire before starting this work made it more difficult to 

map burn severity using imagery acquired from drones. 
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2. Without treatment, there was little recovery of burnt Sphagnum. Shadecloth promoted 

recovery of Sphagnum burnt at moderate severity, with healthy Sphagnum cover 14% higher 

in shaded compared with unshaded quadrats. The beneficial effects of shadecloth could have 

been even larger if it was applied soon after the fire. By contrast, the fertiliser we applied was 

detrimental to the Sphagnum, with 10% less healthy Sphagnum cover in fertilised than 

unfertilised quadrats in unburnt and moderately burnt quadrats. (There was no effect in 

severely burnt quadrats because almost all the Sphagnum was already dead).  Sphagnum 

transplants resulted in a net loss of Sphagnum from moderately burnt areas, and were 

minimally effective in reintroducing Sphagnum to severely burnt areas. More work is needed 

to develop ways to improve survival of transplanted Sphagnum, for example by restoring the 

hydrology of these areas. 

3. Most mortality of pencil pine occurred within 12 months of the fire, so we recommend early 

assessment of fire impacts on this species. Four years post-fire, mortality averaged 69%, but 

varied according to fire severity, stem size and whether pre-existing fire scars were present. 

There was a little basal resprouting and a few juveniles were present in stands burnt at low 

severity, but none in moderately or severely burnt stands. Our best predictor of stem 

mortality was percent of the canopy scorched. We conclude that by global standards pencil 

pine stems are not unusually sensitive, but rather thaǘ ǘƘŜ ǎǇŜŎƛŜǎΩ ǾǳƭƴŜǊŀōƛƭƛǘȅ ǘƻ ǎŜǾŜǊŜ ŦƛǊŜ 

results from its lack of reliable recovery mechanisms. Interventions such as sowing seed or 

transplanting seedlings or cuttings should be explored as a way of re-establishing fire-killed 

stands. 

4. Our trial implementing these interventions confirmed that there were not many natural 

germinants present in burnt stands of pencil pine, and showed direct sowing of seed produced 

few seedlings, even in small areas protected from herbivory.  More encouragingly, almost two 

years after transplanting, seedlings and cuttings had survival rates of ~74% when protected 

from herbivory (but only 9% when exposed to herbivores). Fifty-six percent of protected 

transplants, but only 1% of unprotected ones, were classed as healthy. An important finding 

was that transplants survived almost as well when planted in stands burnt and killed in 1961 

as they did in stands burnt in 2016. This means managers can implement an ongoing program 

to restore long-dead pencil pine stands, as well as recently burnt ones.  

Overall, this project has highlighted that it is possible to mitigate some of the damage caused by fire 

to sensitive Tasmanian sub-alpine vegetation in the TWWHA, but that it is important to act quickly to 

assess the damage and initiate restoration interventions. Fire frequency and severity are protected to 

ƛƴŎǊŜŀǎŜ ƛƴ ¢ŀǎƳŀƴƛŀΩǎ ŜƭŜǾŀǘŜŘ ŀǊŜŀǎΣ ǘƘǊŜŀǘŜƴƛƴƎ ǘƻ ƻǾŜǊǿƘŜƭƳ ǇǊŜǾƛƻǳǎ ŦƛǊŜ ǊŜŦǳƎƛŀΦ 5ŜǾŜƭƻǇƛƴƎ ǘƘŜ 
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capacity to respond quickly to fires in these areas, using the techniques such as the ones 

recommended in this report, could be the only way of maintaining iconic sub-alpine communities such 

as pencil pine and Sphagnum mires in the landscape of the TWWHA. 
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1. Introduction. Lake Mackenzie Rehabilitation Trials  

 

The Tasmanian Wilderness World Heritage Area (TWWHA) protects globally unique biodiversity, 

including endemic flora and fauna with origins in the supercontinent of Gondwana.  Anthropogenic 

climate change is threatening these Tasmanian paleoendemic species directly through increased 

warming and drying, and indirectly by increasing the occurrence of fires ignited by dry lightning storms 

(Bowman et al. 2019; Bergstrom et al. 2021; Harris et al. 2018). A recent example occurred during the 

summer of 2015-2016. Between 13 January and 24 March 2016, lightning strikes ignited at least 639 

fires throughout the state, 18 of which burnt approximately 20,000 hectares of the Tasmania 

Wilderness World Heritage Area (TWWHA) (Fig. 1.1). This landscape was particularly receptive to 

lightning ignitions due to the low spring rainfall in 2015 and above average summer temperatures 

(Figs 2.3 & 2.4; Bowman et al. 2019; Karoly et al. 2016).  

 

 

Fig. 1.1. Lightning strikes and subsequent fires, summer 2016 (Bowman et al. 2021). 

 

One of the most severely affected areas was around Lake Mackenzie, where almost 14,000 ha of 

subalpine vegetation was burnt. These fires not only burnt fire-adapted vegetation such as Eucalyptus 

forest, but also damaged or destroyed more fire sensitive species such as Athrotaxis cupressoides 
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(pencil pines) and Sphagnum. Approximately 141 ha of pencil pine (Athrotaxis cupressoides) forest 

and an unknown area of Sphagnum mires were burnt (Bowman et al. 2019; Bowman et al. 2021). 

όbƻǘŜ ǘƘŀǘ ΨƳƛǊŜǎΩ ƛƴŎƭǳŘŜ ΨōƻƎǎΩΣ ǿƘƛŎƘ ǊŜŎeive most of their water from rainfall, and are therefore 

nutrient poor and acidicΣ ŀƴŘ ΨŦŜƴǎΩΣ ǿƘƛŎƘ ƎŜǘ Ƴƻǎǘ ƻŦ ǘƘŜƛǊ ǿŀǘŜǊ ŦǊƻƳ ǎƻƛƭ ƻǊ ƎǊƻǳƴŘǿŀǘŜǊΣ ŀƴŘ can 

be richer in nutrients and less acidic than bogs). Sphagnum mires typically exclude fire because under 

normal conditions, the vegetation and organic substrate in which they grow are saturated, but they 

become combustible under extreme drought (Kettridge et al. 2015).  

The 2016 Tasmanian Wilderness Fires sparked global media Interest (Marris 2016) and led to a senate 

enquiry (Senate ECRC 2016) and a Tasmanian government enquiry (Press 2016), with the Tasmanian 

Government identifying significant impacts on conservation values in the region (DPIPWE 2017). The 

enquiries all identified the importance of Gondwanan refugia, including Sphagnum mires, and the 

need to undertake research into post-fire impact assessment and restoration techniques of these 

communities. This led to the Lake Mackenzie Rehabilitation Trials, funded by the then Tasmanian 

Department of Primary Industries, Parks, Water and the Environment (DPIPWE) (now Department of 

Natural Resources and Environment Tasmania (NRE Tas)).  

Tenders were called for the TWWHA Bushfire Recovery: Lake Mackenzie Rehabilitation Trials Project 

ǘƻ ΨŘŜǾŜƭƻǇ ŀƴŘ ǘǊƛŀƭ ƳŜǘƘƻŘǎ ŦƻǊ ǊŜƘŀōƛƭƛǘŀǘƛƻƴ ƻŦ pencil pine stands, Sphagnum peatlands and 

erodible soils in 2016 bushfire affected areas in Lake Mackenzie. The rehabilitation methods 

developed will inform assessment of risks and responses to future fire impacts on fire sensitive alpine 

vegetation and soils in the TWWHA and will assist with mitigating future fire impacts on the 

Outstanding Universal Values ƻŦ ǘƘŜ ¢²²I!Ω ό¢ŀǎƳŀƴƛŀƴ DƻǾŜǊƴƳŜƴǘ ¢ŜƴŘŜǊ ІмтмпύΦ 

The tender document specifying the scope of work includes: 

i. Identify rehabilitation methods (the trials) for pencil pine stands, Sphagnum peatland and        

erodible soils in the area of Lake Mackenzie (TWWHA) impacted by the 2016 bushfires; and 

design a scientifically robust test of those methods. 

ii. Establish procedures for maintenance and monitoring and develop a project plan. 

iii. Implement the rehabilitation trials. 

iv. Monitor, collect and analyse data from the trial rehabilitation sites. 

v. Produce a final report and decision tool or guide. 

Funding was awarded to the University of Tasmania (UTAS) in mid-2018 to conduct the first two 

components of the project, and specifically άTo test methods to promote recovery, rehabilitation 
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and/or maintenance of pencil pine and Sphagnum community values in the TWWHA, where these 

have been damaged by fire, targeting areas burnt by the 2016 bushfires. The analysis of the trials will 

deliver a decision tool or guide to identifying conditions where the application of identified effective 

rehŀōƛƭƛǘŀǘƛƻƴ ƳŜǘƘƻŘǎ Ƴŀȅ ōŜ ǎǳŎŎŜǎǎŦǳƭΦέ 

UTAS researchers implemented four studies to promote recovery, rehabilitation and/or maintenance 

of pencil pine and Sphagnum communities, which are documented in this report: 

1. An investigation of the potential to use unoccupied ŀŜǊƛŀƭ ǾŜƘƛŎƭŜǎ ό¦!±ǎ ƻǊ ΨŘǊƻƴŜǎΩύ ǿƛǘƘ 

visible spectrum sensor technology to map the fire severity and area of Sphagnum 

communities burned by the 2016 fires (Harding et al. 2022) (summarised in Chapter 2, with a 

link to the full report in Chapter 7).  

2. A Sphagnum rehabilitation trial, to test whether various combinations of fertiliser, shadecloth 

and Sphagnum transplants can promote recovery of the Sphagnum communities burnt in the 

2016 fire (Prior et al. 2022) (Chapter 2). 

3. A re-survey of adult pencil pines burnt in the 2016 fires to quantify delayed mortality, 

resprouting, and presence of juveniles, and to determine whether fire impacts can be reliably 

assessed as early as one year after the fire (Bliss et al. 2021) (Chapter 3). This study built on a 

UTAS Honours project conducted on the same trees one-year post-fire (Bliss 2017; Bowman 

et al. 2019). 

4. A trial to assess the effectiveness of interventions to restore stands of pencil pine (Athrotaxis 

cupressoides) damaged or destroyed by fire. These interventions included sowing seed, 

transplanting nursery-grown seedlings and cuttings, and use of tree guards to protect both 

natural germinants and transplants from herbivores (Chapter 4). 

 

Three of the four components of the project are described in individual chapters in this report, with 

the fourth summarised in Chapter 2. Note that establishment reports with full methods and technical 

details are also available, and that several peer-reviewed scientific papers based on this work have 

been published. Chapter 7 provides details of and links to these additional outputs.  

1.1 Regional Climate and Vegetation 

The study area was centred on Lake Mackenzie (41.67 °S, 146.37°E), an impounded lake managed by 

IȅŘǊƻ ¢ŀǎƳŀƴƛŀΦ [ŀƪŜ aŀŎƪŜƴȊƛŜ ƛǎ ƴŜŀǊ ǘƘŜ ŜŘƎŜ ƻŦ ¢ŀǎƳŀƴƛŀΩǎ /ŜƴǘǊŀƭ tƭŀǘŜŀǳ ŀǘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ 

1200 m above sea level, in the far north of the TWHHA (Fig. 1.2). Soils are skeletal on ridges and organic 

on drainage lines and their slopes. The vegetation near Lake Mackenzie is a fine-grained mosaic of 
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wetlands and marshes; alpine heathlands comprised of shrubs such as Richea scoparia, Richea acerosa 

and Orites revoluta; woodlands dominated by Eucalyptus coccifera; grass and sedgeland patches; and 

patches of Gondwanan vegetation, including pencil pine stands (Jackson, 1972). These stands, and 

isolated pencil pine trees, can occur anywhere in the landscape, but are largely concentrated in 

positions that are very rocky or wet, or with sheltering topography; patterns that reflect the 

vulnerability of pencil pines to fire (Bowman et al. 2019; Mariani et al., 2019).  

 

 

 

 

 

 

 

Fig. 1.2. Location of trial sites for the Lake Mackenzie restoration project. Pencil pine interventions in blue, pencil 

pine mortality resurvey sites in green, Sphagnum restoration and UAS survey sites in pink. Lakes are shown in 

pale blue and the 2016 Lake Mackenzie fire footprint is shown in grey.  The small map shows the trial location 

in Tasmania, the black line indicating the boundary of the TWWHA. 

Mean annual precipitation at Lake Mackenzie is 1985 mm (data supplied by Hydro Tasmania). The 

area was exceptionally dry at the time of the fire, but near record rain fell during the following winter 

(Fig. 1.3). From the time of establishing the Sphagnum trial in autumn 2019, precipitation has varied 

from well below average in the spring and summer of 2019/20, to well above average in the autumn 

of 2020. Temperatures at Liawenee, the nearest high-elevation weather station, range from a mean 

monthly minimum of -1.6 °C in July to a mean monthly maximum of 19.1°C in January, with a mean 

annual temperature of 6.9°C (Bureau of Meteorology 2022). There were near-record high 

temperatures in the study region in the summer of 2021/22 (Fig. 2.4), which likely stressed the 

recovering Sphagnum and other vegetation adapted to cool and wet conditions.  
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Fig. 1.3. Precipitation at Lake Mackenzie in relation to the project timeline. (a) Monthly precipitation (bars) in 

relation to long-term averages (dashed lines). Red arrow indicates time of fire, and black arrow, the final field 

measurements. (b) 3-month rolling average precipitation, expressed as a percentage of long-term average. (c) 

Timeline of the study, from the time of the fire to the final measurements. The ticks indicate the start of the 

ȅŜŀǊΦ 5ǊƻƴŜ ƛƴŘƛŎŀǘŜǎ ǘƘŜ ¦!± ǎǘǳŘȅΤ Ψ{ǇƘŀƎ ŜǎǘΩ ƛƴŘƛŎŀǘŜǎ ǘƘŜ period during which the Sphagnum plots were 

ŜǎǘŀōƭƛǎƘŜŘ ŀƴŘ ƛƴƛǘƛŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ ƳŀŘŜΤ Ψ{ǇƘŀƎ ŦƛƴŀƭΩ ǘƘŜ Ŧƛƴŀƭ Sphagnum ƳŜŀǎǳǊŜƳŜƴǘǎΤ ΨtƛƴŜ ǎǳǊǾŜȅмΩ ǘƘŜ 

ƛƴƛǘƛŀƭ ƳƻǊǘŀƭƛǘȅ ǎǳǊǾŜȅ ό.ƻǿƳŀƴ Ŝǘ ŀƭΦ нлмфύΤ ΨtƛƴŜ ǎǳǊǾŜȅ нΩ ǘƘŜ ǊŜŀǎǎŜǎǎƳŜƴǘ ƻŦ ƳƻǊǘŀƭƛǘȅ ό.ƭƛǎǎ Ŝǘ ŀƭΦ нлнмύΤ 

ΨtƛƴŜ ƴǳǊǎŜǊȅΩ ǿƘŜƴ ǎŜŜŘƭƛƴƎǎ ŀƴŘ ŎǳǘǘƛƴƎǎ ǿŜǊŜ ǇǊƻǇŀƎŀǘŜŘ ƛƴ ǘƘŜ ƴǳǊǎŜǊȅΤ ΨtƛƴŜ ŦƛŜƭŘ ǎƻǿƛƴƎΩ ǿƘŜƴ ǎŜŜŘ ǿŀǎ 

ǎƻǿƴ ƛƴ ǘƘŜ ŦƛŜƭŘ ŀƴŘ ƴŀǘǳǊŀƭ ƎŜǊƳƛƴŀƴǘǎ ŎƻǳƴǘŜŘ όŀƴŘ ǎƻƳŜ ǇǊƻǘŜŎǘŜŘ ōȅ ǘǊŜŜ ƎǳŀǊŘǎύΤ ΨtƛƴŜ ǘǊŀƴǎǇƭŀƴǘΩ ǿƘŜƴ 

nursery-ƎǊƻǿƴ ŎǳǘǘƛƴƎǎ ŀƴŘ ǎŜŜŘƭƛƴƎǎ ǿŜǊŜ ǘǊŀƴǎǇƭŀƴǘŜŘ ƛƴǘƻ ǘƘŜ ŦƛŜƭŘΤ ΨtƛƴŜ ŦƛƴŀƭΩ ǿƘŜƴ ƘŜŀƭǘƘ ŀƴŘ ǎǳǊǾƛǾŀƭ ƻŦ  

all seedlings and transplants were assessed 
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2. Sphagnum Restoration Trials 

Background  

There were two facets to the Sphagnum restoration trials at Lake Mackenzie: (1) investigating the use 

of small unoccupied aerial systems (UAS) to identify moderately and severely damaged Sphagnum, 

and (2) testing whether recovery of fire-damaged Sphagnum could be improved by applying 

shadecloth, fertiliser or transplanting healthy Sphagnum. 

The testing of unoccupied aerial systems has been reported on by Harding et al. (2022), and the 

abstract is reproduced in Chapter 7 (Project Outputs). The work is summarised very briefly here, as 

follows. A key step in Sphagnum mire restoration is to develop rapid, broad-scale, cost-effective and 

low impact techniques to survey and identify sites in need of rehabilitation. Traditional on-ground 

mapping and monitoring of fire severity is labour-intensive and can compound fire damage through 

extensive trampling of already impacted areas.  Low spatial resolution remote sensing products, such 

as satellite imagery and aerial photography, are unsuitable for surveying fire severity in Sphagnum 

mires because of their small extent (typically <1-2 ha), complex and fine-scale vegetation mosaics and 

frequent obstruction by cloud cover (De Roos et al. 2018). Small unoccupied aerial systems (UAS) can 

capture imagery at 1-2cm resolution and have previously been used for mapping and monitoring fire 

severity and species compositions in other environments. Therefore, one component of the Lake 

Mackenzie project was to investigate the efficacy of using unoccupied aerial systems (UAS) with visible 

spectrum sensor technology to map the fire severity and area of Sphagnum mires burned by the 2016 

fires (Harding et al. 2022). This study found poor to moderate agreement between the UAS and field-

assessed fire severity.  Importantly, results varied between the three mires studied. There was 

acceptable agreement between field and remotely-sensed assessments of damage to Sphagnum in 

the mire with high Sphagnum cover. However, agreement was poor in areas with high grass cover (Fig. 

2.1), highlighting the importance of acquiring imagery immediately after fire.  Further work will be 

required to evaluate the potential of UAS to identify areas of Sphagnum suitable for rehabilitation 

efforts if such imagery can be acquired. 
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Fig. 2.1. Post-fire regrowth of grasses reduced accuracy of automated mapping of area burned. Image credit. 

Darren Turner. 

Sphagnum moss and Sphagnum peatlands 

Sphagnum is a genus of about 380 species of moss, but only about 10 species occur in Tasmania 

(Wikipedia 2022; Whinam et al. 2003). The most common of these is S. cristatum. Sphagnum 

peatlands have a very restricted occurrence in Australia, where they are mainly found in montane and 

alpine regions in poorly drained, infertile sites. The major factor limiting the development of 

Sphagnum peatlands in Australia is moisture availability, and in particular evapotranspiration in the 

driest month (Whinam et al. 2003). Alpine Sphagnum mires and associated fens occupy an estimated 

3100 ha in Tasmania, mainly in the Tasmanian Central Highlands and Tasmanian Southern Ranges 

ōƛƻǊŜƎƛƻƴǎΣ ŀƴŘ ΨSphagnum ǇŜŀǘƭŀƴŘǎΩ ŀǊŜ ƭƛǎǘŜŘ ŀǎ ǊŀǊŜ ƛƴ ¢ŀǎƳŀƴƛŀ ό¢ƘǊŜŀǘŜƴŜŘ {ǇŜŎƛŜǎ {ŎƛŜƴǘƛŦƛŎ 

Committee 2009). ΨAlpine Sphagnum bogǎ ŀƴŘ ŀǎǎƻŎƛŀǘŜŘ ŦŜƴǎΩ ŀǊŜ ƭƛǎǘŜŘ ŀǎ ŀ ǘƘǊŜŀǘŜƴŜŘ ŜŎƻƭƻƎƛŎŀƭ 

community at a national level, due to their small size and threats they are facing from climate change 

and associated increased fire risk (DEWHA 2009).  

Peatlands often occur embedded within a mineral soil mosaic, and there are feedbacks that reinforce 

their stability. A high water table generally favours Sphagnum moss species, and promotes acidic 

conditions with slow decomposition of organic matter, leading to deep organic layers with very high 

water holding capacity and reducing surface runoff.  Fire is very infrequent because waterlogged peat 

does not burn, leading to more accumulation of peat and greater water retention in the landscape. 

However, climatic drying, grazing and trampling by animals or hydrological disturbance can damage 

peatlands through soil compaction, increased drainage and runoff, and soil erosion. For example, 
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burning can be five-fold deeper at peatland margins than in the middle, due to dense peat and low 

moisture content, so repeated fires can progressively reduce the amount of peat in the landscape 

(Lukenbach et al. 2015). Thus, repeated, severe fire disturbance can overwhelm the stabilising 

influences on peatlands and convert organic to mineral soils, especially where climatic conditions are 

marginal (French et al. 2016).   

Peatlands provide valuable ecosystem services such as water storage, flow regulation and run-off 

filtering (Wikipedia 2022). Peatlands can also accumulate large amounts of carbon, which is usually 

stable if the sites retain their moisture (Hope and Nanson 2014). However, these carbon stores are 

vulnerable to fire or other disturbance. Bioclimatic modelling shows marked shrinkage of the present 

bioclimatic space for peatlands as a direct consequence of climate change (Gallego-Sala and Prentice 

2013). 

2.1 Post-fire restoration of Sphagnum 

Sphagnum is especially vulnerable to the effects of fire, the frequency and severity of which are 

increasing due to climate change (Threatened Species Scientific Committee 2009). Fire can 

immediately kill Sphagnum and other peatland species if they are sufficiently dry, but it can also 

permanently affect peatland hydrology (Whinam et al. 2001). For example, fire decreases moisture 

retention and increases water repellency of the peat substrate, which in turn can change mire 

drainage patterns (Kettridge et al. 2014). When Sphagnum is burned, it also changes the albedo of 

mires, increasing daytime surface temperatures and exacerbating hydrological changes (Kettridge et 

al. 2012).  

In 2003, fires burned large areas of the Australian Alps in mainland Australia, damaging Sphagnum 

mires (Good et al. 2010). Studies following the 2003 fires found that fire immediately caused a marked 

reduction in Sphagnum cover, which had not recovered fully after a decade, despite localised 

recolonisation (Whinam et al. 2010; McDougall et al. 2015).  The poor recovery was related to the 

limited ability of Sphagnum mosses to recolonise bare organic soils after fire or mechanical 

disturbance. Water tables near the soil surface are critical in allowing Sphagnum to re-establish after 

wildfire (Lukenbach et al. 2015; Chimner et al. 2017). Another important factor for Sphagnum 

regeneration is shade, which protects against high ultraviolet light levels, high temperatures and 

desiccation (Good et al. 2010).  This shade effect was apparent in the Australian Alps, where Sphagnum 

regenerated fastest where there was free-standing water and shade from mire plants such as Carex 

and Empodisma species. Such observations indicate there is potential to intervene to accelerate the 

natural recovery of fire-affected Sphagnum communities. 
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At the time of the 2003 fires, little was known about the restoration of Sphagnum mires in Australia, 

because fires have been historically infrequent, and there has been little peat mining. Most studies of 

Sphagnum restoration ecology have been conducted in the Northern Hemisphere, but these largely 

focus on restoration following peat extraction, in areas accessible to heavy equipment (Clarkson et al. 

2017). Because of environmental differences and differing effects of peat extraction and wildfire, it is 

not easy to transfer the Sphagnum mire restoration approaches developed in the the northern 

hemisphere to Australia, especially as Australian Sphagnum communities are comparatively small and 

occur in fragile, remote alpine environments typically accessible only on foot or by helicopter. 

Therefore, Australian approaches developed after the 2003 fires involved simple treatments including 

various combinations of shading, rewetting, and transplantation of healthy Sphagnum blocks into fire-

affected hummocks (Whinam et al. 2010). The recovery of Sphagnum observed in these trials was 

slow and complex, but some interventions, particularly shading and combined transplant and fertiliser 

treatments, doubled recovery rates during the four years post-fire. 

In Tasmania, the damage caused to Sphagnum mires by the 2016 fires, and the likelihood of more 

frequent fires in the future, provided an impetus to develop methods to promote recovery and 

restoration of fire-damaged Sphagnum communities in the TWWHA. The funding for the Lake 

Mackenzie Rehabilitation Trials allowed us to test in Tasmania the interventions found most promising 

in the Australian Alps. Specifically, we established a field experiment to evaluate the effect of 

shadecloth, fertiliser and Sphagnum transplant treatments on the cover of healthy, damaged and 

killed Sphagnum (Nichols et al. 2022; Prior et al. 2022).  We targeted eight environmentally similar 

mires, six of which were burnt in the 2016 wildfires (Fig. 2.2).  

Trial Objectives  

The specific objectives of this trial were to:  

i. Monitor the change in cover of healthy, damaged and killed Sphagnum in mires burnt in the 

2016 Lake Mackenzie fires, and in two unburnt mires. 

ii. Test whether recovery of Sphagnum in moderately and severely burnt experimental quadrats 

was improved by applying shadecloth, fertiliser or transplanting healthy Sphagnum. 

iii. Assess changes in cover of other life forms such as other bryophytes, ferns and shrubs in 

relation to burn severity and applied treatments. 

iv. Make management recommendations for work following future fires. 
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2.2  Geographic context 

 

Fig. 2.2. Location of the six burnt and two unburnt mires used as study sites in the Lake Mackenzie Sphagnum 

restoration trials. The 2016 Lake Mackenzie fire footprint is shown in pink, with mires shown in green and the 

black line indicating the boundary of the TWWHA. The small map shows the study location in Tasmania. 

 

The study sites were situated within 8 km of Lake Mackenzie (41.67 °S, 146.37°E), an impounded lake 

managed by Hydro Tasmania (Fig. 2.2). The area was exceptionally dry at the time of the fire, but near 

record rain fell during the following winter (Fig. 2.3). Precipitation was close to average in the lead up 

to establishing the first quadrats in autumn 2019, but was well below average in the spring and 

summer of 2019/20 when the second set of quadrats were established, and again in the winter and 

spring of 2020 after the last set of quadrats were established, as well as the summer of 2021/22, 

immediately before the final survey. The summer of 2021/22 was also very much hotter than average 

across Tasmania (Fig. 2.4), intensifying the effects of the dry summer. 
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Fig. 2.3. (a) Precipitation at Lake Mackenzie from the lead up to the fire to the end of the trials. Monthly 

precipitation totals (bars) in relation to long-term averages (blue dashed lines) between January 2015 and May 

2022. The ticks indicate the start of the year. Note the precipitation deficiencies immediately before the fire (red 

arrow) and again in late 2019 and spring of 2020. Green arrows indicate establishment of Sphagnum study plots 

and the black arrow, final measurements. Precipitation data from Hydro Tasmania.  

 

 

Fig. 2.4. Mean temperature deciles for Tasmania in January 2022, showing near-record high temperatures in our 

study region, and maximum temperature deciles for summer of 2021/22, showing temperatures were very much 

above average (Decile 10). From Bureau of Meteorology (2022) 

 

2.3 Study sites 

Six burnt and two unburnt Sphagnum mires were selected as study sites (Fig. 2.5), based on imagery 

collected using a fixed-wing manned aircraft. The extent of Sphagnum cover and the area burnt in 

each mire were then evaluated using high resolution imagery acquired from an unoccupied aerial  
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Fig. 2.5. Photos illustrating (a) unburnt mire; 

(b) burnt landscape surrounding Parsons East 

mire; (c)& (d) heterogeneity of Sphagnum 

and other vegetation at Eagle Valley mire. 

Note the fringe of healthy Sphagnum at the 

edge of the pools; (e) quadrats at Parsons 

East and (f) Jacks Lagoon; (g) establishing 

quadrats at the Fire Edge site. (Image credits- 

Scott Nichols, except (c) and (d) Lynda Prior)  
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vehicle (UAV) (Harding et al. 2022). The UAV imagery captured all Sphagnum patches within a 

contiguous area of the mire, and included a narrow buffer of non-Sphagnum vegetation (> 1 m). Next, 

a geographic information system was used to create a polygon to define the perimeter of the mire, 

following vegetation boundaries where possible (noting this boundary sometimes arbitrarily 

segmented homogeneous tracts of non-Sphagnum vegetation) and ensuring that all Sphagnum 

patches apparent on the imagery were included. Analysis of the mapping based on the UAV imagery 

showed that 20-84% of the area of the six burnt mires had been covered in Sphagnum before the fire, 

and that more than 90% of the Sphagnum cover had been burned by the 2019 fire (Fig. 2.6; Table 2.1; 

Table 2.2). The unburned mires had approximately 10% (Unburnt 1) and 5% (Unburnt 2) Sphagnum 

cover. 

 

Fig. 2.6. UAV images of each burnt mire showing areas classed as burnt Sphagnum, unburnt Sphagnum, burnt 

other vegetation, unburnt other vegetation and free water. The areas of each are summarised in Table 2.1. 

Validation of these assessments is shown in Table 2.2. 

We validated our mapping using the locations of study quadrats, which were all established in 

vegetation identified in the field as burnt Sphagnum. This showed that 89.5% of quadrats were in 

vegetation that was correctly classified. Inspection of the maps showed that the 10.5% of points 

incorrectly classified were located very close to areas classed as burnt Sphagnum, and the discrepancy 

was due to the coarser scale of the vegetation mapping (5x 5 m grid, compared with 1 x 1 m quadrats) 

and possibly to slight inaccuracies in the hand-held GPS.  
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Table 2.1. Summary of the eight Sphagnum mires used as study sites in the Lake Mackenzie Sphagnum 

restoration trials. All sites had a slope of <2% and a south-easterly aspect. Trial dates, and the number of 

quadrats at each site, are also shown. The cover of burnt and unburnt Sphagnum and other vegetation and free 

water in the whole of each mire was assessed using UAV imagery (Fig. 2.6). This is unlike the other cover values 

presented in this report, which are based on the study quadrats, and were positioned to stratify our 

experimental design, rather than randomly sample the mires. Geocoordinates of individual quadrats are in the 

data repository. 

 

Site 
Eagle 

Valley 

Fire 

Edge 

Gun 

Lagoon 

Heath 

Central 

Jacks 

Lagoon 

Parsons 

East 

Unburnt 

1 

Unburnt 

2 

Site code EV FE GL HC JL PE UB1 UB2 

Easting 448493 448032 443423 445868 445405 449478 442921 449189 

Northing 5384107 5383494 5390877 5389093 538665 5388124 5390877 5383725 

Elevation (m)  1210 1253 1247 1132 1266 1201 1297 1170 

Area (ha) 1.69 0.5 3.09 0.43 1.15 0.38 2.36 2.01 

Shape Elongate Elongate Elongate Globular Globular Elongate Elongate Elongate 

Cover - whole mire (%) 

Burnt 

Sphagnum 
83.1 53.4 19.8 77.2 39.5 36.9 NA NA 

Unburnt 

Sphagnum 
0.8 1 0 2.4 0.5 1.1 NA NA 

Burnt other 8 38.4 73 18.6 56.5 52.3 NA NA 

Unburnt other 0.4 0 0 1.8 0 6.8 NA NA 

Water 7.7 7.1 7.2 0 3.4 2.8 NA NA 

Trial summary 

Number of 

quadrats 
84 84 84 84 84 84 20 20 

Establishment 

Date 
Mar-19 Oct-19 Feb-20 Apr-19 Nov-19 Mar-19 Mar-20 Mar-20 

Remeasurement 

Date 
Feb-22 Mar-22 Mar-22 Feb-22 Mar-22 Feb-22 Mar-22 Feb-22 

Summer 

growing seasons 
3 3 2 3 3 3 2 2 
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Table 2.2. Validation of mapping of burnt mires using experimental quadrats. 

 

 

 

 

 

 

 

Reconnaissance of the study area commenced in late 2018, research permits were approved in 

February 2019 and the first quadrats were established in March 2019. Most research sites were 

accessed on foot from trails starting at the end of the Lake Mackenzie Road (E448431, S5385756). Key 

geospatial attributes of the study sites and survey dates are summarised in Table 2.1. A detailed 

description of each mire is given in Appendix 1 of the Sphagnum Establishment Report (Nichols et al. 

2022). 

 

2.4 Establishment of study quadrats 

We used a stratified study design, in which we assigned six treatments, including an untreated control, 

to quadrats in areas burnt at moderate severity (visually assessed as >0% Sphagnum damaged or 

killed, but <75% killed) or high severity όҗ тр҈ ƪƛƭƭŜŘύ in each of the six burned mires (Fig. 2.6). We also 

applied four of these treatments to quadrats in the two unburnt mires. Examples of healthy Sphagnum 

in unburnt quadrats, damaged Sphagnum in moderate severity quadrats and killed Sphagnum in 

severely burnt quadrats are shown in Fig. 2.7.  At each burnt mire, seven replicates of six treatments 

were assigned to quadrats in areas burnt at low and high severity (Table 2.3). Thus, at each burnt mire 

we established a total of 84 quadrats, allocated evenly between areas burnt at moderate severity and 

high severity. We also established 20 quadrats in each of two unburned mires. These were located 

haphazardly, but at least 5 m distant from any neighbouring quadrat. We applied five replicates of 

four treatments to quadrats in both unburnt mires. In total, 544 permanent quadrats were established 

to assess the initial vegetation cover in the various mires and severity classes, and measure how it 

changed with time. Our focus was on the Sphagnum, but we also measured cover of other vegetation 

such as other mosses, ferns, grasses and shrubs (Table 3 and Appendix 2 of the establishment report 

by Nichols et al. 2022; Prior et al. 2022).  

 

Mapping classification Number of quadrats Relative frequency (%) 

Burnt Sphagnum 433 89.5 

Burnt other 47 9.7 

Free water 4 0.8 

Unburnt Sphagnum 0 0 

Unburnt other 0 0 
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Fig. 2.7. Examples of healthy Sphagnum in unburnt quadrats (top row), damaged Sphagnum in moderately burnt 

quadrats (middle row) and killed Sphagnum in severely burnt quadrats (bottom row). These also illustrate the 

diversity of vegetation at the study sites. (Image credits.  Scott Nichols) 
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Table 2.3: Study design showing the total number of study quadrats according to treatments and burn classes 

(shaded treatments shown in grey).  

Burn 

Class 

Control Fertiliser Transplant 

& 

Fertiliser 

Shade Shade & 

Fertiliser 

Shade & 

Transplant 

& Fertiliser   

TOTAL 

Unburnt 10 10 - 10 10 - 40 

Moderate 42 42 42 42 42 42 252 

Severe 42 42 42 42 42 42 252 

TOTAL 94 94 84 94 94 84 544 

 

2.5 Imposition of experimental treatments 

After measuring the initial vegetation characteristics of our study quadrats, we imposed the 

experimental treatments, which consisted of various combinations of three interventions: shade (Fig. 

2.8 a), fertiliser and transplants (Fig. 2.8 b,c); more details are given in Appendix 1 of Nichols et al. 

(2022) and Prior et al. (2022). These have been shown to promote post-fire recovery of Sphagnum in 

the Australian Alps (Whinam et al. 2010). The three interventions were combined in an incomplete 

factorial design to give a total of six treatments, as follows (Table 2.3). There were four possible 

combinations of shade and fertiliser, and we applied these four treatments to all burnt and unburnt 

sites. However, we minimised the number of quadrats receiving Sphagnum transplants because of the 

likely adverse effects on donor sites (Fig. 2.8 d). Therefore, we did not transplant Sphagnum into 

unburnt quadrats, and we did not use all possible combinations of fertiliser and shade with the 

transplants. Expert advice suggested that all transplants should receive fertiliser, so we omitted the 

treatments without fertiliser. Thus, only two transplant treatments were applied (Transplant + 

Fertiliser and Transplant + Fertiliser + Shade), and then to only the burnt sites. The applied treatments 

are summarised in Table 2.3 and full details, including shade-square design and installation technique 

are given in Appendix 1 of Nichols et al. (2022). 
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Fig. 2.8. (a) Shadecloth squares; (b, c) Healthy transplanted Sphagnum; (d) example of a donor site (Image 

credits. Scott Nichols) 

2.6 Data Analysis  

We investigated differences in initial cover of Sphagnum and other vegetation in relation to burn 

severity class and site using Excel and the statistical software R (R Core Team 2022). Our statistical 

approach uses generalised linear modelling, multi-model inference and model selection based on 

!ƪŀƛƪŜΩǎ ƛƴŦƻǊƳŀǘƛƻƴ ŎǊƛǘŜǊƛƻƴ ό!L/ύΣ ǿƘƛŎƘ ōŀƭŀƴŎŜǎ ƳƻŘŜƭ ōƛŀǎ ŀƴŘ ǎƛƳǇƭƛŎƛǘȅ ό.ǳǊƴƘŀƳ ŀƴŘ !ƴŘŜǊǎƻƴ 

2001). This approach has important advantages over traditional hypothesis testing based on 

frequentist statistics, especially in avoiding many of the problems associated with backward or 

forward variable selection in regression analysis. 

We compared generalised linear equations containing the terms burnt (burnt vs unburnt), burn 

severity class (unburnt, moderate, severe) and site, to evaluate the strongest influences on the various 

types of cover. Changes in the cover of Sphagnum and other vegetation, between establishment of 

quadrats and the final measurements, were analysed in relation to our applied treatments and burn 

severity, using site as a random effect to account for spatial correlation in the data. For full statistical 

details please refer to Prior et al. (2022). 

 

 

(a)  (b)  

(c)  (d)  
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2.7 Results 

Initial vegetation cover of study quadrats 

Total Sphagnum cover in individual study quadrats ranged from 70-100% (average 97%), although in 

the burnt sites, much was damaged or killed. Moderate burn severity quadrats had on average 41% 

killed, 51% damaged and 4% healthy Sphagnum cover (Fig. 2.9a). By comparison, severely burnt 

quadrats averaged 97% killed, 0.6% damaged and 0.05% healthy Sphagnum cover. 

 

 

Fig. 2.9. (a) Cover of healthy, damaged and killed Sphagnum in relation to Burn Class when quadrats were 

established (initial); and (b) remeasured cover (final) in the untreated control quadrats. All differences in cover 

among Burn Classes were significant, except for the final cover of damaged Sphagnum between unburnt and 

moderately burnt quadrats. 

Restionaceae and grasses were major vegetation types across most mires, and other bryophytes and 

herbs were important at several (Table 2.4). No threatened species were observed, and there were 

few, if any, introduced species. In two quadrats we observed Senecio plants that were possibly exotic 

species, although we are uncertain about species identity. Some of the grasses at Heath Central could 

have been the introduced Tall Fescue, but again we were uncertain of their identity.  

The most obvious effect of burning on species other than Sphagnum was that burnt quadrats had very 

little cover of Richea or other shrubs (Table 2.4). Most other cover variables varied more according to 

sites than with burning. The most striking difference in vegetation composition amongst the sites was 

that Gleichenia cover averaged 35% in quadrats at one unburnt site, but it was less than 2% at all other 

sites. Live pencil pines were found only at Eagle Valley and Unburnt 2, while dead pencil pines were 

also found at Fire Edge.  
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Table 2.4. Initial cover of Sphagnum and other vegetation at all eight mires.  (i) Average initial cover of the three Sphagnum 

health classes (ii) other cover variables and (iii) counts of pencil pines and scats in the study quadrats. Sphagnum cover 

variables were most closely related to quadrat Burn Class. Shrub cover (both Richea and other) was strongly associated with 

whether the quadrat had burnt or not, but other variables were most strongly related to Site differences (which include 

differences between burnt and unburnt sites, as well as differences amongst sites unrelated to burning). See Prior et al. 

(2022) for statistical details. 

 

 
Eagle 

Valley Fire Edge 

Gun 

Lagoon 

Heath 

Central 

Jacks 

Lagoon 

Parsons 

East 

Unburnt 

1 

Unburnt 

2 

(i) Sphagnum cover in study quadrats (%) 

Killed 76 67 69 69 75 57 0 0 

Damaged 17 28 29 27 22 32 0 0 

Healthy 3 0 2 3 0 4 100 100 

(ii) Other cover in study quadrats (%) 

Richea 0.02 0 0.01 0 0 0 1.4 2.9 

Shrubs- other 0.2 0.1 0.6 0.7 0.4 0.3 6.1 7.1 

Restionaceae 7.5 3.3 9.0 11.6 4.7 11.0 15.8 5.9 

Grasses 0.8 5.5 5.4 6.5 2.2 8.5 7.3 1.0 

Herbs 0.9 0.7 2.6 6.2 1.6 5.7 8.6 0.6 

Gleichenia 0.2 0.2 1.3 1.6 0.8 1.1 0 34.7 

Ferns- other 0 0 0 0 0 0.2 0 0 

Bryophytes - other 0.8 7.0 5.0 1.7 8.1 5.2 0.7 1.4 

Threatened species 0 0 0 0 0 0 0 0 

Weeds 0 0 0 0 0 0.1 0 0 

Wood Dead 2.2 0.8 0.1 3.4 0.4 2.1 0 0.2 

Athrotaxis foliage 4.0 1.8 0 0 0.1 0 0 0.3 

(iii) Counts of pencil pines trees and scats 

Live pencil pines 0.1 0 0 0 0 0 0 0.1 

Dead pencil pines 2.0 2.9 0 0 0 0 0 0 

Scats 1.2 2.7 0.9 1.0 0.8 0.8 1.3 2.1 
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Change in Sphagnum cover between initial and final assessments 

Without any intervention, there were substantial changes in Sphagnum health between the initial and 

final measurements. The changes were largest in the moderately burnt quadrats, where most 

damaged Sphagnum either died or recovered between the initial and final assessments (Fig. 2.9). By 

contrast, there was little change in Sphagnum health in the severely burnt control quadrats because, 

by design, most of the Sphagnum was already dead when these quadrats were established, and very 

little recovery occurred. In unburnt quadrats all Sphagnum was initially healthy, but 6% was classed 

as damaged in the final assessment. 

Burn Class strongly influenced the change in Sphagnum cover, but Treatments and their interaction 

with Burn Class were also important (Fig. 2.10; Fig. 2.11). As for the untreated quadrats, overall 

changes were largest in moderately burnt quadrats. Shade was very beneficial to Sphagnum health 

(Fig. 2.10; Fig. 2.11; Fig. 2.12). The three treatments that included shade (on its own, or in combination 

with fertiliser or fertiliser and transplants) all had substantially higher cover of healthy Sphagnum, and 

lower cover of killed Sphagnum, than the corresponding treatments without shade, especially in the 

moderate Burn Class. On average, in moderately burnt quadrats, the change in healthy Sphagnum was 

14% higher, and dead Sphagnum 16% lower, in quadrats with shadecloth than those without it (Fig. 

2.12).  

 

 

 

 

 

 

 

 

 

 

Fig. 2.10. The striking difference shadecloth made to Sphagnum recovery is shown in this quadrat at Eagle Valley 

(Image credit. Scott Nichols)  

 

a) b) 
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By contrast, fertiliser was detrimental to Sphagnum health, with significant or near-significant declines 

in cover of healthy Sphagnum, and increases in killed Sphagnum (Fig. 2.11; Fig. 2.12). In unburnt and 

moderately burnt areas, healthy Sphagnum cover declined about 10% more in fertilised compared 

with unfertilised quadrats (Fig. 2.11; Fig. 2.12). There was little benefit of transplanting healthy 

Sphagnum into the moderately burnt quadrats, but in the severely burnt quadrats, transplanting led 

to a small (2.5%) increase in the cover of healthy Sphagnum, and a decrease (5%) in killed Sphagnum 

(Fig. 2.12). Note that the gain in healthy Sphagnum was much less than the 16% of the area filled by 

the transplanted Sphagnum.  

 

Fig. 2.11. Cover of healthy, damaged and killed Sphagnum at the end of the experiment, in relation to Burn Class 

(unburnt, damaged and killed) and Treatment.  Left hand panels are unshaded, those on the right, the 

corresponding shaded treatment. C is the untreated control, F is fertiliser, T is transplant. Transplant quadrats 

received 16% cover of healthy Sphagnum, but little survived.  
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Fig. 2.12. Change in cover of healthy, damaged and killed Sphagnum in the three Burn Classes relation to Shade, 

Fertiliser and Transplant treatments (on their own, or in combination). Bars indicate 95% confidence intervals; 

if they do not overlap zero (dashed line), effects are considered statistically important. The intercept indicates 

the change in cover of untreated control quadrats, and the other coefficients show changes relative to this.  
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Fig. 2.13. Change in cover of other vegetation, and the final scat count, in relation to treatment and whether the 

site was burnt. U is unburnt and B is burnt. Only quadrats with that vegetation type present at the initial and/or 

final measurement are included. C is untreated control, F is fertiliser, S is shadecloth, SF is shadecloth and 

fertiliser, TF is transplant and fertiliser, and TSF is transplant, shadecloth and fertiliser. 
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Change in cover of other vegetation between initial and final assessments 

Change in shrub cover was affected by burning but not by treatment, with an increase in the burnt 

but not the unburnt quadrats (Fig. 2.13). For other types of vegetation, the reverse applied, with a 

strong treatment effect but little or no effect of burning. The cover of Restionaceae, grasses, herbs 

and Gleichenia were all favoured by shadecloth. There were also very few scats in quadrats covered 

by shadecloth. Fertiliser application increased the cover of other bryophytes, especially in burnt 

quadrats. No other vegetation type was advantaged by fertiliser.  

2.8 Discussion 

Our field experiment has shown that Sphagnum mires in Tasmania recover very slowly after fire, 

especially if they are severely burnt. Natural recovery depends on the presence of some surviving 

Sphagnum, and we showed the rate of recovery can be increased by providing shade. These findings 

are consistent with previous understanding of the ecology and restoration of Sphagnum mires. 

However, unlike in trials in the Australian Alps, fertiliser appeared to be harmful to Sphagnum. 

Another point of difference with the Australian Alps trials is that we had limited success with 

transplanting healthy Sphagnum into burnt areas. Based on our findings, we make recommendations 

for Sphagnum restoration interventions in Tasmanian sub-alpine areas, and discuss their constraints. 

Like other mosses, Sphagnum species do not have a seedbank and lack any adaptation to protect 

themselves from fire damage, a disturbance they are usually protected from because of their typically 

waterlogged habitat. Our study agrees with previous studies showing that Sphagnum recovers from 

living fragments that survived the fire, with limited recovery when cover is below 10% (McDougall 

2007; Clarkson et al. 2017).  Without surviving Sphagnum, there is no vegetative recovery and eventual 

return of Sphagnum cover depends upon recolonisation from spores (Johnson 2001; McDougall 2007). 

Typical of many growth processes, others have found post-fire recovery is very slow initially, but it 

accelerates until full cover is regained (Johnson 2001; McDougall et al. 2015). Based on these studies, 

and our own observations, we surmise that in the Lake Mackenzie area, full recovery of moderately 

burned areas is likely to take decades, and severely burned patches are unlikely to recover without 

massive and sustained restoration effort.   

A clear result of our experiment is that shade can increase the rate of post-fire recovery of Sphagnum, 

aligning with studies elsewhere (Good et al. 2010; Graf and Rochefort 2010; Whinam et al. 2010).  We 

found that shading also benefits growth of plants such as Restionaceae, grasses, herbs and Gleichenia. 

Whether these will act as competitors or serve as nurse crops for Sphagnum is unknown. Additionally, 
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increased grass and shrub cover could elevate fire risk (Holz et al. 2015; Prior et al. 2017; Bowman et 

al. 2019).  

Based on this experiment, we can recommend using shadecloth in restoration programs. Shadecloth 

also promoted the recovery of Sphagnum mires in the Australian Alps. We point out that our 

shadecloth treatment differed from that used in the Australian Alps was that we applied shadecloth 

to 1 m2 quadrats, but in the Australian Alps it was rolled out post-fire in 20 m lengths to cover a total 

of 6000 m2 (Good et al. 2010; Whinam et al. 2010). The use of small areas of shadecloth is likely a 

more practical approach in Tasmania given the high cover of shrubs in these communities, and it could 

also allow more shrubs to establish adjacent to shaded areas to possibly act as nurse plants for 

Sphagnum. Shadecloth has other effects, such as probable protection from herbivory, with very few 

scats being present in quadrats covered by shadecloth.  Shadecloth could also inhibit the 

establishment of shrubs if it remained in place for years, and whether this would affect the long-term 

persistence of Sphagnum is unclear, noting unburnt Tasmanian Sphagnum mires have a 

characteristically well-developed shrub layer, which provides some natural protection against direct 

solar radiation.  It is not known how long the beneficial effects of shadecloth persist after removal, 

nor the optimal duration for keeping cover in place. In our experiment we removed all shadecloth 

after the final survey in March 2022, to avoid contaminating the TWWHA study sites with degraded 

shade material. Retaining the shadecloth for longer could continue to assist Sphagnum to recover. 

The very slow natural recovery in fire-killed Sphagnum patches is a strong argument for transplanting 

Sphagnum, an approach that was very effective the Australian Alps (Whinam et al. 2010). However, 

we found that transplants did not substantially accelerate post-fire recovery.  When peat is severely 

burnt, there can be changes in water holding capacity and repellency, soil chemistry and microbiota, 

as well as microtopographic changes, all of which are likely to impede Sphagnum recovery. Glasshouse 

trials would be very helpful in elucidating these effects. Even if the success of transplants can be 

enhanced, the approach is problematic in Australia because the restricted occurrence and high 

conservation values of Sphagnum could make it difficult to find enough donor material at the large 

scale necessary after extensive wildfire. Micro-propagation could offer an alternative source of 

Sphagnum to reintroduce to degraded peatlands (Caporn et al. 2017). 

The detrimental effect of fertiliser on Sphagnum found in our trial was unexpected. Whinam et al. 

(2010) considered that the same fertiliser applied at the same rate as in our study was beneficial for 

post-fire Sphagnum recovery in the Australian Alps, but their study design did not allow this to be 

rigorously tested. In our study, fertiliser enhanced the cover of bryophytes other than Sphagnum. A 

positive effect of phosphorus on Sphagnum and other wetland species has been reported in North 

America (Rochefort et al. 2003). By contrast, a large meta-analysis found high nitrogen loading 
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depresses Sphagnum production relative to untreated controls (Limpens et al. 2012). The negative 

effects of high nitrogen can also be intensified by high summer temperatures (Limpens et al. 2011). 

Thus, the hotter than average summer of 2021/22 could plausibly have contributed to the damage to 

Sphagnum we observed in some unburnt quadrats and fertilised quadrats. Further work is required 

on dosages, composition and timing of fertiliser applications to determine if nutrient additions can 

improve Sphagnum recovery.  

In this study, because of permitting and funding constraints, treatments were applied three to four 

years after the fire, compared with the 3-10 months in the Australian Alps study (Whinam et al. 2010). 

It is possible that application of shadecloth immediately after a fire could have been even more 

beneficial than we found here, by both reducing delayed mortality and accelerating recovery of 

damaged Sphagnum. The delay in applying treatments could also have reduced the success of the 

transplants, through hydrological or other effects (Lukenbach et al. 2016; Moore et al. 2017). 

However, it is less likely that earlier application would have improved the response to fertiliser, given 

that fire quickly releases a pulse of nutrients into the system (van Beest et al. 2019).  We recommend 

that fire severity should be mapped as soon as possible after fire (Harding et al. 2022), to identify 

moderately burnt Sphagnum areas, which are most likely to respond to treatments. The optimal 

timing of interventions needs investigation, but we consider early interventions are likely to be most 

successful.     

Importantly, Sphagnum mires will be affected by climate change and the associated increases in fire 

frequency (Harris et al. 2018).  Climate change not only threatens healthy Sphagnum mires, but also 

affects post-fire recovery of burned mires, which takes decades because of the slow dispersal and 

growth of the moss. Unfortunately, it is likely that near-term future climates are going to be less 

favourable for Sphagnum growth, with conditions being hot, drier and more fire prone. As in most of 

the world, temperatures in Tasmania are already rising, and are projected to rise by 1.6 to 2.9 °C during 

the 21st century (ACE CRC 2010). Rainfall is projected to decline in central and north west Tasmania, 

with seasonal changes being more pronounced than annual totals (ACE CRC 2010). In the Tasmanian 

Wilderness World Heritage Area, both the number of fires following lightning storms, and the area 

burnt by these fires have increased since the year 2000, with these increases attributed to more 

lightning strikes occurring in dry conditions (Styger et al. 2018).  It is also possible that as mires become 

drier they will be colonised by woody vegetation, further changing hydrology and fire risk (Heijmans 

et al. 2013). Maintaining a suitable hydrological regime is key to retaining peatlands in the landscape 

(Chimner et al. 2017), and is especially critical for Australasian peatlands, given they are already near 

their climatic limits (Whinam et al. 2003; French et al. 2016). Therefore, potential hydrological 

interventions to aid the longer-term survival of Sphagnum mires need to be explored.   
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2.9 Recommendations for future work 

Ongoing monitoring of existing restoration trial 

Ongoing monitoring is important to assess the rate and completeness of the recovery of the burnt 

SphagnumΦ ²ƘƛƭŜ Ƴƻǎǘ ŜǉǳƛǇƳŜƴǘ ǿŀǎ ǊŜƳƻǾŜŘ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ǊŜǎǳǊǾŜȅΣ ŀǎ ŀƎǊŜŜŘ ōȅ ǘƘŜ ǎǘǳŘȅΩǎ 

Technical Committee, the quadrats at five mires are still marked by two short inner pegs and a cattle 

tag to allow future monitoring of Sphagnum health. Ideally, these quadrats will be assessed every two 

years over the next decade, but at a minimum, after 5 and 10 years. Should this not be intended, we 

recommend removing all remaining pegs and tags within 2 years. For further detail regarding the  

resurvey, see Appendix 1 of Nichols et al. (2022). 

1.1.1 Equipment  

Future research into Sphagnum restoration 

We recommend that any future research or rehabilitation should be implemented much sooner than 

the 3 years that elapsed between the 2016 fire and the start of this study, to minimise further damage 

to damaged Sphagnum from drought stress or high ultraviolet light levels. This will also reduce 

establishment and growth of competing species before the Sphagnum is treated. Trials should also be 

conducted over a longer period, say 5 years or more. 

Further research into the potential to use Sphagnum transplants in severely burnt areas is warranted, 

given the observed lack of recovery without intervention. A key problem to overcome is that of water 

repellency, so hydrological treatments need to be developed to encourage survival and growth of 

transplanted Sphagnum. Assessment of hydrological conditions within and near treatment plots 

would be a prerequisite for such studies. Future trials should also include a treatment of transplants 

without fertiliser, as the rates and type we applied appeared harmful. Micropropagation of Sphagnum 

should also be considered, to minimise the harvest of Sphagnum from healthy populations. 

We also recommend greenhouse experiments be conducted, as they are much simpler logistically. For 

example, they could be used to investigate (i) the water repellency problem, (ii) whether low doses of 

fertiliser, with a lower N:P ratio, could be beneficial for Sphagnum, and (iii) micropropagation 

techniques and their success in relation to soil water availability.  

Management responses to future fires 

We have prepared a decision support tool to assist managers respond in the future, when Sphagnum 

mires are damaged by fire (see Chapter 7). We stress the importance of rapid assessment of damaged 

areas, and prompt application of shadecloth to Sphagnum damaged by moderate severity fire.  
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TWWHA 3. Pencil Pine Resurvey 1 

Background 
 

Pencil pine (Athrotaxis cupressoides) is a very long lived (>1000 years), slow growing, palaeoendemic 

Tasmanian conifer (Allen et al. 2011; Ogden 1978). Palaeoendemic plants are ancient, geographically 

restricted species that typically persist in small refugia in constantly moist areas with equable 

temperatures and few or no fires (Jordan et al. 2016). Vulnerability to fire appears key to the ecology 

of Tasmanian palaeoendemic species, so understanding how they respond to fire is essential in 

predicting how their populations will fare as climate change leads to more frequent and more severe 

fire, and of mitigating its impact. 

The vulnerability of pencil pines to fire is demonstrated by the fact that extensive fires during the dry 

summer of 1960/61 eliminated it from about 10% of its entire range (Corbett 1996; Johnson and 

Marsden-Smedley 2002; Holz et al. 2015). Consistent with this, a large-scale geographic survey of 

pencil pine populations across Tasmania found that burnt areas had fewer live trees and fewer 

juveniles than areas with no evidence of fire (Bowman et al. 2019). Early assessment of fire damage is 

important in restoring vulnerable plant populations. However, substantial fire-induced tree mortality 

can continue for three or more years post fire, and can even exceed the initial mortality during the 

first growing season post fire (Stephens and Finney 2002; McHugh and Kolb 2003, Thies et al. 2006). 

Delayed mortality would make it difficult to evaluate fire effects immediately after a fire, but we do 

not know if this is a problem for pencil pine. 

 

The 2016 Lake Mackenzie Complex fires burnt almost 14,000 ha of subalpine vegetation including 141 

ha of pencil pine forest (Bowman et al. 2019; Bowman et al. 2021) (Fig. 3.1). A survey of the fire-

affected pencil pine populations in 2017 found that 68% of stems were killed by the fire, and juveniles 

were present around only 9% of burnt trees (Bliss 2017; Bowman et al. 2019). Many of the trees that 

were still alive were severely damaged, with most of the canopy scorched and dead. Funding for the 

Lake Mackenzie Rehabilitation Trials allowed us to reassess these pencil pine populations in 2020 and 

quantify any delayed post-fire mortality that had occurred between 2017 and 2020. We were also able 

to relate the status of the stems in 2020 to the canopy damage evident three years earlier. 

 

 
1 This work has been published in Bliss A, Prior LD, Bowman D (2021) Lack of reliable post-fire recovery mechanisms makes 
the iconic Tasmanian conifer Athrotaxis cupressoides susceptible to population decline. Australian Journal of Botany 69, 162-
173. 
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The aim of this study was to evaluate the reliability of assessments of fire impacts on pencil pine 

populations made one year post-fire. In particular, we quantified delayed mortality occurring between 

one and four years post-fire, and attempted to determine whether the ultimate fate of stems could 

be predicted from measurements of canopy damage made one year post-fire. In addition, we 

quantified resprouting and juvenile presence four years after the fire. For full details, refer to Bliss et 

al. (2021). 

 

 
 
Fig. 3.1. (A) The Tasmanian Wilderness World Heritage Area (yellow) and location of the 2016 fires (red) within 

this Area. (B)  Location of the pencil pine survey plots (green circles) at three sites όΨ{ŎǊŜŜ 9ŀǎǘΩΣ Ψ{ŎǊŜŜ ²ŜǎǘΩ and 

Ψ{ƻǳǘƘ .ƻƎΩΣ to the north-east, north and south-west of Lake Mackenzie, respectively) within the 2016 Mersey 

Complex fire footprint (in red), in the north of the Tasmanian Wilderness World Heritage Area.  

 

Study species 
 

Pencil pine ranges from tall (30 m) trees in sheltered habitats to dwarfed (< 5m) trees in exposed sites. 

It is extremely frost tolerant, though shade intolerant and regarded as sensitive to all but the lowest 

intensity fires (Cullen and Kirkpatrick 1988a; Holz et al. 2015). Athrotaxis cupressoides has a limited 

capacity to disperse by seed, and sexual regeneration appears less common than clonal growth via 

production of ramets (Worth et al. 2016). It is difficult to distinguish individual plants, because on 

average, about 60% of stems (ramets) are clonal, and are often aggregated in clusters that arise from 

the same genet. Some genets can produce multiple clusters up to 38 m apart, interspersed with stems 

from other genets (Worth et al. 2016).  
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3.1 Field surveys  

In a related, earlier project, field observations of fire damage to pencil pine, physical site attributes 

and juvenile presence were made in autumn of 2017, 12-13 months after the Mersey Complex Fire 

(Bliss 2017; Bowman et al. 2019).  At three sites near Lake Mackenzie, a total of 300 plots were chosen 

within the fire-boundary to sample most of the accessible pencil pine populations burnt. An additional 

20 plots were located in adjacent unburnt areas. Two of the three sites όΨ{ŎǊŜŜ 9ŀǎǘΩ and Ω{ŎǊŜŜ ²ŜǎǘΩύ 

were on scree slopes, and the third όΨ{ƻǳǘƘ .ƻƎΩύ was in a flat, boggy depression surrounded by rocky 

slopes covered in low Eucalyptus coccifera woodland and subalpine shrubs. At each site a systematic 

sweep of the pencil pine population was conducted, using adjacent 10m radius circular plots. Within 

each plot, measurements were made on up to 10 clusters of stems. We estimated the percentage of 

the canopy scorched (browning of leaves, but no leaf mass consumed) and the percentage of the 

canopy consumed (Fig. 3.2). We assessed whether stems were ΨŀƭƛǾŜΩ or ΨŘŜŀŘΩ based on the presence 

or absence of any green foliage. We also measured minimum diameter of burnt twigs, a measure of 

fire severity (more severe fires consume a greater proportion of biomass, and hence larger twigs, than 

less severe fires).  

In the current study, we resurveyed the trees in February and March 2020, to examine delayed 

mortality of stems, and to relate post-fire mortality to measurements of canopy damage and fire 

intensity made in 2017. See Bliss et al. (2021) for full details.  

 

3.2 Data analyses 

Our data analytical methods are described in full in Bliss et al. (2021). Briefly, our approach was to use 

generalised linear modelling and model selection based on AkaikeΩs Information Criterion, which 

balances model simplicity with model bias. Our analyses focused on the burnt plots, with the small 

number of unburnt plots serving as controls to check for mortality unrelated to the 2016 fire. Stem 

survival in 2020 was analysed in relation to three measures of fire severity recorded in 2017 for each 

tree: percentage canopy scorched, percentage canopy consumed and the minimum twig diameter of 

burnt shrubs around the tree. We compared overall stem survival, and continued survival to 2020 of 

the 2017 survivors. We also tested whether stem size (diameter at breast height) was important for 

survival.  
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Fig. 3.2. Observations from within the 2016 fire perimeter in the Lake Mackenzie region. Variations in severity of canopy 

damage in pencil pines (a) no canopy damage (b) entire canopy scorched (c) complete canopy defoliation. A burnt pencil 

pine (d) soon after the fires in 2016; (e) one-year post fire, in 2017; and (f) four years post fire, in February 2020. Note the 

further loss of foliage near the top of the canopy. (g), (h) 2020 field observations found resprouting in some stems that were 

partially burnt in 2016. (i) Juveniles were found within the burnt perimeter in both 2017 and 2020. (j) 2020 was a mast 

seeding year, with prolific cones on many trees. (k) Pencil pine ΨǎǳǊǾƛǾƻǊǎΩΣ trees within the fire perimeter that were unburnt. 

Note the landscape features associated with the unburnt trees, specifically the absence of shrubs (l) Fire scar on pencil pine 

stem. Image credits: (d) Rob Blakers, all others by Aimee Bliss  
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3.3 Results and discussion 

Stem mortality 

All the unburnt stems were alive in both 2017 and 2020. By contrast, in the burnt plots, only 33% of 

stems were alive in 2017, declining slightly to 31% in 2020, as described below. Trees could survive 

some canopy scorch: for example, there was 54% overall survival of stems of trees with 60ς79% 

canopy scorch in 2017 (Fig. 3.3). However, stems of trees with 100% canopy scorch all died. By 

contrast, any canopy consumption indicated severe damage: only 5% of stems of trees with any 

canopy consumption were alive in 2017, and survival was only 0.6% for stems of trees with >20% 

canopy consumption. The probability of a stem being alive in 2020 was strongly and negatively 

correlated with the percentage of canopy scorched in 2017. Canopy scorch explained 76% of the 

deviance in the mortality data, with an additional 1.3% deviance explained when stem diameter was 

added to the model. 

 

Fig. 3.3. The percentage of stems alive in 2017 and 2020 in burnt plots in relation to (a) canopy scorched, (b) 

canopy consumed, and (c) minimum burnt twig diameter of shrubs around each tree. Frequency distributions 

of pencil pine stems in each class of (d) canopy scorched, (e) canopy consumed, and (f) minimum burnt twig 

diameter are also shown. All three fire severity measures were strong predictors of stem survival in both years. 
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Most stem mortality (97%) occurred within 1 year of the fire. The factors predisposing live stems to 

die between 2017 and 2020 were similar to those predicting the probability of being dead in 2017, 

although they were statistically less important because of lower replication. Continuing survival of 

burnt stems declined with increasing fire severity. Overall, as was found in the first year, large stems 

that survived the first year were less likely than small ones to subsequently die.  

Some partially scorched stems resprouted, showing that, contrary to common belief, pencil pine can 

potentially resist and recover from mild fire. However, the lack of resprouting and absence of juveniles 

observed around the more severely burnt trees (as indicated by higher minimum burnt twig 

diameters) indicates that the intensity of the 2016 fire exceeded the fire-tolerance of this species. 

Resprouting  

Overall, only 54 of the 2997 stems (1.8%) in burnt plots were resprouting in 2020. We observed apical 

resprouting at the tips of branches and some epicormic resprouting along branches. There was a 

peaked relationship between resprouting and percentage canopy scorched (Fig. 3.4). 

Fig. 3.4. The percentage of stems in burnt plots resprouting epicormically in 2020 in relation to 2017 

measurements of (a) percentage canopy scorched, (b) percentage canopy consumed, and (c) minimum burnt 

twig diameter. All three severity measures were important predictors of resprouting, with a peaked relationship 

in the case of canopy scorch. 

Our three measures of fire severity, canopy scorch, canopy defoliation and minimum twig diameter, 

were all intercorrelated and useful in predicting the ultimate fate of a stem, especially in combination 

with its diameter. The degree the canopy was scorched was the strongest predictor of survival, 

resprouting and juvenile establishment. We also found any amount of canopy defoliation caused 

severe demographic impacts, with only 0.6% of these stems surviving, none resprouting, and no 

juveniles present at the base of these trees in 2020 (4 years after the fire). 
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We found the stems of most multi- stemmed trees shared the same status (either all alive or all dead), 

ǇǊƻōŀōƭȅ ƛƴ ǇŀǊǘ ōŜŎŀǳǎŜ ǎǘŜƳǎ ƻƴ ǘƘŜ ǎŀƳŜ ΨǘǊŜŜΩ ǿŜǊŜ ŜȄǇƻǎŜŘ ǘƻ ǎƛƳƛƭŀǊ ŦƛǊŜ ƛƴǘŜƴǎƛǘȅΦ IƻǿŜǾŜǊΣ 

11% of multi- stemmed trees had both live and dead stems, suggesting that the death of some stems 

does not necessarily affect survival of the greater clonal organism.  

Recruitment failure 

Of the 1164 trees in burnt plots, the number of trees with surrounding juveniles declined substantially 

from 115 in 2017 to 21 in 2020. However, whereas 105 trees lost all surrounding juveniles during this 

period, new juveniles established near 11 trees. Juvenile presence in both years was negatively 

correlated with all three fire severity measures (Fig. 3.5). 

 

Fig. 3.5. The percentage of trees with juveniles present in 2017 and 2020, in burnt plots only, in relation to 2017 

measurements of (a) percentage canopy scorched, (b) percentage canopy consumed, and (c) minimum burnt 

twig diameter. For presentation, observations were binned into arbitrary classes, but actual values were used in 

the analyses. All three fire severity measures received strong support as predictors of juvenile presence in both 

years.  

There were few pencil pine juveniles at Lake Mackenzie in 2017, highlighting the poor seedling 

regeneration and minimal production of root suckers following the 2016 fire. Moreover, fewer 

juveniles were present around the most severely burnt trees than around those where fire was mild. 

There were even fewer juveniles in 2020 than in 2017: juveniles had disappeared from 90% of trees 

where they had previously been present. It was unclear from our field survey whether juveniles 

detected around the same trees in 2017 and 2020 had persisted since 2017, or were newly 

established. The detection of 11 juveniles in new areas in 2020 shows juveniles have established since 

2017. Although we did not measure juvenile height, we observed most juveniles were between 1ς3 

cm tall, with no obvious difference in size of juveniles between 2017 and 2020. Thus, it is likely that 
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many juveniles detected in 2017 died and new ones re-established before 2020, but it is also possible 

some seedlings survived between surveys, but grew very little. This low survival and slow growth of 

seedlings could be due to herbivory, drought stress or both. Reduced growth and survival could also 

have been associated with drought, because although total rainfall was close to average between the 

time of the fire in 2016 and our remeasurements in 2020, the second half of 2019 was very dry, with 

persistent rainfall deficits  

The paucity of juveniles in populations damaged by severe fire is particularly problematic because 

pencil pine does not produce a long-lived seedbank, and population recovery requires live trees as a 

source of seed or root suckers.  

3.4 Management recommendations and implications 

We can draw some management recommendations from our study. Importantly, assessments of fire 

impacts on pencil pine populations can be made 1 year post-fire, given that 97% of the 4-year mortality 

had already occurred by then. It is possible that useful assessments could be made as early as the end 

of the same summer as the fire, although this would need to be verified. We recommend visiting 

populations affected by the fire and visually estimating the percentage crown volume scorched, which 

was the best preŘƛŎǘƻǊ ƻŦ ŀ ǎǘŜƳΩǎ ŦŀǘŜΦ LŘŜŀƭƭȅ ŀƭƭ ǘǊŜŜǎ ǎƘƻǳƭŘ ōŜ ŀǎǎŜǎǎŜŘΣ ōǳǘ ƛŦ ŀ ƭŀǊƎŜ ŀǊŜŀ ƛǎ ōǳǊƴŜŘ 

then a representative sample of trees in a fire affected population should be sampled. Assessments 

of canopy consumed are also very useful, as any amount of canopy consumption indicates severe 

damage, with no prospects of resprouting or seedling recovery. Such an assessment would provide a 

reliable indication of the impact of the fire on a population, and whether remedial measures would 

be required to sustain it.  

Our findings that pencil pine can tolerate low intensity fire show that, in theory, controlled burns could 

be used to reduce fuel loads and slow the establishment of woody shrubs surrounding trees. However, 

this presents numerous practical and social challenges. Using low-intensity fire to reduce fuel would 

be difficult because montane vegetation only carries fire when conditions are unusually dry, so safe 

burning conditions when fires are controllable are very rare and likely hard to reliably predict.  

These results have been incorporated into a Decision Support Tool to assist managers to respond to 

future fires (see Post-Fire Restoration of Tasmanian Pencil Pines Decision Support Tool, 2022, Chapter 

7). 
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4. Pencil Pine Intervention 2 

Background 

Anthropogenic climate change is already affecting species and ecosystems across the globe, including 

ǿƛǘƘƛƴ ǘƘŜ ŜŀǊǘƘΩǎ Ƴƻǎǘ ǊŜƳƻǘŜ ŀƴŘ ǿƛƭŘ ŀǊŜŀǎ (Pecl et al. 2017; Scheffers et al. 2016). For many species 

and ecosystems, the establishment of protected areas alone is insufficient to mitigate anthropogenic 

impacts (Gaitán-Espitia and Hobday 2021; Hannah 2008; Heywood 2019). As a result, managers are 

increasingly challenged to consider more active conservation interventions, both to restore 

ecosystems and prevent species declines in the face of ongoing environmental change (Bowman et al. 

2017; Prober et al. 2019; Volis 2019).  

A range of techniques are available to mitigate human impacts on plant species. Sometimes 

populations, or whole ecosystems, can be restored simply by stimulating natural recruitment; for 

example, by deliberately introducing disturbances (Klaus et al. 2018), manipulating hydrology (De 

Steven et al. 2006), changing fire regimes (Pyke et al. 2010) or reducing the impacts of herbivores 

(Ibanez and Hart 2020). Additionally, introduction of propagules or plant material has been used to 

conserve many imperilled plant species (Dalrymple et al. 2012). Such introductions can be used to 

increase the number of individuals or genetic diversity in wild plant populations (Jusaitis and Sorensen 

2007; Li et al. 2012), to reintroduce a species where it has been lost within its historic range (Cogoni 

et al. 2013; Godefroid et al. 2011), or to create new populations where a species has not previously 

existed (Menges et al. 2016). 

 

There is a growing body of knowledge on interventions to conserve plant species, including those that 

manipulate disturbance regimes. For example, herbivory, a key ecological disturbance, can be reduced 

by controlling herbivore numbers (Ibanez and Hart 2020) (Beltran et al. 2014), or by using physical 

barriers, which may range from large fenced areas (Lorite et al. 2021), to small fenced exclosures or 

tree guards (Nilar et al. 2019). Such approaches are often inexpensive, and do not require new genetic 

material to be introduced, hence minimising the legacy of human influence on the restored system 

(Holl and Aide 2011). However, they are only possible where a natural seedbank or other regeneration 

source exists, and may be slower than more active interventions (Zahawi et al. 2014). 

 

 
2 This section summarises a chapter of a thesis being prepared by Ben French; French, BJ (in preparation) In situ 

conservation of the pencil pine (Athrotaxis cupressoides) under a changing climate; a post-ŦƛǊŜ ǊŜǎǘƻǊŀǘƛƻƴ ǘǊƛŀƭ ƛƴ ¢ŀǎƳŀƴƛŀΩǎ 

Central Plateau. PhD Thesis Chapter, University of Tasmania. 
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Alternatively, new plant material may be introduced by transplanting or sowing seed directly into the 

field (Grossnickle and LǾŜǘƛŏ нлмтΤ tŀƭƳŀ and Laurance 2015). A convenient feature of the direct 

sowing approach is that it can draw on ex situ seed banks and be applied at short notice following 

disturbance, often at low cost. For example, an aerial sowing method developed for commercial 

forestry was rapidly deployed in the Victorian Alps after repeat fires destroyed the natural seedbank 

of Eucalyptus delegatensis forests (Bassett et al. 2015). However, transplanting usually has a higher 

success rate than direct sowing, because survivorship of transplanted individuals is greater than that 

of new germinants in the field (Palma and Laurance 2015).  

 

Transplant establishment rates can be influenced by several factors, including choice of planting site 

and the stock which are used. For example, outcomes may vary for stock propagated using different 

methods (Ray and Brown 1995; Zahawi and Holl 2009), sourced from different genetic provenances 

(Bailey et al. 2021a), or which are of different ages at the time of planting (Siles et al. 2010). Where 

stock are planted may be particularly important in landscapes where environmental conditions vary 

at fine scales. For example, transplants may be advantaged in more open, recently disturbed 

vegetation (Ashton et al. 1997; Cox et al. 2004), or areas with more shade (Miandrimanana et al. 2019), 

depending on the light requirements of the target species. Similarly, topography can play a key role, 

by modulating the occurrence of frost (Marquis et al. 2021), drought stress and waterlogging (Raulings 

et al. 2007; Engelbrecht and Kursar 2003). However, field trials can only detect such effects if data are 

collected at appropriate scales. For example, trials using large plots may overlook important microsite 

effects (Douterlungne et al. 2015). 

 

The success of plant restoration programs in conserving imperilled species can be maximised by 

understanding the reproductive biology, population genetics and disturbance ecology of the target 

species, based on fine-scale field surveys and population monitoring (Godefroid et al. 2011). These 

insights are essential to developing effective intervention methods, which adequately consider 

population genetics, the need for, or protection from disturbance, and the ecophysiological 

requirements of the target species.  Here, we describe a trial of intervention methods to restore fire-

damaged populations of pencil pine (Athrotaxis cupressoides). This study is informed by the body of 

existing research on the ecology, genetics, ecophysiology and biogeography of the species, which is 

briefly outlined below. See Appendix 1 of French (2022) for more details. 
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Pencil pine stands 

tŜƴŎƛƭ ǇƛƴŜ ƛǎ ŀ ǇŀƭŜƻŜƴŘŜƳƛŎ ŎƻƴƛŦŜǊ ǎǇŜŎƛŜǎ ŦƻǳƴŘ ƻƴƭȅ ƛƴ ¢ŀǎƳŀƴƛŀΩǎ /ŜƴǘǊŀƭ tƭŀǘŜŀǳ ŀƴŘ ǿŜǎǘŜǊƴ 

mountains; cold, wet areas which have acted as historic fire refugia (Ogden, 1978). In these areas 

Pencil pines can occur as isolated individuals, but often they form large stands where they are the 

dominant tree (Ogden, 1978). These stands differ markedly from surrounding forest types more 

typical of the dominant Australian vegetation (Bowman et al. 2021), and are considered Gondwanan 

relicts (Harris et al. 2018) because Athrotaxis is a ~145 million year old lineage that predates the 

breakup of the Gondwanan supercontinent (Jordan et al. 2016). Pencil pines rarely exceed 20 m in 

height at maturity, and are mostly much smaller. Dendrochronological studies show growth rates in 

natural settings are very slow (Dunwiddie and La Marche Jr 1980), and that pencil pines are often very 

old despite their small size (Cullen and Kirkpatrick 1988a). Indeed, adult pencil pines may reach ages 

of over 1000 years, and trees just 1m tall have been reported to have an average age of 55 years old 

ŀǘ ŀ ǎƛǘŜ ƛƴ ¢ŀǎƳŀƴƛŀΩǎ ǎƻǳǘƘ (Ogden 1978). Genetic studies have revealed that there is low genetic 

ŘƛǾŜǊǎƛǘȅ ŀŎǊƻǎǎ ǘƘŜ ǎǇŜŎƛŜǎΩ range, with particularly low diversity in areas with visible evidence of 

burning; a pattern that suggests fires will continue to erode the genetic structure of the species (Worth 

et al. 2017). 

 

Pencil pines are easily killed by burning (Prior, French, and Bowman, 2018) (Bowman et al. 2019), but 

it is a lack of post-fire recruitment, rather than extreme fire sensitivity, which leaves pencil pines 

especially vulnerable to changing fire regimes (Bliss et al. 2021). Despite the prevalence of root 

suckering, Pencil pines do not basally re-sprout after burning, and they very rarely resprout from shoot 

(Bowman et al. 2019; Bliss et al. 2021). They also have no fire-resistant seedbank, and hence lack the 

post-fire pulse of seedling recruitment common in many non-resprouting Australian trees (Prior and 

Bowman 2020). As a result, pencil pines can be driven locally extinct from even a single severe fire 

event (Bowman et al. 2019). In the past, natural regeneration of killed stands after fire has apparently 

occurred through gradual re-colonisation from neighbouring areas, although the species short 

dispersal range and slow growth rates mean this process is very slow (Cullen and Kirkpatrick 1988a; 

Fletcher et al. 2018; Mariani et al. 2019). However, as we discuss below, recently burnt stands are 

extremely unlikely to recover naturally in the modern climate (Fletcher et al. 2018), particularly given 

there has been a widespread failure of natural recruitment of pencil pines in recent decades in the 

/ŜƴǘǊŀƭ tƭŀǘŜŀǳΣ ǿƘƛŎƘ ŦƻǊƳǎ ǘƘŜ ŎƻǊŜ ƻŦ ǘƘŜ ǇŜƴŎƛƭ ǇƛƴŜΩǎ ǊŀƴƎŜ (Bliss et al. 2021; Cullen and 

Kirkpatrick 1988b; Holz et al. 2015). 
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The causes of pencil pine recruitment failure in the Central Plateau are not well understood (Bowman 

et al. 2019). One suggestion is that vertebrate herbivores are largely responsible, an idea supported 

by studies which have highlighted the vulnerability of both young seedlings and the foliage of adult 

trees to browsing (Cullen and Kirkpatrick 1988a; Holz et al. 2015). However, there is also evidence of 

other contributing factors. For example, a recent study reported pencil pine stands on islands in small 

lakes had fewer seedlings than adjacent mainland stands despite much lower herbivore presence on 

the islands - a finding that suggests bottom-up constraints may be also be an important filter on 

seedling recruitment (Bowman et al. 2019).  

 

Pencil pines are recognised as being under threat from anthropogenic climate change (Harris et al. 

2018) due to both its direct effects (Mariani et al. 2019), and the associated increase in severe fire 

weather and dry lightning ignitions, which are increasingly exposing pencil pines to burning (Bowman 

et al. 2021; Styger et al. 2018). These factors interact, such that the resilience of remaining unburned 

stands to fire is expected to decrease substantially as the climate continues to warm (Mariani et al. 

2019). Consequently, pencil pine forests are a hallmark example of a system vulnerable to collapse 

due to climate change (Bergstrom et al. 2021; Harris et al. 2018).  

 

Trial Objectives  

This primary goal of this trial was to identify best-practice methods for restoring burnt pencil pine 

(Athrotaxis cupressoides) stands. The first re-survey of this long-term trial is reported on here. The 

specific aims were to: 

 

1. Trial and compare the effectiveness of three intervention methods:  

i) protecting naturally occurring germinants from herbivores, 

ii) direct sowing, and  

iii) transplanting.  

 

For transplanting interventions, we aimed to: 

2.   Assess whether establishment is sensitive to:  

i) Whether type of tube stock (i.e. propagated from seed or cuttings);  

ii) the provenance of seeds and cuttings, and; 

iii) age of tube stock.  

 

3. Determine whether herbivore protection is necessary. 
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4. Determine whether establishment varies between planting environments at fine scales. 

5. Assess whether establishment differs between stands burnt recently and stands burnt by historic 

fires. 

6. Make a preliminary assessment of transplant growth. 

 

In addition to the specific aims above, the trial provided opportunities to: 

 

7. Gain practical insights into materials and methods which can be used to restore pencil pines. 

8. Better understand the factors that constrain natural pencil pine recruitment. 

 

4.1 Study area 

Field trials were established at five sites around Lake Mackenzie (1150-1210 m above sea level) near 

the north-ǿŜǎǘ ǘƛǇ ƻŦ ¢ŀǎƳŀƴƛŀΩǎ /ŜƴǘǊŀƭ tƭŀǘŜŀǳΤ ŀ ƭŀǊƎŜ ǳǇƭŀƴŘ ŀǊŜŀ ƛƴ ǘƘŜ ƳƛŘŘƭŜ ƻŦ ǘƘŜ ǎǘŀǘŜ ŀƴŘ 

ǘƘŜ ŎƻǊŜ ƻŦ ǘƘŜ ǇŜƴŎƛƭ ǇƛƴŜΩǎ Ǝƭƻōŀƭ ǊŀƴƎŜ όCƛƎΦ пΦмύΦ The climate and geographical context has been 

previously described in Chapter 1.1 of this report. 

4.2 Fire History 

Two fire events in the Lake Mackenzie area damaged the pencil pine stands targeted in this trial. 

The 1960 fires 

In the unusually dry summer of 1960-61, intentionally lit fires swept across 60% of the Central Plateau, 

ƛƴŎƭǳŘƛƴƎ ǇŀǊǘ ƻŦ ƻǳǊ ǎǘǳŘȅ ŀǊŜŀΦ ¢ƘŜǎŜ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ΨǘƘŜ ōƛƎƎŜǎǘ ŀƴŘ Ƴƻǎǘ ŘŜǎǘǊǳŎǘƛǾŜ ŦƛǊŜǎ ƛƴ ǘƘŜ 

¢²²I! ǎƛƴŎŜ ǘƘŜ мфолΩǎΩ (Johnson and Marsden-Smedley 2002). This single fire season is estimated 

to have reduced the global range of pencil pines by 10%, and decades later burnt stands show no 

evidence of recovery (Holz et al. 2015).  

The 2016 fires 

After many fire-free decades the Lake Mackenzie area was subject to a large wildfire in January 2016. 

Following an extremely dry winter and spring (Fig. 1.3), dry lightning storms ignited many fires across 

Tasmania (Fig. 1.1 ), including the Mersey Valley Complex fires, which began in a forested valley to the 

west of Lake Mackenzie. These fires climbed onto the plateau, and consumed 141 ha of pencil pine 

stands in the Lake Mackenzie area before being quelled by an intense storm (Bowman et al. 2021). 

The loss of these stands highlighted the threat that drying trends and increased lighting ignitions 

associated with anthropogenic climate change pose to pencil pines and other remnants the 
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Gondwanan flora (Harris et al. 2018; Styger et al. 2018). This threat was further highlighted by fires in 

2018 which affected pencil pine stands in the south of the TWWHA (Bowman et al. 2022). 

 

 

Fig. 4.1. Geographic context of the trial, which explored restoration techniques for pencil pine stands damaged 

by fire in 2016 and 1960.  (a) Map of Western Tasmania showing the global range of pencil pines (yellow points 

are observations from the Natural Values Atlas), footprints of fires which have burnt pencil pines since 1960 

(purple=1960, red=2016, green= 2018), and the location of the study area (black box). (b) map of the study area 

showing the 2016 fire footprint (red) and locations of the five study sites. (c) pencil pines at the site Unburnt 

{ƻǳǘƘ ǿƘƛŎƘ ǿŜǊŜ ƪƛƭƭŜŘ ƛƴ ǘƘŜ мфслΩǎ ŦƛǊŜǎ όǳƴōǳǊƴǘ ƛƴ нлмсύΦ όŘύ tŜƴŎƛƭ pines at the site Pine Bog which were 

killed in the 2016 fires. 
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4.3  Site selection 

Five sites containing fire-killed pencil pines were selected and a number of plots (ranging from 262 to 

290) were established within each site (Table 4.1). Three sites were burnt by the 2016 fires (recently 

burnt hereafter) and two were outside the 2016 fire boundary but contained dead pencil pines from 

the 1960/61 fires (historically burnt hereafter), indicating their potential suitability for the species.  

Sites were selected that were relatively accessible, represented the topography and vegetation of the 

Lake Mackenzie area and achieved geographic spread. Sites had no boundaries; rather, a cache of 

materials was dropped by helicopter at each site, and field workers moved outwards from these 

caches when choosing plot locations. For both direct sowing and transplant interventions, plots were 

spread across a range of substrate types and depths, ground cover and topography within each site. 

Only positions within 5 m of an existing pencil pine stem (including live trees, dead trees and dead 

fallen dead trunks) were considered, because the focus was restoring damaged stands (not creating 

new ones). Plots were restricted to areas where tree guards could be constructed (i.e. stakes could be 

driven into the ground). Each site was also searched for wild seedlings, or groups of seedlings, around 

which tree guards could be constructed in situ- these positions were targeted for the natural 

germinant interventions. 

Table 4.1. Tally of plots established at the five study sites; three of which were burnt by the 2016 fires (recently 

burnt) and three of which were unburnt since the 1960 fires (historically burnt). Half of all plots were protected 

by tree guards (caged) and half were left exposed to vertebrate herbivores (open). Transplant plots each 

contained two individual pencil pines: a cutting and a seedling. Direct sowing plots each contained fifteen viable 

seeds, introduced from an ex situ seed bank. Natural germinant plots contained varying numbers of wild 

seedlings. 

 
Site 

 
Years Burnt 

 
Fire History 

 
Intervention Type 

  

 Transplant Sowing Natural 

1960 2016 
 

caged open caged open caged open TOTAL 

Pine Bog P P Recently 
Burnt 

112 115 30 30 2 1 290 

Eagle Valley P P 102 98 30 30 6 6 272 

Burnt North X P 97 93 30 30 3 3 256 

Unburnt North P X Historically 
Burnt 

97 99 30 30 3 3 262 

Unburnt South P X 96 98 30 30 4 4 262 
 

  TOTAL 1007 300 35 1342 
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4.4 Interventions 

Natural germinants 

 

Thirty-five plots were established in March 2019, to assess the practicality and effectiveness of 

restoring pencil pines by protecting naturally germinated seedlings from herbivores. Such seedlings 

were only found near living adult pencil pines, and mostly on Sphagnum (Fig. 4.2 f,g). Seedlings 

sometimes occurred on their own, or in groups of two or three, but often were in dense clusters, with 

more than 100 small germinants present per 1m2 in some cases. Plots were situated where a seedling, 

or group of seedlings, could be enclosed within tree guard in situ. For half of these plots, tailored tree 

guards were constructed using stainless-steel mesh and aluminium tubes to create a perimeter 

impervious to vertebrate herbivores. Remaining plots were left as open controls, with a perimeter 

marked using several aluminium posts but no mesh.  

 

Direct sowing 
 
300 plots were established in March 2019, in which seeds were sown directly into the field. Seeds 

were donated by the Tasmanian Seed Collection Centre at the Royal Tasmanian Botanical Gardens 

(RTBG); an ex-situ seed bank aimed at conserving native Tasmanian flora and facilitating restoration 

efforts. Seed counts were adjusted such that an expected 15 viable seeds were sown per plot (17-20 

total seeds).  

 

Three sowing methods were trialled; (i) undisturbed, whereby seeds were sown onto the natural 

ground surface; (ii) scratched, whereby seeds were sown onto a disturbed surface, which was created 

by removing surface vegetation over a small area (~30 cm diameter) using a mattock to mimic an 

animal dig, and; (iii) dug, in which seeds were sown into a small pit (5 cm deep) created using the tip 

of a mattock, and a handful of soil replaced on top of the seeds. Half the sowing plots were left open 

but marked using coloured plastic disks to make them visible in a subsequent aerial survey. The other 

half were caged, using a robust stainless-steel tree guard; a ΨǘŜŜ-ǇŜŜΩ ŘŜǎƛƎƴΣ ōǳƛƭǘ ŦǊƻƳ ŀƭǳƳƛƴƛǳƳ 

tubing, tie wire and stainless-steel mesh, pegged down with mild steel jute pins (Fig. 4.2 e). Sowing 

plots were re-surveyed in December 2021 and germinant presence, or absence, was recorded. 
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Fig. 4.2. Intervention types trialled and examples from the 2021 re-survey. (a) For sowing interventions 15 viable pencil 

pine seeds were sown per plot. (b) For natural germinant interventions, plots were established where there were existing 
wild seedlings. These were only found near living adult pencil pines. (c) For transplant interventions nursery grown tube 
stock were (d) planted in pairs, with a cutting and a seedling in the same hole. (e) Half the plots of each intervention type 
were left exposed to herbivores, but marked (left), and half were protected using robust tree guards (right). (f) Natural 
germinant plots required tailored tree guard designs. In the 2021 re-survey, (g) sowing plots were scored for presence-
ŀōǎŜƴŎŜ ƻŦ ƴŜǿ ƎŜǊƳƛƴŀƴǘǎΦ ¢ǊŀƴǎǇƭŀƴǘŜŘ ƛƴŘƛǾƛŘǳŀƭǎ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ŀǎ ΨŘŜŀŘΩ ƛŦ ǘƘŜȅ ƘŀŘ ƴƻ ƭƛǾƛƴƎ ŦƻƭƛŀƎŜΣ ƛƴŎƭǳŘƛƴƎ 
individuals which were (h) broken-off and (i) ƛƴǘŀŎǘΦ [ƛǾƛƴƎ ƛƴŘƛǾƛŘǳŀƭǎ ǿŜǊŜ ŎƭŀǎǎŜŘ ŀǎ ΨŘŀƳŀƎŜŘΩ ƛŦ ǘƘŜȅ ǿŜǊŜ όƧύ ōǊƻƪŜƴ-off 
to near ground level or (k) over 10% of foliage was dead. (l) Living individuals which were intact and had at least 90% living 
foliage were classed as healthy, and their height measured.   
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Transplants 

1007 transplant plots were established between February and April 2020. In each, two small pencil 

pines were planted as tube stock: one propagated from seed (seedling henceforth) and one 

ǇǊƻǇŀƎŀǘŜŘ ŦǊƻƳ ŎǳǘǘƛƴƎ ƳŀǘŜǊƛŀƭ όΨŎǳǘǘƛƴƎΩ ƘŜƴŎŜŦƻǊǘƘύΣ ǿƘƛŎƘ ŀƭƭƻǿŜŘ ǘƘŜ ǘǿƻ ǇǊƻǇŀƎŀǘƛƻƴ 

methods to be compared. Tube stock were grown at Habitat Plants Nursery (Liffey, Tasmania), who 

obtained seeds and cutting material from several provenances, including both local from the Lake 

Mackenzie area and non-local stock. The intention of including non-local material was to embed a 

simple provenance trial (Box 4.1) into our plantings, which could be assessed both in the present 

study and following future re-surveys. Tube stock of several age classes were also included. Half of 

the transplant interventions were protected from herbivores using tree guards, and half were left 

open (as described for sowing interventions above). Trials of various tree guard material were 

embedded in the design (Box 4.2).  

After planting, the topographic position of each plot was classified according to macrotopography (3 

m scale) and microtopography (0.5 m scale), so that the influence of both on establishment could be 

tested. For brief descriptions of the four macrotopographic classes (Sphagnum, Wet, Moderate and 

Dry) see Box 4.3. aƛŎǊƻǘƻǇƻƎǊŀǇƘȅ ǿŀǎ ŎƭŀǎǎŜŘ ŀǎ ΨǊǳƴƻƴΩ όƘƻƭƭƻǿǎΣ ǇŀƴǎΣ ŘŜǇǊŜǎǎƛƻƴǎ ŀƴŘ Ŧƭŀǘǎύ ƻǊ 

ΨǊǳƴƻŦŦΩ όƘǳƳƳƻŎƪǎΣ ƳƻǳƴŘǎ ŀƴŘ ǎƭƻǇŜǎύΦ Survey methods are fully described by French (2022) in his 

thesis chapter.  
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Box 4.1: Does transplant provenance matter? A preliminary assessment.  

A simple provenance trial was embedded to test whether the provenance of transplanted tube 

stock is an important consideration for Pencil Pines. The seed and cutting material from which tube 

stock were propagated were sourced from several provenances, both  local and non -local (see 

table below). Tube stock from each provenance were spread randomly across the transplant plots.  

All cuttings were all propagated in May 2018. Seedling propagation was also initiated in May 2018, 

but  there were issues with germinant mortality in the nursery ( detailed in the Nursery Notes by 

Staubman and French , chapter 7 ) and hence two additional rounds of propagation were 

undertaken to produce the required number of seedlings. To avoid confounding provenance with 

age, analyses were restricted to individuals propagated in May 2018 (following future re -surveys 

these small differences in age can likely be ignored, and all transplants included).  

The effect of provenance on establishment was assessed separately for cuttings and seedlings. 

Analyses were carried out separately for the two establishment response variables (survival and 

health) with provenance and height at the time of planting assesse d as possible predictors. 

Generalised linear models and AIC based model selection were used to assess support for these 

predictors (see methods).  

Propagation 

method  

Propagation 

timing  

Provenance  Count  Mean 

height 

(mm)  

Analysed  Survival  

(%) 

Health  

(%) 

Seedling  May 2018  Lake Mackenzie  102 139.7 Yes 90.2 65.7 

Cradle Mountain  92 144.6 Yes 70.7 44.6 

Mount Field  33 122.9 Yes 78.8 51.5 

Sep 2018 Acropolis Plateau  17 137.2 No 81.3 43.8 

Pine Lake  13 142.4 No 100 61.6 

March 2019  Central Plateau  235 104.9 No 71.5 50.6 

Cutting  May 2018  Lake Mackenzie 1  126 133.9 Yes 63.1 53.0 

Lake Mackenzie 2  140 132.9 Yes 71.5 54.7 

Lake Mackenzie 3  124 135.7 Yes 71.8 59.7 

Mickeyõs Creek 1 51 128.9 Yes 66.0 54.0 

Mickeyõs Creek 2 52 111.8 Yes 71.2 57.7 

 

For cuttings, neither provenance nor height were supported as predictors of survival or health  (null 

models received the lowest AIC).  

For seedlings, there was statistical support for provenance as a predictor of both response variables, 

but this was driven only by individuals from the Cradle Mountain provenance, which had lower 

survival and health than all other provenances, despite bein g relatively large . It is not clear whether 

the relatively poor performance of seedlings from Cradle Mountain represents a true provenance 

effect. Other factors, including the quality of the seed collection or husbandry of these seedlings, 

could also have contributed.  

In summary, there was little clear  evidence that provenance affects the establishment of 

transplanted Pencil Pines. However, having a provenance trial embedded in this study will allow the 

effects of provenance on longer term survival and growth to be assessed in the future.  
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Box 4.2: Tree guard materials.  
 

Several tree guard materials were trialled to add practical value to the project*. Four 

types of poles and three types of mesh were compared based on the following criteria:  

i) Ease of use.  

ii) Longevity (maintenance and replacement in remote areas is difficult).  

iii) Weight (considering cost -effective transport by helicopter and ground crews).  

iv) Price.  

v)  Versatility (terrain ranged from rocky ridges to Sphagnum bogs).  

 

Poles 

The pole types trialled were i) aluminium tubing; ii) solid fibreglass rod (6  mm diameter); iii) 

hardwood tree -guard stakes, and; iv)10  mm mild steel reinforcing bar. None of these 

deteriorated substantially over the course of the trial, however aluminium poles clearly 

outperformed other materials for all other criteria. It was the cheapest pole material, the 

lightest, the easiest to use a nd is likely to be the longest lasting. Poles were 10mm diameter 

extruded tube, with 1.2  mm thick walls. Aluminium was purchased in 6.5  m lengths and cut 

to size (1.3 m lengths) using a drop saw.  

 

Mesh  

The mesh types trialled were i) stainless steel chicken wire; ii) longlife blue  galvanised 

chicken wire (a galvanised mesh protected with a thin polymer coating), and; iii) black 

plastic mesh sleeves - an industry standard tree guard material. All performed well, with no 

types failing the course of the trial. Plastic sleeves are cheap est but are less robust than 

the other materials; their expected lifespan is seven years (at this time transplants will still 

be small enough to be vulnerable to herbivores, req uiring tree guards to be replaced).  

Longlife blue  was more expensive than plastic, but is also more versatile as it could be cut 

to shape and used to build larger exclosures if necessary. It was the most rigid of the mesh 

products we trialled, which made it the most difficult to use, however it could per haps 

require fewer poles for support than the other materials.  Longlife blue  mesh is long -lasting, 

however when the polymer coating deteriorates zinc leaching from the galvanised layer 

is likely to be a con cern. Stainless mesh is the longest -lasting, has no leaching issues and is 

very versatile. However, it is far more expensive than other options, and is the least rigid, 

requiring a sturdy frame of poles. In the absence of a clear best option, the optimal m esh 

will depend on the specifics of the project. One option would be to use cheap, simple 

plastic sleeves to protect transplants initially, then when the mesh begins to deteriorate 

replace tree guards on surviving plants with something larger and more robu st. 

 

Pins and tie wire  

Each tree guard was secured to the ground using 4 -6 mild steel jute pins. To secure mesh 

to poles both stainless and galvanised tie wire was used. All pins and tie wire were 

adequate.  

 

*Materials other than aluminium and stainless were used for 88 of the 504 caged 

transplant plots.  
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Table 3: Count of sowing plots in which Pencil Pine seedlings were present and absent in the 2021 re-survey, 

30 months after plots were established. Failure was near total. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Sowing method Caging Re-survey results  

Present Absent  

Dug caged 1 49  

open 1 49  

Scratched caged 1 49  

open 1 49  

Undisturbed caged 3 47  

open 3 47  
 

TOTAL 10 290  

        Box 4.3: Macrotopographic classes  

For more detail s on these classes see French   

(in preparation )- draft thesis chapter  
 

 

 

 

 

 

 

 

 

Sphagnum:  Sphagnum  (live or dead) dominates the 

ground surface or is the main substrate. Low cover of 

both rock and bare soil.  

 

 

 

Dry: Well drained positions, including raised areas, 

moderate to steep slopes and rock scree. Range from 

grassy or shrubby to very rocky.  

 

 

 

Moderate: Positions of intermediate drainage, including 

slopes, gently raised parts of flats and transition zones 

between dry and wet areas.  

 

 

 

 

 

 

Wet: Poorly drained positions which are not dominated 

by Sphagnum , e.g. areas with standing water, wet 

depressions, flats and gentle slopes. The substrate is 

usually peat.  
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4.5 Timeline 

The duration of the trial was 32 months for the natural germinant and sowing plots (established in 

March 2019) and 20 months for transplant plots (established in March and April 2020). All plots 

were re-surveyed in November-December 2021. In the 12 months preceding the establishment of 

both sowing and natural germinant plots precipitation was close to the long-term average, but it was 

lower than average through the following spring and summer (Fig. 4.3). Autumn 2020, when 

transplants were established, was wetter than average, but was followed by a winter which was 

unusually dry. Precipitation in the summer of 2020-21, the only full summer to which transplant 

interventions were exposed, was higher than average, with particularly high rainfall in February. 

   

 

 

Fig. 4.3. Precipitation timeline from one year before trial establishment (Dec 2017) until the final re-survey (Dec 

2021). Coloured bars are monthly precipitation totals from the Lake Mackenzie gauge and the black line is the 

long-term monthly average (Data provided by Hydro Tasmania). 
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4.6 Data analyses  

Different response variables were used for each of the three interventions, as explained below. All 

analyses were undertaken using R statistical software (R Core Team 2022). Where parametric analyses 

were possible, an information theoretic approach was used, in which models with each possible 

ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ǇǊŜŘƛŎǘƻǊ ǾŀǊƛŀōƭŜǎ ǿŜǊŜ ŎƻƴǎǘǊǳŎǘŜŘ ŀƴŘ ǊŀƴƪŜŘ ǳǎƛƴƎ !ƪŀƛƪŜΩǎ LƴŦƻǊƳŀǘƛƻƴ 

Criterion (AIC). AIC favours both model fit and simplicity, and lower values indicate greater support 

relative to other models in the candidate set. Models were selected following the method of Richards 

(2008), whereby the lowest AIC (best) model is retained, and models with a difference in AIC (ҟAIC) of 

more than six are rejected. Remaining models are rejected if a simpler nested model, with a lower 

AIC, exists in the set. The effect size of predictors in the lowest AIC model was then assessed by plotting 

their estimated coefficients and 95% confidence intervals. For natural germinant interventions the 

data did not conform to any standard distribution, and hence Kruskal-Wallis rank sum tests (a non-

parametric comparison of means) were used to assess for statistical differences between caged and 

open plots. 

Natural germinants 

Two response variables were used to assess whether there were differences between caged and 

uncaged natural germinant plots. These were: 

i) change in seedling count with time; and 

ii) change in maximum seedling height with time. 

For each plot, change in seedling count was calculated by subtracting the count at establishment from 

the count at re-survey. Change in maximum seedling height was calculated by subtracting maximum 

seedling height at establishment from maximum seedling height at re-survey. Because data did not 

conform to any standard distribution, Kruskal-Wallis rank sum tests (a non-parametric comparison of 

means) were used to assess for statistical differences between caged and open plots.  

Direct sowing 

Seedling presence-absence was the only response variable considered for direct sowing interventions. 

However, no analysis was necessary, as the results were very clear without formal statistical tests. 

Transplants 

Transplants analyses primarily focused on the patterns of establishment (and failure) over the course 

of the study. Two binary response variables, health and survival, were assigned during the re-survey. 

A third response variable, height, was also included to allow a preliminary assessment of growth 

patterns for healthy transplants. 
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4.7 Results 

Natural germinants 

Protecting naturally germinated seedlings from herbivores had no effect on change in seedling count 

with time (Fig. 4.4). Between establishment and re-survey seedling counts decreased in both caged 

(from 29.8 to 19.5 on average) and open (from 24.9 to 15.9 on average) plots. Herbivore protection 

did affect the maximum height of germinants, however, which increased in caged plots from 40.0mm 

to 52.4mm and decreased in open plots from 46.5mm to 37.0mm over the 30 months of the trial.  

However, even in caged plots, height growth of natural germinants was slow in this time-just 13.5mm 

on average. 

 

Fig. 4.4. Results from natural germinant interventions, in which clusters of wild pencil pine seedlings were either 

protected from herbivory (caged) or left exposed (open). Black dots represent mean values for each group, and 

width of the black outline indicates how data were distributed with regard to Y. (a) Change in seedling count 

was negative over the course of the trial in both caged and open plots, with no statistical difference between 

them (Kruskal-Wallis test, p= 0.58). (b) Change in maximum seedling height was positive in caged plots and 

negative in open plots over the course of the trial, a difference which was significant (Kruskal-Wallis test, 

p=0.032). 
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Direct Sowing 

 Almost all sowings failed, regardless of sowing method used (Table 4.2). Of the 300 sowing plots, only 

10 (3.3%) contained seedlings in the 2021 re-survey. Further, it is likely some of these seedlings 

originated not only from our sowings but also from naturally occurring seed because: i) they were only 

found on plots close to living adult pencil pines; ii) were few in number (average of 2 per plot), and; 

iii) where they were present in sowing plots, seedlings of similar height were also noted in the 

surrounding environment.  

 

Table 4.2. Count of sowing plots in which pencil pine seedlings were present and absent in the 2021 re-survey, 

30 months after plots were established. Failure was near total. 

 

Sowing 
method 

Caging Re-survey results 

Present Absent 

Dug caged 1 49 

open 1 49 

Scratched caged 1 49 

open 1 49 

Undisturbed caged 3 47 

open 3 47  
TOTAL 10 290 

 

 

 

Protection of transplants from herbivores 

Tree guards had a striking positive effect on transplants (Fig. 4.5a). Of the 1006 individuals 

transplanted in open plots, just 90 were found alive (8.9%), and only 13 were healthy (1.3%). In 

contrast, of 1008 caged individuals, 747 were alive (74.1%) and 559 were healthy (55.5%). Among 

open individuals, more individuals survived in unburnt sites, which had higher woody plant cover (Fig. 

4.5b), and lower macropod scat counts (Fig. 4.5c) at the time of establishment. Scat counts suggest 

macropods are by far the dominant herbivore. Across all plots combined, 8144 macropod scats were 

recorded compared to only 93 possum scats, which were the next most common. 24 wombat and 30 

lagomorph scats were recorded. 
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Fig. 4.5. Status of transplanted individuals at the end of the trial in caged and open plots, and variation in both 

live woody plant cover and macropod scat counts at trial establishment in relation to fire history. (a) Stacked bar 

chart showing transplants survived far more frequently in caged plots, and that survival in open plots was more 

frequent in historically burnt areas (unburnt in 2016) than recently burnt areas (burnt in 2016). The violin plots 

show that (b) historically burnt plots had higher woody vegetation cover, and (c) historically burnt plots had 

lower macropod scat counts, at the time of trial establishment. 

1.1.2 IC results for caged individua 

4.7.1 Health and survival of caged transplants 

 

Macrotopography 

 

Macrotopography was strongly supported as a predictor for both the survival and health response 

variables (Table 4.3). This was driven by a higher likelihood of survival and health in Sphagnum and 

dry plots than in moderate and wet plots, where individuals were more likely to be dead or damaged 

(Fig. 4.6). Outcomes in dry and Sphagnum plots were similar for both response variables: in dry plots 

85.5% of individuals survived and 77.4% were healthy, while in Sphagnum plots 90.5% of individuals 

survived and 76.4% were healthy. Survival was similar between wet (67.1% survival) and moderate 

(71.9% survival) plots, however individuals were more likely to be healthy in moderate plots, where 

54.2% of individuals were healthy, than in wet plots, which had the lowest likelihood of health at 

43.5% (Fig. 4.7). 
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Microtopography 

There was strong support for microtopography as a predictor of transplant establishment (Table 4.3), 

with both survival and health being higher in runoff than runon positions (Fig. 4.6). This result 

reinforces drainage as a key influence on transplants. Surprisingly, the positive effect of runoff 

microtopography held true in all macrotopographic positions (no AIC support was found for the 

macrotopography: microtopography interaction term). Hence, even in dry macrotopography, there 

was some disadvantage in planting in poorly drained (runon) positions. 

 

Table 4.3. Summary of results of the AIC analyses assessing support for predictors of survival, health and height 

of transplanted pencil pines. K is the number of estimated parameters and lnL is the maximum loglikelihood. 

¢ƘŜ ōŜǎǘ ƳƻŘŜƭ όƭƻǿŜǎǘ !L/ύ ŦƻǊ ŜŀŎƘ ǊŜǎǇƻƴǎŜ ǾŀǊƛŀōƭŜ ƛǎ ƛƴ ōƻƭŘΦ hƴƭȅ ƳƻŘŜƭǎ ǿƛǘƘ ҟ!L/ ғ с ŀǊŜ ǎƘƻǿƴ ƘŜǊŜ 

(Richards 2008) Predictors present in all selected models are strongly supported, while those present in only 

some models have moderate support. Site was included as a random effect in all models.  

 

Selected models K lnL ҟAIC 

Survival 

y  ~ macrotopography + microtopography + propagation 

7 -433.4 0.0 

y  ~ macrotopography + microtopography 6 -435.4 2.0 

Health 

y ~ macrotopography + microtopography 

6 -521.3 0.00 

Height 

Runon plots 

y ~ macrotopography + propagation + fire history + height before 

9 -1006.7 0.0 

y ~ macrotopography + propagation + height before 8 -1009.6 3.8 

y ~ macrotopography + fire history + height before 8 -1010.6 5.7 

Runoff plots 

y ~ macrotopography + propagation + fire history + height before 

9 -1043.9 0.00 
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Fig. 4.6. Effect size plot for supported predictors of survival and health of transplanted pencil pines. Coefficients 

ŀƴŘ фр҈ /LΩǎ ŦƻǊ ǇǊŜŘƛŎǘƻǊǎ ƛƴ ǘƘŜ ōŜǎǘ όƭƻǿŜǎǘ !L/ύ ƳƻŘŜƭǎ are shown. Effect size (difference from 0) is relative 

to the base model of moderate macrotopography, runoff microtopography and cutting propagation, and where 

фр҈/LΩǎ Řƻ ƴƻǘ ƻǾŜǊƭŀǇ ȊŜǊƻ ŀ ǎǘŀǘƛǎǘƛŎŀƭƭȅ ǎǳǇǇƻǊǘŜŘ ŜŦŦŜŎǘ Ŏŀƴ ōŜ ƛƴŦŜǊǊŜŘΦ 

 

Propagation method 

The most notable difference in results between the two establishment response variables was that 

propagation method was included in the best model of survival but received no support as a predictor 

of health (Table 4.3). Seedlings were more likely to survive than cuttings, but they were also more 

likely to be damaged, with the net result being no difference in the overall likelihood of a cutting or a 

seedling being healthy (Fig. 4.6). 

 

Fire History 

Fire history received no support as a predictor of either health or survival in the AIC analyses (Table 

4.3).  
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Fig. 4.7. Stacked bar charts showing the relative frequency of transplanted individuals that were dead (absent 

or without live foliage), damaged (broken off and/or >10% dead foliage), and healthy (intact and >=90% live 

foliage) in the 2021 re-survey, with regard to predictor variables included in the AIC analyses.  

 

4.7.2. Height growth of caged transplants 

Macrotopography 

Macrotopography was strongly supported as a predictor of height, as was the case for both the 

survival and health analyses (Table 4.3). However, height results differed in that transplants in 

Sphagnum performed similarly to those in wet and moderate macrotopography. Plants were larger in 

dry macrotopography than in all other positions, with an effect size comparable to that of the height 

before covariate (Figs 4.8 & 4.9). A caveat to this finding is that soil depth was lowest in dry 

macrotopography, and hence this pattern could partly be explained by tube stock being planted more 

shallowly in the ground in dry positions. However, if this were true a negative relationship between 

soil depth and height would be expected in dry plots, and this was not the case (Fig. 4.10). Field 

observations suggest that transplants in dry positions grew more vigorously a re-survey of measured 

plants would be necessary to confirm this result. 
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Fig. 4.8. Effect size plot for supported predictors of the height of transplanted pencil pines in the final re-survey.  

/ƻŜŦŦƛŎƛŜƴǘǎ ŀƴŘ фр҈ /LΩǎ ŦƻǊ ǇǊŜŘƛŎǘƻǊǎ ƛƴ ǘƘŜ ōŜǎǘ όƭƻǿŜǎǘ !L/ύ ƳƻŘŜƭǎ ƻŦ ǘǊŀƴǎǇƭŀƴǘ ƘŜƛƎƘǘ ŀǊŜ ǎƘƻǿƴΦ 9ŦŦŜŎǘ 

size (difference from 0) is relative to the base model of moderate macrotopography, cutting propagation and 

recently burnt fire history. Where 9р҈/LΩǎ Řƻ ƴƻǘ ƻǾŜǊƭŀǇ ȊŜǊƻ ŀ ŎƭŜŀǊ ŜŦŦŜŎǘ Ŏŀƴ ōŜ ƛƴŦŜǊǊŜŘΦ wǳƴƻŦŦ ŀƴŘ Ǌǳƴƻƴ 

microtopography were analysed separately because there was strong support for an interaction between 

microtopography and macrotopography. Height before was scaled to allow comparison of effect size with the 

categorical predictors. 

 

 

 

 

Fig. 4.9. Violin plots showing how height of heathy transplants in the final re-survey (December 2021) varied 
with regard to (a) macrotopography and microtopography, (b) propagation type, and (c) fire history. Width of 
the outline indicates the proportion of seedlings at that height. Black dots indicate group means. 
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Fig. 4.10. Scatter plot showing soil depth and the height of transplanted individuals at the time of re-survey in 

all transplant plots in the dry macrotopography class. The blue line is the line of best fit and the grey shaded 

area indicates 95% confidence intervals. If shallower soils resulted in shallower planting depths, which is one 

possible explanation for the greater height of transplants in dry sites than other macrotopographic classes, a 

negative relationship would be expected. This was not the case (Linear regression; F1,64=0.91, P=0.345, R2=0.014) 

suggesting these height differences are due to other factors.  

 

Microtopography 

Despite the support for the microtopography:macrotopography interaction, the pattern of plants 

being largest in dry macrotopographic positions held true in both runon and runoff microtopography. 

Support for the interaction was driven by the effects of microtopography in Sphagnum differing from 

in other macrotopographic classes (Fig. 4.8). In Sphagnum, plants in runon microtopography were 

slightly smaller, while runon microtopography had a slightly positive effect on height elsewhere.  

 

Propagation method 

Propagation was supported as a predictor of height, despite the larger height of cuttings at the time 

of transplanting being accounted for by the height before covariate. Cuttings were slightly larger than 

seedlings (Fig. 4.8), although in runoff microtopography effect size was negligible (95% CIs overlap 

zero). 
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Fire history 

Fire history was strongly supported as a predictor of height (Table 4.3), but the effect was negligible 

in runoff, and small in runon, microtopography, in comparison to other predictors (Fig. 4.8). 

4.8 Discussion 

This study provides insights for restoring a living fossil tree species, which is threatened by climate 

change and fire, within a globally significant protected area (Bergstrom et al. 2021; Bowman et al. 

2021). Of the three interventions trialled for restoring fire-damaged pencil pine stands, transplanting 

was the most promising: direct sowing largely failed, while protecting natural germinants from 

herbivores did not prevent a decline in seedling numbers and was the most difficult to implement. 

Several factors influenced the likelihood of transplant establishment. Protection from herbivores had 

a strong positive effect, with near complete failure of unprotected transplants. Outcomes were similar 

between the two fire histories considered, but varied with topography. Variables relating to the tube 

stock used, namely propagation method, provenance and age, had little effect compared to herbivore 

protection and topography.  

Natural germinants 

The finding that natural germinant numbers declined in both caged and open plots suggests burnt 

pencil pine stands are unlikely to recover through natural recruitment, even if herbivore protection is 

installed. Previous work has shown juvenile attrition rates in the Lake Mackenzie area are high (Bliss 

et al. 2021). However, the fact that caging did not mitigate this was surprising given herbivores were 

a strong influence on transplants at the same sites, and that a similar field experiment in the Central 

Plateau found seedling counts increased by 3% in caged quadrats while decreasing by 56% in adjacent 

open quadrats over 18 months (Cullen and Kirkpatrick 1988a). While it cannot be ruled out that 

differences in design contributed to the contrasting effects of caging observed in the two studies, our 

simpler study would have detected a caging effect of the magnitude reported in the earlier study. We 

conclude that factors other than herbivory drove much of the attrition of natural germinants in my 

trial. 

A major limitation of caging of natural germinants is that juvenile pencil pines are restricted to areas 

near live adults (Bliss et al. 2021, Cullen and Kirkpatrick 1988a), and these positions may be unsuitable 

for their survival. Pencil pine seedlings are subject to several bottom-up filters. For example, field 

studies suggest pencil pines have limited shade tolerance (Cullen and Kirkpatrick 1988a), which was a 

likely constraint on the germinants we targeted, given many of them were located directly under live 

adult trees (i.e. were shaded). Additionally, laboratory experiments show young seedlings are 

susceptible to both drought and waterlogging (Cullen and Kirkpatrick 1988b). It is not possible to 
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determine the causes of mortality during this study. However, it is clear that protecting naturally 

occurring germinants from herbivores is not a reliable standalone approach for restoring burnt stands. 

Direct sowing 

We found no evidence that introducing seed, with or without soil disturbance or recent fire, and in a 

range of microsites, is effective in restoring pencil pines. Both abiotic and biotic factors can cause 

direct sowing to fail. For example, seeds are often removed by predators (Linabury et al. 2019; 

Overdyck et al. 2013; Palma and Laurance 2015), including in the Tasmanian Midlands, where ants are 

known to target sown seed (Bailey et al. 2021b). Other studies have emphasised the impact of 

weather, as sowings which do not align with suitable conditions may fail to germinate or persist 

(Muñoz-Rojas et al. 2016; Hallett et al. 2014). In this study, sowings may have been particularly 

vulnerable to weather conditions given all plots were established within a narrow temporal window. 

All sowings occurred in March; within the time of year natural seed fall usually occurs (Ogden 1978). 

However, precipitation in the weeks that followed was much higher than the long-term average (Fig. 

4.2), which may have affected germination or washed seeds away from the plots. Further trials of 

direct sowing methods are warranted given a large seed collection already exists for the purpose of 

conserving the species. Such trials could account for weather conditions by sowing at several different 

times (both within and between years), and could explore the role of seed predation by applying 

insecticides to some sowings (Bailey et al. 2021b). 

The dearth of successful germination of directly sown seed was surprising because germination failure 

has not previously been identified as one of the constraints on sexual recruitment of pencil pines. 

Laboratory tests have shown seeds have high viability rates and germinate under a range of 

temperatures, both with and without light (Read, 1989). Further, young seedlings are frequently 

recorded following mast seeding events, which suggests that seeds readily germinate if they reach a 

favourable microsite (Holz et al. 2015; Bowman et al. 2019; Cullen and Kirkpatrick 1988a). However, 

several constraints to recruitment have been identified that relate to the spatial and temporal 

occurrence of seed; specifically that seed does not persist in the soil or the canopy, is episodically 

produced and disperses over only short distances (Cullen and Kirkpatrick 1988a). Thus, some work 

indicates it is seed supply, rather than germination and early seedling survival, that limits sexual 

recruitment. However, this inference was not supported by my study, in which, direct sowing failed 

across a range of treatments, including two fire histories and a range of macro- and 

microtopographical positions. It has also been speculated that low severity disturbances (e.g. animal 

digging or trampling) may be important for pencil pine germination in natural settings (Bowman et al. 

2019). However, my study which incorporated three levels of mechanical disturbance, provides no 

evidence that disturbance promotes seed germination or establishment. 
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Transplants 

These results indicate transplanting is a promising intervention to restore pencil pines. This aligns with 

restoration trials using other species which have also found transplanting to be an effective approach 

(Palma and Laurance 2015). 

For some species, transplanting effectiveness may be strongly influenced by tube stock type; for 

example, the method of propagation (Ray and Brown 1995; Zahawi and Holl 2009), genetic 

provenance (Bailey et al. 2021a), and age at the time of planting (Siles et al. 2010). In this study, these 

variables were unimportant compared to whether tree guards were used and where the tube stock 

were planted. While these results apply only to transplant establishment, they suggest transplanting 

outcomes are not highly sensitive to the tube stock used. 

Herbivores  

Our results demonstrate that herbivore protection is necessary for transplants to establish, regardless 

of their position in the landscape. There was some evidence that herbivore pressure varied with fire 

history, because unprotected transplants were most likely to fail in recently burnt sites, where more 

herbivore scats were found. However, scats were also common in long unburnt sites and most 

unprotected transplants failed in these areas. We conclude that herbivores were ubiquitous, and 

decimated pencil pines not protected by tree guards. This reinforces the existing view that herbivores 

are a key constraint on pencil pine recruitment in the Central Plateau (Cullen and Kirkpatrick 1988a). 

²ƘŜǊŜ ƘŜǊōƛǾƻǊŜǎ ŎƻƴǎǘǊŀƛƴ Ǉƭŀƴǘ ǊŜŎǊǳƛǘƳŜƴǘΣ ǎŜŜŘƭƛƴƎǎ Ŏŀƴ ōŜƴŜŦƛǘ ŦǊƻƳ ƴŜƛƎƘōƻǳǊƛƴƎ ΨƴǳǊǎŜΩ ǇƭŀƴǘǎΣ 

which provide structural protection from herbivory (Padilla and Pugnaire 2006). Two of our findings 

suggest a nurse plant effect for pencil pines. First, transplants without tree guards were more likely to 

survive in areas with more shrub cover (unburnt sites). Second, although caging did not prevent 

attrition of seedlings in natural germinant plots, it had a strong positive effect on the height 

germinants attained. These findings are consistent with herbivores targeting seedlings that protrude 

above surrounding vegetation. Thus, we suggest herbivores are a stronger control on seedlings in open 

areas, such as recently burnt sites, than in areas where seedlings have structural protection from 

shrubs.  

Macropods were the dominant herbivore in our study area. Macropod scats were more abundant 

than possum scats (the next most common) by almost two orders of magnitude. Given the extinction 

of the Thylacine (Thylacinus cynocephalus), population decline of the Tasmanian Devil (Sarcophilus 

harrisii) and the cessation of hunting by Aboriginal people and later European trappers, there is 

currently little predation to control macropods in the Central Plateau (Holz et al. 2015). Several lines 
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of evidence suggest macropods constrain pencil pine recruitment and growth, including the dearth of 

adult foliage below the browse height of wallabies (Macropus rufogriseus), high scat counts, and that 

macropods have been observed consuming pencil pine foliage (Holz et al. 2015; Cullen and Kirkpatrick 

1988a). Our findings reinforce this. 

In this study, transplants established well in sites burnt in both 2016  the 1960s. This suggests neither 

of these fire histories is intrinsically unsuitable for pencil pine recruitment. Other work has shown 

naturally occurring pencil pine seedlings are more scarce in burnt than unburnt stands (Holz et al. 

2015; Bowman et al. 2019). This poor recruitment in burnt areas could arise for several reasons, 

including a lack of propagules (few live adult trees), a spike in herbivore pressure following burning, 

or because site conditions are intrinsically unsuitable for establishment. However observational 

studies are ill-equipped to disentangle these mechanisms. In contrast, this trial allowed the role of site 

conditions to be assessed, because herbivory was controlled for, and juvenile pencil pines were 

introduced. 

Sites burnt in the 1960s had high shrub cover, while sites burnt in 2016 were very open. High shrub 

cover may constrain young pencil pines through light competition, given that recruitment in thick 

stands is restricted to disturbance-induced light gaps (Cullen and Kirkpatrick 1988a). However, we 

found no evidence that shrub shading affected transplants in the longer unburnt sites. A caveat to this 

finding is that vegetation was removed over a small area when planting, which reduced shading, and 

possibly below ground competition. While future restoration plantings are unlikely to be affected by 

high shrub cover if they follow the same protocol, it is possible competition from shrubs constrains 

natural recruitment. However, the benefit of shrubs in protecting wild juveniles from herbivores is 

likely to offset possible adverse competitive effects on growth. 

A further effect of high shrub cover is increased flammability, which may impact the long-term survival 

of transplanted pencil pines. For example, a shrub-fire feedback has been demonstrated for stands 

burnt in the 1960s, whereby shrubs increased following burning, driving higher mortality of adult 

pencil pines in subsequent fires (Holz et al. 2015; Bowman et al. 2019). This suggests transplants, and 

naturally recruiting pencil pines, may be particularly vulnerable in areas of high shrub cover when 

future fires occur. Measures to manage fire risk in restored and natural stands are discussed in the 

management recommendations section below. 

Our results suggest time since fire is not a key consideration for restoring burnt pencil pine stands. 

Whilst a common assumption following ecologically damaging fires is that rapid intervention is needed 

to restore the system, this is not always the case (Beghin et al. 2010; Beschta et al. 2004). In this trial, 
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transplant establishment rates were similar between recently and historically burnt sites. Therefore, 

burnt pencil pine stands remain suitable targets for restoration long after fire. 

 

These results show that transplant establishment can be improved by selecting favourable planting 

positions within a site. This aligns with a growing body of work showing that microsites are important 

in restoration plantings, which can be predicted by indicator species (Dunwiddie and Martin, 2016), 

proximity to shelter (Bailey et al. 2012), substrate characteristics (Douterlungne et al. 2015), and 

topographic variables (Larkin et al. 2006). For example, fine-scale topographic features influence 

transplant survival in prairies of the Pacific North West (Dunwiddie and Martin, 2016), dune systems 

in Michigan (Halsey et al. 2017), and wetlands of southeastern Australia (Raulings et al. 2007). In this 

trial, we used a multiscale topographic classification system (considering both 3 and 0.5 metre scales) 

which predicted transplant establishment rates. We designed this to be a simple and practical tool for 

selecting favourable planting positions, but it was limited by the fact that topographic classes were 

assigned post field survey. Future work could ground truth this classification system and refine it if 

necessary. Regardless, the results demonstrate that considering planting position at fine scales is 

important, in contrast to selecting restoration sites using only coarse-scale factors (e.g. fire history).  

 

Our results suggest waterlogging is a key constraint on young pencil pines, which was unexpected 

because the densest pencil pine stands are found in wet areas. Poorly drained positions had lower 

establishment rates at both scales of topography I considered. Topography influences vegetation via 

several mechanisms, including by modulating drought stress (Tongway and Ludwig, 1994) frost 

occurrence (Marquis et al. 2021) and waterlogging (Raulings et al. 2007). Frost and waterlogging may 

show similar patterns in that the effects of both are strongest in drainage hollows. However, the 

effects of topography we observed seem unlikely to be driven by frost, given laboratory studies have 

found both juvenile and adult pencil pines are remarkably frost tolerant (Sakai et al. 1981; Cullen and 

Kirkpatrick 1988b). In contrast, waterlogging is a known constraint on pencil pine seedlings (Cullen 

and Kirkpatrick 1988b), and is thus a more likely driver. We suggest well-drained sites should be 

targeted in future pencil pine restoration plantings. Note, however, the effects of topography might 

be different in dry periods; i.e. when drainage hollows are not inundated, and plants in well-drained 

positions may be vulnerable to drought stress. 
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1.1.3 Growth 

This trial provides early insights into the patterns of growth, and suggests constraints on growth and 

establishment are different. Specifically, while transplants establishment rates were similar between 

Sphagnum and dry macrotopography, transplants were taller in the latter, suggesting there were 

constraints on growth in Sphagnum. One likely factor is nutrients, given transplants in Sphagnum were 

surrounded by Sphagnum and decomposing organic matter rather than by soil. In contrast, transplants 

in dry positions were surrounded by soil, and hence probably had access to more nutrients. That this 

did not affect patterns of establishment is not surprising, because tube stock were transplanted with 

a small amount of potting mix, which contained granules of slow-release fertiliser, and probably 

provided sufficient nutrients for transplants to survive and appear healthy during the trial. These ideas 

are speculative at present, but future re-surveys could explore them in detail. For example, soil could 

be sampled from dry, moderate, wet and Sphagnum positions, to determine whether they differ in 

fertility. It would also be interesting to fertilise a subset of surviving transplants and monitor effects 

on growth. Additionally, re-measuring transplant height would allow growth rates to be calculated 

(this was not possible in the present study due to the measurement issues outlined in the methods). 

Such additional data would be simple to obtain and could illuminate whether nutrients (i) vary with 

topographic position; (ii) constrain pencil pine growth, and (iii) whether fertiliser may aid pencil pine 

restoration. 

 

4.9 Management recommendations 

Adaptive management 

These recommendations are based on the first trial of pencil pine restoration methods and focus on 

the establishment and early survival of transplants. These recommendations must be revisited as new 

information is gathered. For example, further work is required to determine longer-term patterns of 

transplant survival and growth. Additionally, the effects of topography outlined (where well-drained 

positions are most favourable) could be reversed in drought conditions, particularly given the only 

summer transplants were exposed to in this trial was unusually wet. Hence the trial must be re-

surveyed over the coming years, particularly following drought events. The potential of direct sowing 

and natural germinant interventions also warrants further attention. With the importance of adaptive 

management stated up front, guidelines for restoring burnt pencil pine stands are presented below, 

based on French (PhD thesis, in preparation).  
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Box 4.4. Guidelines for Pencil Pine restoration.  
 

NOTE: These are based on early results and could be modif ied  after  future  monitoring and 

research.  

 

Intervention type  

¶ Transplanting tube stock, with herbivore protection, should be the primary intervention 

approach.  

¶ Where naturally occurring seedlings are found, tree guards can be constructed to 

protect them.  

¶ Direct sowing is unlikely to be effective.  

 

Herbivore protection  

¶ Transplants must be protected from vertebrate herbivores, particularly macropods.  

¶ Individual tree guards are an effective option for rugged terrain.  

¶ When choosing a tree guard design, long -term maintenance and/or replacement 

should be considered. See Box 4.2 for recommendations on materials.  

 

Propagating tube stock  

¶ Tube stock may be propagated from seed or cuttings; whichever is most convenient.  

¶ This requires lead time of around 2 years (tube stock 1.5 years old at the time of planting 

are sufficient for establishment).  

¶ Seed should be germinated outdoors (not in a greenhouse).  

¶ There is little evidence that provenance is important  (see Box 4.1) . 

 

Planting position  

¶ Stands burnt recently and in historic fires (e.g. 1960) are equally suitable.  

¶ Choice of planting position at fine scales strongly influences the chance of success.  

¶ Well-drained areas are best, followed by Sphagnum  dominated areas.  

¶ Poorly drained non -Sphagnum  areas are least likely to succeed.  

¶ At the 0.5m scale, runoff microtopography (hummocks, mounds  and slopes) is 

preferable to runon (hollows, pans, depressions and flats) microtopography, particularly 

in wet areas.  

¶ The macrotopographic classes described in Box 4.3 can be used to help choose 

planting positions.  
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Start restoration efforts promptly: do not wait for new fires. 

Given historically burnt stands remain suitable for restoration, and are abundant in the Central 

Plateau, restoration need not wait for new fires to occur. Fires have already caused the loss of pencil 

pines across approximately one third of their global range since European invasion (Bowman et al., 

2019), a trend that is likely to continue (Harris et al., 2018; Mariani et al., 2019), and to only be offset 

by active intervention. Initiating an ongoing restoration program promptly would be prudent given 

pencil pines grow very slowly, and that lead time is required (i.e. to source funding, obtain permits, 

propagate tube-stock and purchase tree guard materials). Further, restoration efforts could be re-

routed if a high priority stand was burnt in the meantime, for example in a frequently visited part of 

the TWWHA. 

Plan herbivore protection carefully. 

Transplanted pencil pines require herbivore protection until they are taller than the Macropod browse 

line; a height that will likely take decades to attain given the slow growth rate reported for pencil pines 

(Cullen and Kirkpatrick 1988a; Ogden 1978). Tree guard design needs to accommodate this. If small 

guards are used these will need to be replaced or modified as transplants grow. For example, the 

closed top, tee-pee style guards we used in this experiment will eventually require replacement. 

Climbing herbivores, such as possums, are not prevalent at Lake Mackenzie and hence larger, open 

topped tree guard designs should be considered. It is possible that the herbivore assemblage may 

change, necessitating different herbivore protection measures. For example, fallow deer, a large 

invasive herbivore, may become more prevalent given the documented trend of range expansion and 

population growth (Cunningham et al. 2021). 

Choose sites strategically. 

The locations of pencil pine restorations should be carefully considered. A useful tool to inform such 

decisions is bioclimatic modelling, which allows populations to be assessed for their resilience to 

climate change. Bioclimatic models also allow the identification of refugia ς  areas which can facilitate 

a species persistence through periods of adverse conditions (Keppel et al. 2012). Several studies have 

already used Athrotaxis species in bioclimatic models, providing clues for decision makers (Keppel et 

al. 2015; Mariani et al. 2019; Porfirio et al. 2014). For example, one such study found that montane 

forest stands, containing Athrotaxis, are in many cases already near the climatic margins for that forest 

type, and suggested conservation efforts should focus on stands in the most climatically suitable areas 

(Mariani et al. 2019). That study also highlights many unoccupied fire refugia in the Tasmanian 

landscape, into which pencil pines could be translocated. This could increase the spatial redundancy 

of pencil pines, and hence reduced the vulnerability of the species to disturbances.  
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Prioritise fire protection of existing stands 

If restoration of burnt pencil pine stands proves possible it will be slow, expensive, and will produce 

stands of a different character to natural ones (e.g. more uniform age structure, different spatial 

patterning and a lack of clonal clusters). Thus, a key priority should be to protect existing pencil pine 

stands from fire. Targeted fire suppression has already been used to protect pencil pines: a stand at 

Lake Rhona was saved from wildfire in 2018 by installing a temporary sprinkler system. Mechanical 

fuel management should also be considered. Pencil pines surrounded by shrubs are more likely to be 

killed by wildfire, and hence removal of shrubs by ground crews could be an effective means of 

protection (Bowman et al. 2019). However, our results highlight a potential trade-off for shrub 

removal, as this may also make wild pencil pine seedlings more vulnerable to herbivory. Nonetheless, 

proactive fuel management would likely prove cheaper and more effective than fine-scale fire 

suppression efforts. 

Explore social license for active interventions in the TWWHA 

Where active interventions are used to conserve a species, this can impact on another key 

ƳŀƴŀƎŜƳŜƴǘ ƎƻŀƭΤ ǘƘŀǘ ƻŦ ƳŀƛƴǘŀƛƴƛƴƎ ΨǿƛƭŘƴŜǎǎΩ ƛƴ ǇǊƻǘŜŎǘŜŘ ŀǊŜŀǎ (Prober et al. 2019). This is 

particularly relevant in the TWWHA, the wilderness character of which is highly valued by the local 

community and is an explicit management priority (although see the critique of Fletcher et al. (2021) 

highlighting how the wilderness paradigm disenfranchises first nations people). This trial is among the 

first active conservation interventions to be used within the TWWHA, but such approaches must 

increasingly be considered in response to climate change. The interventions that are acceptable will 

ǳƭǘƛƳŀǘŜƭȅ ƘƛƴƎŜ ƻƴ ŎƻƳƳǳƴƛǘȅ ŀǘǘƛǘǳŘŜǎΦ wŜǎŜŀǊŎƘ ƻƴ ΨǎƻŎƛŀƭ ƭƛŎŜƴǎŜΩ ŦƻǊ ŎƻƴǎŜǊǾŀǘƛƻƴ ƳŜŀǎǳǊŜǎ ƛƴ 

Tasmania to date has focused on the establishment of protected areas, rather than management 

specifics, however this work has often identified disparities between perceived and actual attitudes 

of stakeholders (Kelly et al. 2020). Hence, rather than assume wildness is the key priority, we suggest 

community attitudes towards interventions in the TWWHA should be rigorously explored. We note, 

anecdotally, that support for the present trial has been strong. A range of stakeholder groups 

contacted during the permitting process were supportive, and media coverage has been positive 

(Chandler 2020;  Hunt and Whitebeach 2022). 
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5. Conclusions 

/ƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛǎ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ŜȄǇƻǎǳǊŜ ǘƻ ǿƛƭŘŦƛǊŜ ƻŦ ¢ŀǎƳŀƴƛŀΩǎ ǎǳō-alpine vegetation, which is 

poorly adapted to fire.  The Lake Mackenzie Rehabilitation Trials have demonstrated that while post-

fire recovery this vegetation is very slow and patchy, there are some practical interventions available 

to help restore Sphagnum ƳƛǊŜǎ ŀƴŘ ǇŜƴŎƛƭ ǇƛƴŜ ǇƻǇǳƭŀǘƛƻƴǎ ƛƴ ¢ŀǎƳŀƴƛŀΩǎ ŎŜƴǘǊŀƭ ƘƛƎƘƭŀƴŘǎΦ 

Restoration is most likely to succeed if methods are based on robust experimentation and refined 

through adaptive management; the highly replicated field trials we established near Lake Mackenzie 

provide a crucial start. 

Our observations of burnt Sphagnum mires near Lake Mackenzie, combined with results from other 

studies, indicate that full recovery of moderately burned areas is likely to take decades, and severely 

burned patches are unlikely to recover without massive and sustained restoration effort (Chapter 2). 

Our highly replicated trial showed the most effective restoration technique was to apply shadecloth 

to Sphagnum that had been damaged, but not completely killed, by the fire. This should be done as 

soon as possible after the fire, to minimise the harmful effects of intense sunlight on damaged 

Sphagnum. In contrast to restoration trials in the Australian Alps, in our trial fertiliser application was 

harmful to Sphagnum, even in unburnt areas. It is possible that a different formulation and rate could 

be beneficial, and more research is required on this. Transplanting healthy Sphagnum into burnt areas 

was not very successful. Further work is needed into ways of enhancing the success of transplants, 

possibly through restoring hydrology of burnt areas. Ex situ production of Sphagnum transplant 

material would reduce impacts on donor sites, and make transplanting a more ecologically attractive 

option. 

The Lake Mackenzie project has shown that damage to mature stands of pencil pines can be reliably 

assessed 12 months after fire, and probably sooner (Chapter 3). We also found that targeted 

interventions can help re-establish severely damaged populations and thereby maintain pencil pines 

in the landscape (Chapter 4). To do this, transplanting of nursery-grown seedlings or cuttings appears 

more effective than either direct sowing or protecting naturally occurring germinants from herbivores, 

though further testing of these approaches is warranted. Young pencil pines will successfully establish 

only if plants are protected from macropod herbivores. Transplant establishment can be further 

improved by choosing favourable planting positions at fine scales, because effects such as 

waterlogging also appear to constrain young pencil pines. The many burnt stands which already exist 

are suitable for restoration, and hence a planting program targeting these stands could start now. The 

guidelines presented must be adapted following future research, including re-surveys of this trial, in 

which longer-term patterns of survival and growth can be assessed. Other interventions to conserve 



TWWHA Bushfire Recovery: Lake Mackenzie Rehabilitation Trials. Final Report 
            

78 
 

pencil pines should also be considered, such as establishing populations in unoccupied fire refugia, 

and using fine-scale fuel management to protect existing stands from fire. 

Restoration interventions are likely to become more important as climate change imposes more stress 

on Tasmanian sub-alpine vegetation, both directly from drought and higher temperatures, and 

indirectly through increased frequency and severity of wildfire. The research outlined in this report is 

therefore likely to be only the beginning of the development of techniques to mitigate damage and 

encourage recovery from wildfires in the Tasmanian Wilderness World Heritage Area.  
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Scientific publications 
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Tasmanian conifer Athrotaxis cupressoides susceptible to population decline. Australian Journal of 
Botany 69, 162-173. https://doi.org/10.1071/BT20117 
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the Tasmanian Wilderness World Heritage Area, Australia. Restoration Ecology. e13797. 
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Thesis and Thesis Chapter 

Harding, M.C. (2021). Post-fire impact assessment of Tasmanian Sphagnum bogs: UAS mapping trials 

and method development. Honours thesis, School of Biological Sciences, University of Tasmania. 

French, BJ (in preparation) In situ conservation of the pencil pine (Athrotaxis cupressoides) under a 

changing climate; a post-ŦƛǊŜ ǊŜǎǘƻǊŀǘƛƻƴ ǘǊƛŀƭ ƛƴ ¢ŀǎƳŀƴƛŀΩǎ /ŜƴǘǊŀƭ tƭŀǘŜŀǳ. PhD Thesis Chapter, 

University of Tasmania. [will be posted online when passed] 

Published report 
 
Harding M, Turner D, Williamson G, Nichols S, and Bowman D. (2022) Post-fire impact assessment of 
Tasmanian Sphagnum bogs. Unmanned aerial system mapping trials and method development. 
Report No. 724.2022 Bushfire and Natural Hazards CRC, Melbourne  
https://www.bnhcrc.com.au/sites/default/files/managed/downloads/post-

fire_impact_assessment_of_tasmanian_sphagnum_bogs.pdf  

 

Establishment reports 

French, B. (2022) ΨEvaluating post-fire restoration methods for pencil pines (Athrotaxis cupressoides): 
the Lake Mackenzie field trial. Establishment Report. June 2022.' Fire Centre Research Hub, 
University of Tasmania, Hobart.  
 
Nichols S, Prior L, Bowman D (2022) 'Sphagnum Trial Establishment Report. TWWHA Bushfire 
Recovery: Lake Mackenzie Rehabilitation Trials. June 2022.' Fire Centre Research Hub, University of 
Tasmania, Hobart. 
 

Nursery Notes 

Written by Herb Staubman (Habitat Plants Nursery) and Ben French (UTAS) to assist with future pencil 

pine propagation efforts. Habitat Plants Nursery in Liffey were contracted to grow 4000 pencil pines 

for this project. These notes record the contract requirements, procedures used, and issues 

encountered in the nursery. 

https://doi.org/10.1071/BT20117
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Data 

All data and metadata files, with the exception of the UAS drone spatial data, including descriptions 

of methods, have been uploaded to an institutional repository (RDP) housed by the University of 

Tasmania. Files are discoverable via Research Data Australia with mediated access available via the 

following links; 

Sphagnum Rehabilitation Trials:  https://dx.doi.org/10.25959/1rxp-g309 

Pencil pine Resurvey: https://dx.doi.org/10.25959/hys9-cb16 

Pencil Pine Interventions:  https://dx.doi.org/10.25959/sa6x-gd36 

This data along with the UAS drone data have been provided to NRE Tasmania for storage. 

7.1 Decision Support Tools. 

Management responses to future fires 

We have developed decision support tools based on our research, to assist managers respond to 

future wildfires in areas of Tasmania that contain pencil pines or Sphagnum mires. 

While many of the steps are the same for the two communities (e.g. assess the extent of the affected 

areas using aerial surveys, and the severity of damage using on ground survey), there are important 

differences regarding the timing: 

1) In the case of sphagnum mires, shadecloth should be applied as soon as possible to damaged 

sphagnum, to minimise further damage caused by high light levels and possible desiccation 

and to encourage recovery. A fast response will almost certainly give the best results. 

2) With areas of pencil pine, there is not the same urgency, as planting in stands burnt decades 

ago gave results that were almost as good as in recently burnt stands. This provides a great 

opportunity to implement an ongoing restoration program in long dead stands of pencil pine 

in the TWWHA. Given the long lead time of producing tube stock in the nursery, and the 

ǎǇŜŎƛŜǎΩ ŜȄǘǊŜƳŜƭȅ ǎƭƻǿ ƎǊƻǿǘƘ ǊŀǘŜǎΣ ƛǘ ǿƻǳƭŘ ōŜ ŜȄǘǊŜƳŜƭȅ ƘŜƭǇŦǳƭ ǘƻ ƘŀǾŜ ǘǳōŜ ǎǘƻŎƪ ŀƴŘ 

tree guard materials on hand when the inevitable next wildfire occurs. Developing restoration 

expertise would also be extremely helpful, so that there are people in the workforce with 

experience in tree planting and constructing tree guards in remote locations. 

The attached decision support tools contain the tools necessary to make speedy decisions on restoring 

Sphagnum mires and pencil pine stands in remote parts of the TWWHA burnt by unplanned wildfires.    

https://dx.doi.org/10.25959/1rxp-g309
https://dx.doi.org/10.25959/hys9-cb16
https://dx.doi.org/10.25959/sa6x-gd36
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Post-fire Rehabilitation of Tasmanian Sphagnum Mires- Decision Support Tool 

Bowman DMJS, McCormack SA, Nichols SC, Porter M, Williamson GJ and Prior LD (2023). Post-fire 

Rehabilitation of Tasmanian Sphagnum Mires- Decision support tool. 

Post-fire Restoration of Tasmanian Pencil Pines- Decision Support Tool 

Bowman DMJS, McCormack SA, French BJ, Bliss A, Porter M, Williamson GJ and Prior LD (2023). Post-

fire Restoration of Tasmanian Pencil Pines- Decision support tool. 
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