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Summary

In January 2016, following an exceptionally dry spring, lightning storms ignited extensivédires

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 -skffisgive subalpine
vegetation, including 141 ha of pencil pin&tifrotaxis cupressoidg$orest and an unknown area of
Sphagnummoss communities, were burnt. Pefgte enquiries recognised the importance of
Gondwanan refugia, includingphagnummired = Ay LINRPGSOGAY3I ¢l aYlyAl Qa
identified the need for research into pofite impact assessment and restoration of these
communities. This led to the Lake Mackenzie Rehabilitation Trials, funded by what ish@ow
Department ofNatural Resources and Environment Tasmania (NSEFunding was awarded to the
University of Tasmania (UTAS) in midi mTo tedt methods to promote recovery, rehabilitation

and/or maintenance opencil pineand Sphagnuncommunity values in the TWWHA, where these
KIS 088y REYF3ISR 68 FANBS GFNESGAYI FNBF& 0dNY(
Between December 2017 and January 2022, UTAS researchers conducted four trials to promote

recovery, rehabilitation and/or maintenance péncil pineand Sphagnuntommunities, specifically:

1. Investigating the potential to use drones to map the fire severity and aregphhgnunmires
burned by the 2016 fire€hapter 2).

2. ASphagnumehabilitation trial, to test whether various combinations of fertiliser, shadecloth and
Sphagnumtransplants can promote recovery of tH&phagnummires burnt in the 2016 fire
(Chapter).

3. A resurvey of adultpencil pines to quantify delayed mortality, resprouting, and presence of
juveniles(Chapter3).

4. A trial of interventions to restore stands pencil pine(Athrotaxis cupressoidgsiamaged or
destroyed by fire. These interventions included sowing seed, transplanting nigs®mn
seedlings and cuttings, and use of tree guards to protect germinants and transplanted tube stock

from herbivoregChapter 4).

The major findings of these trials are:

1. Itis crucial to identify the areas burnt, and assess burn severity, as soon as possible after the
fire. The two years that elapsed pefste 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 dburnt Sphagnum.Shadecloth promoted
recovery ofSphagnunburnt at moderate severitywith healthySphagnuntover 14% higher
in shaded compared with unshaded quadrdatke beneficial effects of shadeclatbuld have
been everlargerif it wasapplied soon after the fire. By contrast, the fertiliser we applied was
detrimental to the Sphagnum with 10% less health$phagnumcover in fertilised than
unfertilised quadrats in unburnt and moderately burnt quadraffhere was no effect in
severely burnt quadrats because almost all Bghagnumwas already dead).Sphagnum
transplants resulted in a net loss &phagnumfrom moderately burnt areas, and were
minimally effective in reintroducin§phagnunto severely burnt areas. More work is needed
to develop ways to improve survival of transplan@®phagnumfor example by restoring the
hydrology of these areas.

3. Most mortality ofpencilpine occurred within 12 months of the fire, so we recommend early
assessment of fire impacts on this species. Four yearsfipestortality averaged 69%, but
varied according to fire severity, stem size and whethergiisting fire scars were present.
There was a little basal resproutiagd a few juveniles were present in stands burnt at low
severity, but none in moderately or severely burnt stan@ar 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 ratherithai KS & LISOASa Q @dzZ Yy SNI o
results from its lack of reliable recovery mechanisms. Interventions such as sowing seed or
transplanting seedlings or cuttings should be explored as a way-edtablishing fireilled
stands.

4. Our trial implementing these interventions confirmed thdtete were not many natural
germinants present in burnt standsjeéncil pine andshoweddirect sowing of seed produced
few seedlings, even in small areas protected from herbivory. More encouragihgbst two
years aftertransplaning, seedlings and cuttings had survival ratds-74% when protected
from herbivory (but only 9% when exposed to herbivQrésfty-six percent of protected
transplants, but only 1% of unprotected ones, were classedealthy 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 longdeadpencil pinestands, 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 stbhpine vegetation in the TWWHA, but that it is important to act quickly to

assess the damage and initiate restoration inteniens. Fire frequency and severity are protected to
AYONBF&AS Ay ¢lLavYlyialQa StS@FGSR I NBFras GKNBIFGSyA
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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 iconieafpibe communities such

as pencil pine an8phagnummires in the landscape of the TWWHA.



TWWHA Bushfire Recovery: Lake Mackenzie Rehabilitation Fiiz$ Report

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 spaicezdly 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. 2@L&)cent example occurred during the
summer of 20158016. Btween 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) (Fit). TThis landscape was particularly receptive to
lightning ignitions due to the low spring rainfall in 2015 and above average summer temperatures

(Figs2.3 &2.4; Bowman et al. 2019; Karoly et al. 2016)

Mersey Forest
Complex of fires

I 2016 fires

TWWHA

Lightning strikes
® 13 January

28 January Bowman et al. 2020

Fig.1.1. Lightning strikes and subsequent fires, summer 2016 (Bowehah 2021).

One of the most severely affected areas was around Lake Mackenzie, where alnt®¥ hd of
subalpine vegetatiomwas burnt.These fires not only burnt firadapted vegetation such &ucalyptus

forest, but also damaged or destroyed more fire sensitive species sud&ihastaxis cupressoides
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(pencil pines) andSphagnumApproximatelyl41 ha ofpencil pine (Athrotaxis cupressoidggorest

and an unknown area dgphagnummires were burnt (Bowman et al. 2019; Bowman et al. 2021).
6b203S GKIFG WYANSa& Qeivambs bf dairSvatdt dr@rdrdirgall, and Kihetefore NB O
nutrient poorand acidiZ ' YR WFSyaQr 6KAOK 3ASG Y2aid 2¢Bn 6§ KSANJ
bericher in nutrientsand less acidithan bogs) Sphagnunmmirestypically exclude fire because under

normal conditiors, the vegetation and organic substratewhich they groware saturatedbut they

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

The 2016 Tasmanian Wilderness Fires sparked global iméeliast (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 réDBHPWE 2017The
enquiries all identified the importance of Gondwanan refugia, includpbagnunmires, and the

need to undertake research into pefite impact assessment and restoration techniques of these
communities. This led tohe Lake Mackenzie Rehabilitation Trials, funded by the then Tasmanian
Department of Primary Industries, Parks, Water and the Environment (DPIPWH)épanment of

Natural Resources and Environment Tasmania (INISE

Tenders were called for thEWWHA Bushfire Recovery: Lake Mackenzie RehabilitationPhnogst

G2 WRS@GSt2L) IyR GNAI f pend pike2siaddsSphagidmpeBtigndsand A G I G A :
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 walkiat with mitigating future fire impacts on the
Outstanding Universal Valugs¥ G KS ¢22 11 Q o0¢lFavYlIyAlty D2@SNYyYSyi

The tender document spegihgthe scope of work includes:

i. Identify rehabilitation methods (the trials) for pencil pine stan8phagnunpeatland aml
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 frothe trial rehabilitation sites.

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

Funding was awarded to the University of Tasmania (UTAS) i20f&lto conduct the first two

components of the project, and specificafijo test methods to promote recovery, rehabilitation

10
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and/or maintenance opencil pineand Sphagnunmcommunity 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

ren- 6AfAGFOGAR2Y YSGK2Ra Yl & 0SS &adz00Saaf¥dA oé

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

of pencil pineand Sphagnuntommunities, which are documented in this report:

1. An investigation of the potential to usenoccupiedr SNA | f @GSKA Ot Sa 6! ! x4
visible spectrum sensor technology to map the fire severity and are&pfagnum
communitiesburned by the 2016 fires (Harding et al. 2023)nimarised irChapter 2, witha
link to the full report inChapter 7.

2. ASphagnuntehabilitation trial, to test whether various combinations of fertiliser, shadecloth
and Sphagnuntransplants can promote recovery of tiswhagnuncommunities burnt in the
2016 fire (Prior et al. 2022Lhapter 2).

3. A resurvey of adultpencil 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. @D@4pter 3)This study built on a
UTAS Honours project conducted on the same treesyaa postfire (Bliss 2017; Bowman
et al. 2019).

4. A trial to assess the effectiveness of interventions to restore stangsrtfilpine (Athrotaxis
cupressoidgsdamaged or destroyed by fire. These interventions included sowing seed,
transplanting nursengrown seedlings and cuttings, andeusf tree guard to protect both

naturalgerminants and transplasfrom herbivoregChapter 4).

Three of the four components of the project are described in individual chapters in this report, with
the fourth summarised in Chapter. ote that establishment reports with full methods and technical
details are also available, and that several pesfiewed scientific papers based on this work have

been publishedChapter 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
|l @RNR ¢FavYlyAaled [1S alO1SyiAS Aa ySFHN G6KS SR3S
1200 m above sea level, in the far north of the TWHHAXR.Soils are skeletal on ridges and organic

on drainage lines and their slopes. The vegetation near Lake Mackenzie isgeafived mosaic of

11
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wetlands and marshes; alpine heathlands comprised of shrubs siriblasa scoparia, Richea acerosa
andOrites revolutawoodlands dominated blucalyptus coccifergrass and sedgeland patches; and
patches of Gondwanan vegetation, includipgncil pinestands (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 ofpencilpines to fire (Bowmaret al.2019; Mariani et al., 2019).

Lake Mackenzie

o
Tasmanian
Wilderness World

Heritage Area

® Pencil Pine Intervention
@ Pencil Pine Mortality

® Sphagnum Restoration/Drone Sites
[ Fire Boundary

Fig.1.2. Location of trial sites fahe Lake Mackenzie restoratigiroject. Pencil pine interventions in blue, pencil
pine mortality resurvey sites in greeBphagnunrestoration and UAS survey sites in pink. Lakes are shown in
pale blue andhe 2016 Lake Mackenzie fire footprint is showrgiay. The small map shows theal location

in Tasmanigthe black line indicating the boundary of the TWWHA.

Mean annual precipitation at Lake Mackenzie is 1985 mata( supplied byHydro 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 ttf&phagnuntrial 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 higavation weather station, range from a mean
monthly minimumof -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-raeard high
temperatures in the study region in the summer of 2021/22 (Rig), which likely stressed the

recoveringSphagnurand other vegetation adapted to cool and wet conditions.

12
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Fig.1.3. Precipitation at Lake Mackenzie in relation to the project timeline. (a) Monthly precipitation (bars) in

relation to longterm averages (dashed lines). Red arrow indicates time of fire, and black arrow, the final field
measurements. (b)-8onth rolling aerage precipitation, expressed as a percentage of fengn average. (c)

Timeline of the study, from the time of the fire to the final measuremeiitse ticks indicate the start of the

8SIENWY 5NRYS AYRAOF(GSa GKS gefiod dudng ok theSphegruliplod weed 6 Q A Y R
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nursery3 NR gy OdzidAy3da FyR aSSRftAy3da 6SNB GNIyaLXl yiSR Ay
all seedlings and transplants veeassessed
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2. Sphagnum Restoration Trials

Background

There were two facets to th8phagnumestoration trials at Lake Mackenzie: (1) investigating the use
of smallunoccupiedaerial systems (UAS) to identify moderately and severely dam&gedgnum
and (2) testing whether recovery of fidamaged Sphagnumcould be improved by applying

shadecloth, fertiliser or transplanting healt®phagnum

The testing of uaccupiedaerial systems has been reported on by Harding et al. (2022), and the
abstract is reproducechiChapter7 (Project Qutputs). The work is summarised very briefly here, as
follows. A key step iBphagnunmire restoration is to develop rapid, broastale, coseffective and

low impact techniques to survey and identify sites in need of rehabilitation. Traditiongtaamd
mapping and monitoring of fire severity is labaaotensive and can compound fire damadedugh
extensive trampling of already impacted areas. Low spatial resolution remote sensing products, such
as satellite imagery and aerial photography, are unsuitable for surveying fire seveSiphagnum
mires because of their small extent (typicallirZ ha), complex and fingcale vegetation mosaics and
frequent obstruction by cloud covébe Roos et al. 201.83mall unccupiedaerial systems (UAS) can
capture imagery at-Pcm resolution and have previously been used for mapping and monitoring fire
severity and species compositions in other environmentserdfore, one component of the Lake
Mackenzie project was to investigate the efficacy of usimgccupiedaerial systems (UAS) with visible
spectrum sensor technology to map the fire severity and afegphagnunmires 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 thnéres studied. There was
acceptable agreement between field and remotebnsed assessments of damageSjghagnumn

the mirewith highSphagnuntover. However, agreement was poor in areas with high grass (feiger

2.1), highlighting the importance of acquiring imagery immediately after fire. Fustizek will be
required to evaluate the potential of UAS to identify areasSphagnumnsuitable for rehabilitation

efforts if such imagery can be acquired.

14
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Fig.2.1. Post-fire regrowth of grasseseducedaccuracy ofutomated mapping oérea burned Image credit.

Darren Turner.

Sphagnummoss andSphagnunpeatlands

Sphagnumis 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 thes®. isristatum.Sphagnum

peatlands have a very restricted occurrence in Australia, where they are mainly found in montane and
alpine regions in poorly drained, infertile site§he major factor limiting the development of
Sphagnunpeatlands in Australia is moisture availability, and in particular evapotranspiration in the

driest month (Whinam et al. 2003\lpine Sphagnummires and associated fens occupy an estimated

3100 ha in Tasmania, mainly in the Tasmanian Central Highlands and Tasmanian Southern Ranges
0A2NBIASplagmmbBSIRIitW yRaQ INB tAaGSR Fa NINB Ay ¢F
Committee 2009)WIpineSphagnumbogda | YR | 842 0A 1 GSR FSyaQ I NB fAa
communityat a national leveldue 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 favoiBphagnummoss 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, leaithg to more accumulation of peat and greater water retention in the landscape.
However, climat drying, grazing and trampling by animals or hydrological disturbance can damage

peatlands through soil compaction, increased drainage and runoff, and soil erosion. For example,

15
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burning can be fivdold 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 dishgdaan 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 -afid run
filtering (Wikipedia 2022). Peatlands can also accumulate large amounts of carbon,isvhsially

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 direehsequence of climate change (Gallégalaand Prentice

2013).

2.1 Posffire restoration ofSphagnum

Sphagnumis especially vulnerable to the effects of fire, the frequency and severity of which are
increasing due to climate change (Threatened Species Scientific Committee HEd@9)can
immediately killSphagnumand 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 cangehaire
drainage patterns (Kettridge et al. 201%yhen Sphagnunis 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, danSqdiagnum
mires(Good et al. 2010 Studies following the 2003 firésund that fire immediately caused a marked
reduction in Sphagnumcover, 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 Sphagnummosses to recolonise bare organic soils after fire or mechanical
disturbance. Water tablesaar the soil surface are critical in allowiSghagnunio re-establish after
wildfire (Lukenbach et al. 2015; Chimner et al. 2017). Another important facto6ptiagnum
regeneration is shade, which protects agaihggh ultraviolet light levels, high temperatures and
desiccation (Good et al. 20100)his shade effect was apparent in the Australian Alps, wBphagnum
regenerated fastest where there was freganding water and shade fromire plants such a€arex

and Empodismaspecies. Such observationglicate there is potential to intervene to accelerate the

natural recovery of firaffectedSphagnuntommunities.

16
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At the time of the 2003 fires, little was known abdhbe restoration ofSphagnummires in Australia,
becausdires have been historically infrequent, and there has been |i€lat mining Most studies of
Sphagnunrestoration ecology have been conducted in the Northern Hemisphauethese 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 theSphagnummire restoration approaches developed in the the northern
hemisphere toAustralia, especially as Australi@phagnuntommunities are comparatively small and
occur in fragile, remotealpine environments typically accessible only on foot or by helicopter.
Therefore, Australian approaches developed after the 2003 fires involved direatments including
various combinations of shading, rewetting, and transplantation of he&gtagnunblocks into fire
affected hummockgWhinam et al. 2010)The recovery oSphagnunobserved in these trials was
slow and complex, but some interventions, particularly shading and combined transplant and fertiliser

treatments, doubled recovery rates duritige four years postire.

In Tasmania, the damage caused3phagnummires by the 2016 fires, and the likelihood of more
frequent fires in the future, provided an impetus to develop methodsptomote recovery and
restoration of firedamaged Sphagnumcommunities 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
shackecloth, fertiliser andSphagnuntransplant treatments on the cover of healthy, damaged and
killed Sphagnum(Nichols et al. 2022; Prior et.&1022. We targeted eight environmentally similar
mires, six of which were burnt in the 2016 wildfir@sg. 2.2).

Trial Objectives
The specific objectives of this trial were to:

i.  Monitor the change in cover of healthy, damaged and kigthagnumin mires burnt in the
2016 Lake Mackenzie fires, and in two unbumites.
ii.  Testwhether recovery @phagnumn moderately and severely burnt experimental quadrats
was improved by applying shadecloth, fertiliser or transplanting he&tyagnum
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

17
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2.2 Geographic context

Tasmanian
Wilderness World
Heritage Area

\ g >

Fig.2.2. Location of the six burnt and two unburmtires used as study sites in the Lake MackeBSgkagnum
restoration trials. The 2016 Lake Mackenzie fire footprint is shown in pink,mifgs shown in green and the
black line indicating the boundary of the TWWHA. The small map shovesLitig 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 Tasmarfig. 2.2) The area was exceptionally dry at the time of the fire, but near
record rain fell during the following winter (F&.3). Precipitation was close to average in the lead up

to establishing the first quadrats in autumn 2018t 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 of2020 after the last set of quadrats were established, as wethassummer of 2021/22,
immediately before the final surveyhe summer of 2021/22 was also very much hotter than average

across Tasmania (FRy4), 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 lortgrm averages (blue dashed lines) between January 2015 and May
2022. The ticks indicate the start of the yeart&lthe precipitation deficiencies immediately before the fire (red
arrow) and again in late 2019 and spring of 2020. Green arrows indicate establishnsgftagfnunstudy plots

and the black arrow, final measurements. Precipitation data from Hydro Tasmania
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Fig.2.4. Mean temperature deciles for Tasmania in January 2022, showingreeard high temperatures in our
study region, and maximum temperature deciles for summer of 2021/22, showing temperatures were very much
above average (Decile 10). Fr@uareau of Meteorology (2022)

2.3 Study sites

Six burnt and two unburnbphagnunmires were selected as study sité§g. 2.5)based on imagery
collected using a fixediing manned aircraft. The extent &phagnuncover and the area burnt in
eachmire were then evaluated using high resolution imagery acquired from accuped aerial
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Fig. 25. Photos illustrating (a) unburmhire;
(b) burnt landscape surrounding Parsons E
mire; ()& (d) heterogeneity dsphagnum
and other vegetation at Eagle Valleyre.
Note the fringe of healthyphagnunat the
edge of the pools; (e) quadrats at Parsons
East and (fJacks Lagoon; (g) establishing
quadrats at the Fire Edge site. (Image crec
Scott Nichols, except (¢) and (d) Lynda Pris
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vehicle (UAV)Harding et al. 2022). The UAV imagery capturedSplagnumpatches within a
contiguous area of thenire, andincluded a narrow buffer of neBphagnunvegetation (> 1 m). Next,

a geographic information system was used to create a polygon to define the perimeter ofitbe
following vegetation boundaries where possible (nhoting this boundary sometimes arbitrarily
segmented homogeneous tracts of n@phagnumvegetation) and ensuring that aBphagnum
patches apparent on the imagery were included. Analysis of the mapping based on the UAV imagery
showed that 2684% of the area of the six burmtires had been covereith Sphagnunbefore the fire,

and that more than 90% of thephagnuntover had been burned by the 2019 fire (Ridy Table2.1;
Table2.2). The unburnednires had approximately 10% (Unburnt 1) and 5% (Unbur@pgtjagnum

cover.

Gunn Lagoon

=
||||||

Fire Edge Heath Central Parsons East

Classification

Il Burnt Sphagnum
[ unburnt Sphagnum
[C71 Burnt Other
Unburnt Other
Water

Fig.2.6. UAV images of each burnt mire showing areas classed as 8phatgynumunburntSphagnumburnt
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 burf@phagnumThis showed that 89.5% of quadrats were in
vegetation that was correctly classifiethspection of the maps showed that the 10.5% of points
incorrectly classified were located very close to areas classed aspimagnumand the discrepancy

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

and possibly to slight inaccuracies in the hdmedd GPS.
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Table 2.1. Summary of the eighSphagnummires used as study sites in the Lake Mackergiagnum
restoration trials. All sites had a slope of <2% and a seasterly aspect. Trial dates, and the number of
guadrats at each site, are also shown. The cover of burnt and unBptegnurmrand other vegetation and free
water in the whole of eacmire was assessed using UAV imagé&tig.(26). This is unlike the other cover values
presented in this report, which are based on the study quadrats, and were poditibmestratify our
experimental design, rather than randomly sample thi#zes. Geocoordinates of individual quadrats are in the
data repository.

Site Eagle Fire Gun Heath Jacks Parsons Unburnt Unburnt
Valley Edge Lagoon Central Lagoon East 1 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

83.1 534 19.8 77.2 39.5 36.9 NA NA
Sphagnum
Unburnt 0.8 1 0 2.4 05 1.1 NA NA
Sphagnum
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 34 2.8 NA NA
Trial summary
Number of 84 84 84 84 84 84 20 20

quadrats

Establishment  Mar-19 Oct19 Feb20 Aprl9 Nowl9 Mar-19 Mar20 Mar-20
Date

Remeasurement Feb22  Mar-22 Mar-22 Feb22 Mar22 Feb22 Mar-22 Feb22
Date

Summer

growing seasons
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Table2.2. Validation of mapping of burmires using experimental quadrats

Mapping classification Number of quadrats Relative frequency (%)
BurntSphagnum 433 89.5

Burnt other 47 9.7

Free water 4 0.8
UnburntSphagnum 0 0

Unburnt other 0 0

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 Mack&uael (E448431, S5385756). Key
geospatial attributes of the study sites and survey dates are summarised in Z.abla detailed
description of eacimire is given inPAppendix lof the Sphagnunistablishment 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 severfiyisually assessed a9%Sphagnundamaged or
killed, but<75% killedpr high severityp x T p:’3in dadh bfth& SRxburneahires (Fig. 2.6)We also
applied four of these treatments to quadrats in the two unbumites. Examples of health$phagnum

in unburnt quadrats, damage8phagnumin moderate severity quadrats and kill&@phagnumin
severely burnjuadrats are shown iRig. 27. At each burnimire, seven replicates of six treatments
were assigned to quadrats in areas burnt at low and high severity (Z&)ld hus, at each burmtire

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 unbumesd. These were located
haphazardly, but at least 5 m distant from any neighbouring quadratapy{died five replicates of

four treatments to quarats in both unburntnires.In total, 544 permanent quadrats were established

to assess the initial vegetation cover in the varimises and severity classes, and measure how it
changed with time. Our focus was on tBphagnumbut we also measurecbver of other vegetation

such as other mosses, ferns, grasses and shiddde 3 and Appendix 2 of tlestablishment report

by Nichols et al2022 Prior et al. 202p

23



TWWHA Bushfire Recovery: Lake Mackenzie Rehabilitation Fiizds Report

Fig. 2.7Examples of health$phagnunin unburnt quadrats (top row), damag&phagnunin moderately burni
quadrats (middle roywandkilled Sphagnumn severely burnt quadrats (bottom row). These also illustrate
diversity of vegetation at the study sitqdémage creds. Scott Nichols)
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Table2.3: Study design showing the total number of study quadrats according to treatments and burn classes
(shaded treatments shown in grey).

Burn Control Fertiliser Transplant Shade Shade & Shade & TOTAL

Class & Fertiliser Transplant
Fertiliser & Fertiliser

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,imgosed the
experimental treatments, which consisted of various combinations of three interventions: $Rayle

2.8 a) fertiliser and transplantgFig. 2.8 b,c); more details are givenAippendix 1of Nichols et al.
(2022 and Prior et al. (2092These have been shown to promote pdise recovery ofSphagnunin

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 (Tat3g 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 recei8ipigagnuniransplantsbecause of the

likely adverse effects on donor sitéBig. 2.8 d) Therefore, we did not transplar@phagnuminto
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, @nitted 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 TabR3 and full details, including shaesuare design and installation technique

are given imppendix 1of Nichols et al(2022).
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Fig.2.8. (a) Shadeclotlsquares; (b, c) Healthy transplant&phagnum (d) example of a donor siténfage
credits.Scott Nichols)

2.6 Data Analysis

We investigated differences in initial cover phagnumand other vegetation in relation to burn

severity class and site using Excel and the statistical softwéiReGore Team 2@ Our statistical

approach uses generalised linear modelling, rmaltidel inference and model selection based on
'1FA1SQa AYTF2NXIFGA2Y ONRGSNA2Y 6! L/ 03X 6KAOK oI 1
2001). This approach has important advagea 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 coverSphagnumand other vegetation, between establishment of
qguadrats 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 plaase referto Prior et al. (2022).
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2.7 Results
Initial vegetation cover of study quadrats

Total Sphagnuntover in individual study quadrats ranged fromI@% (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% healtBghagnumcover (Fig2.9a). By comparison, severely burnt
guadrats averaged 97% killed, 0.6% damaged and 0.05% h&altiagnuncover.

Initial Final
100, 1100 7 | mmm Healthy
[ Damaged
[ Killed
Q\O, 80 4 80 R
o
8 60 41 60 B
(&)
e
2
o 40 1 40} -
5]
e
o
(%9}
20 4 20 B
0 0
Unburnt Moderate Severe Unburnt Moderate Severe
Burn class Burn class

Fig.2.9. (a) Cover of healthy, damaged and killsghagnumin 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 dangedynurmbetween unburnt and
moderately burnt quadrats.

Restionaceae and grasses were major vegetation types acrossmirest and other bryophytes and

herbs were important at several (Tal2e4). No threatened species were observed, and there were
few, if any, introduced species. In two quadrats we obse&edeciglants 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 t8phagnunwas that burnt quadrats had very

little cover ofRicheaor other shrubs (Tabl2.4). Most other cover variables varied more according to
sites than with burning. The most striking difference in vegetation compaosition amongst the sites was
that Gleicheniaover 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, whilpelsatpines were

also found at Fire Edge.
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Table2.4. Initial cover ofSphagnunand other vegetation at all eigimires. (i) Average initial cover of the thr&phagnum
health classes (ii) other cover variables and (iii) countgeotil pines and scats in the study quadrag&phagnuncover
variables were most closely related to quadrat Burn Class. Shrub coveRisb#eand 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 unrelabeidning). See Prior et al.
(2022) for statisticadletails

Eagle Gun Heath Jacks Parsons Unburnt Unburnt
Valley Fire Edge Lagoon Central Lagoon East 1 2

() Sphagnuntover 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 irstudy quadrats (%)
Richea 0.02 0 0.01 0 0 0 1.4 29
Shrubs other 0.2 0.1 0.6 0.7 04 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 55 54 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 21 0 0.2
Athrotaxisfoliage 4.0 1.8 0 0 0.1 0 0 0.3

(iii) Counts ofpencilpinestrees and scats
Livepencilpines 0.1 0 0 0 0 0 0 0.1
Deadpencilpines 2.0 29 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 irsphagnuntover between initial and final assessments

Without any intervention, there were substantial changeSphagnunhealth between the initial and

final measurements. The changes were largest in the moderately burnt quadrats, where most
damagedSphagnuneither died or recovered between the initial and final assessmédfits £9). By
contrast, there was little change Bphagnurhealth in the severely burnt control quadrats because,

by design, most of th&phagnhunwas already dead when these quadrats were established, and very
little recovery occurredin unburnt quadrats albphagnunwas initially healthy, but 6% was classed

as damaged in the final assessment.

Burn Class strongly influenced the chang&jihagnuntover, but Treatments and their interaction
with Burn Class were also important (FJLO; Fig.2.11). As for the untreated quadrats, overall
changes were largest in moderately burnt quadrats. Shade was very benefi€ph&gnumrhealth
(Fig.2.10, Fig2.11; Fig2.12). The three treatments that included shade (on its own, or in combination
with fertiliser or fertiliser and transplants) all had substantially higher cover of heGphggnumand
lower cover of killedSphagnumthan the corresponding tements without shade, especially in the
moderate Burn Class. On average, in moderately burnt quadrats, the change in ISgdilgnunwas
14% higher, and deaphagnunml6% lower, in quadrats with shadecloth than those without it (Fig.
2.12).

A
i
S

Fig. 2.10The striking difference shadecloth madeSphagnunmrecovery is shown in this quadrat at Eagle Valley
(Image creditScott Nichols)
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By contrast, fertiliser was detrimental &phagnunhealth, with significant or neasignificant declines

in cover of healthysphagnumand increases in killesphagnuniFig.2.11; Fig.2.12). In unburnt and
moderately burnt areas, health$phagnuncover declined about 10% more in fertilised compared
with unfertilised quadrats (Fig.11; Fig.2.12). There was little benefit of transplanting healthy
Sphagnuninto the moderately burnt quadrats, but in the severely burnt quadrats, transplanting led
to a small(2.5%) increase in the cover of heal®yghagnumand a decrease (5%) in killB@ghagnum
(Fig.2.12). Note that the gain in health$phagnunmwas much less than the 16% of the area filled by

the transplantedSphagnum

Burn Class No shade Shadecloth
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Fig.2.11. Cover of healthy, damaged and kill8Bghagnunat 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 transplargpl@rarquadrats
received 16% cover of healti8phagnumbut little survived.
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Fig.2.12. Change in cover of healthy, damaged and ki8gthagnumin 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. Eneejpit 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. € 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 (Fi@.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 Gleicheniavere 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

guadrats. Naother vegetation type was advantaged by fertiliser.
2.8 Discussion

Our field experiment has shown th&phagnummires in Tasmania recover very slowly after fire,
especially if they are severely burnt. Natural recovery depends on the presence of some surviving
Sphagnumand we showed the rate of recovery can be increased by providing shade. These findings
are consistent with previous understanding of the ecology and restoratioBpbfagnummires.
However, unlike in trials in the Australian Aldsrtiliser appeared to be harmful t&phagnum
Another point of difference withthe Australian Alps trials is that we had limited success with
transplanting healthysphagnuninto burnt areasBased orour findings, we make recommendations

for Sphagnunrestoration interventionsn Tasmanian sublpine areasand discuss their constraints.

Like other mossesSphagnumnspecies 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 showingSpaagnunrecovers from

living fragments that survived the fire, with limited recovery when cover is below MEBdugall

2007, Clarkson et al. 2017). Without surviviBighagnumthere is no vegetative recovery and eventual
return of Sphagnuntover depends upon recolonisation from spores (Johnson 2001; McDougall 2007).
Typical of many growth processes, others have found-postecovery is very slow initially, but it
accelerates until full cover is regained (Johnson 2001; McDougall et &). Bilsed 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 restoiat effort.

A clear result of our experiment is that shade can increase the rate ofippsecovery ofSphagnum
aligning with studies elsewhef&ood et al. 2010; GrahdRochefort 2010; Whinam et al. 2010). We
found that shading also benefiggowth of plants such aRestionaceae, grasses, herbs &@ldichenia

Whether these will act as competitors or serve as nurse cropSgbagnums unknown. Additionally,
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increased grasand shrubcover could elevate fire riskdplz et al. 2015Prior et al. 2017Bowman et

al. 2019.

Based on this experiment, we can recommend using shadecloth in restoration programs. Shadecloth
also promoted the recovery oBphagnummires 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 nPquadrats, but in the Australian Alps it was rolled out pfirgt in 20 m lengths to cover a total

of 6000 nt (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 slthdeeas 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 whethewitwsd affect the longerm
persistence of Sphagnumis unclear, noting unburnt TasmaniaBphagnum mires have a
characteristically weltleveloped shrub layer, which provides some natural protection agdinstt

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 avoidntaminating the TWWHA study sites with degraded

shade material. Retaining the shadecloth for longer could continue to &sistgnunio recover.

The very slow natural recovery in fikdled Sphagnunpatches is a strong argument for transplanting
Sphagnuman approach that was very effective the Australian Alps (Whinam et al. 2010). However,
we found that transplants did not substantially accelerate gostrecovery. When peat is severely
burnt, there can be changes in water holding capacity and repgllesoil chemistry and microbiota,

as well as microtopographic changes, all of which are likely to imppHagnunrecovery. Glasshouse
trials wauld 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 dphagnuntould make it difficult to find enough donor material at the large
scale necessary after extensive wildfire. Mipropagation could offer an alternative source of

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

The detrimental effect of fertiliser o&phagnunfound 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
postfire Sphagnunrecovery 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 $ipliagnum A
positive effect of phosphorus c8phagnumand other wetland species has been reported in North

America (Rocheft et al. 2003). By contrast, a large metnalysis foundhigh nitrogen loading
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depressesSphagnunproduction 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 cotetilbo the damage to
Sphagnumwe observed in some unburnt quadrats and fertilised quadrats. Further work is required
on dosages, composition and timing of fertiliser applicatitmsletermine if nutrient additions can

improveSphagnunrecovery.

In this study, because of permitting and funding constraints, treatments were applied three to four
years after the fire, compared with theI® months in the Australian Alps study (Whinam et al. 2010).

It is possible that application of shadecloth immeeig after a fire could have been even more
beneficial than we found here, by both reducing delayed mortality and accelerating recovery of
damagedSphagnum The delay in applying treatments could also have reduced the success of the
transplants, through hgrological or other effects (Lukenbadt 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 sewerity should be mapped as soon as possible after fire (Harding et al. 2022), to identify
moderately burntSphagnumareas, which are most likely to respond to treatments. The optimal
timing of interventions needs investigation, but we consider early intetiees are likely to be most

successful.

Importantly, Sphagnunmires will be affected by climate change and the associated increases in fire
frequency (Harris et al. 2018). Climate change not only threatens hegtthggnunmires, but also

affects postfire recovery of burnednires, which takes decades because of the slow dispersal and
growth of the moss. Unfortunately, it is likely that ndarm future climates are going to be less
favourable forSphagnungrowth, with conditions being hot, drier and more fire prone. As in most of

the world, tenperatures in Tasmania are already rising, and are projected to rise by 1.6 to 2.9 °C during
the 225 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 followigigining storms, and the area

burnt by these fires have increased since the year 2000, with these increases attributed to more
lightning strikes occurrinigy dry conditions (Styger et al. 2018). Itis also possible thratras 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 especialitical for Australasian peatlands, given they are already near
their climatic limits (Whinam et al. 2003; French et al. 2016). Therefore, potential hydrological

interventions to aidhe longerterm survival ofSphagnummires 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
Sphagnur® 2 KAt S Y2aid SldA LISyl ¢ a4 NBY2OSR FT2ff206Ay
Technical Committee, the quadrats at fiveres are still marked by two short inner pegs and a cattle

tag to allow future monitoring c§phagnunhealth. 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 yéarsfurther detail regarding the

resurvey, seé\ppendix lof Nichols et al(2022).

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 damagedSphagnumfrom drought stress or high ultraviolet light levels. This will also reduce
establishment and growth of competing species beforeSiphagnunis treated. Trials should also be

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

Further research into the potential to uSphagnuniransplants 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. Micropropagati@pbagnum

should also be considered, to minimise the harves$phagnunirom 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 beneficfat Sohagnum and (iii) micropropagation

techniques and their success in relation to soil water availability.
Management responses to futufiees

We have prepared a decision support tool to assist managers respond in the future Sphagnum
mires are damaged by fifsee Chapter). We stresghe importanceof rapid assessment of damaged

areas, and prompt application of shadeclothSphagnundamaged by moderate severity fire.
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TWWHAB. Pencil Pine Resunvey

Background

Pencilpine (Athrotaxiscupressoidéds a verylonglived (>1000years),slow growing,palaeoendemic
Tasmaniarconifer (Allenet al. 2011;0gden1978).Palaeoendemiplantsare ancient,geographically
restricted speciesthat typically persistin small refugia in constantly moist areas with equable
temperaturesandfew or no fires (Jordanret al. 2016).Vulnerabilityto fire appearskeyto the ecology
of Tasmanianpalaeoendemicspecies,so understandinghow they respondto fire is essentialin
predictinghow their populationswill fare asclimate changeleadsto more frequentand more severe
fire, and of mitigatingits impact.

Thevulnerabilityof pencilpinesto fire isdemonstratedby the fact that extensivefires duringthe dry
summerof 1960/61 eliminated it from about 10%o0f its entire range (Corbett 1996; Johnsonand
MarsderrSmedley2002; Holz et al. 2015). Consistentwith this, a large-scalegeographicsurveyof
pencil pine populationsacrossTasmaniafound that burnt areashad fewer live trees and fewer
juvenilesthan areaswith no evidenceof fire (Bowmanet al. 2019).Earlyassessmentf fire damageis
important in restoringvulnerableplant populations.However substantiaffire-inducedtree mortality
cancontinuefor three or more yearspost fire, and canevenexceedthe initial mortality during the
first growingseasorpostfire (Stephensand Finney2002; McHughand Kolb2003, Thieset al. 2006).
Delayedmortality would makeit difficult to evaluatefire effectsimmediatelyafter afire, but we do

not know if thisisa problemfor pencilpine.

The2016LakeMackenzieComplexiresburnt almost14,000haof subalpinevegetationincluding141
ha of pencil pine forest (Bowmanet al. 2019; Bowmanet al. 2021) (Fig.3.1). A surveyof the fire-
affectedpencilpine populationsin 2017foundthat 68%o0f stemswerekilled by the fire, andjuveniles
were presentaroundonly 9%of burnt trees(Bliss2017;Bowmanet al. 2019).Many of the treesthat
were still alivewere severelydamagedwith most of the canopyscorchedand dead. Fundingfor the
LakeMackenzieRehabilitationT rialsallowedusto reassesshesepencilpine populationsin 2020and
guantifyanydelayedpostfire mortality that hadoccurredbetween2017and2020.Wewerealsoable

to relate the statusof the stemsin 2020to the canopydamageevidentthree yearsearlier.

1This work has been publishedRitiss A, Prior LD, Bowman D (2021) Lack of reliablefippsecovery mechanisms makes
the iconic Tasmanian conif@throtaxis cupressoidesisceptible to population declindustralian Journal of Botar§9, 162-
173.
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The aim of this study wasto evaluatethe reliability of assessmentsf fire impactson pencil pine
populationsmadeoneyearpostfire. In particular,we quantifieddelayedmortality occurringbetween
one andfour yearspostfire, and attempted to determinewhether the ultimate fate of stemscould
be predicted from measurementsof canopy damage made one year postfire. In addition, we
guantifiedresproutingandjuvenile presencefour yearsafter the fire. Forfull details,refer to Blisset

al. (2021).
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Fig.3.1. (A) TheTasmaniarwildernessWorld HeritageArea(yellow)andlocation of the 2016fires (red) within
this Area.(B) Locationof the pencilpine surveyplots (greencircles)at three siteso W { & NBH NS Hind)
W{ 2 dz# HoQHe north-east,north and south-west of LakeMackenzieyespectively)within the 2016 Mersey
Complextire footprint (in red), in the north of the TasmaniafwWildernessWorld HeritageArea.

Study species

Pencilpinerangesfrom tall (30m) treesin shelteredhabitatsto dwarfed(<5m)treesin exposedsites.
It is extremelyfrost tolerant, though shadeintolerant and regardedassensitiveto all but the lowest
intensity fires (Cullenand Kirkpatrick1988s; Holzet al. 2015). Athrotaxiscupressoidesasa limited
capacityto disperseby seed,and sexualregenerationappearslesscommonthan clonalgrowth via
production of ramets (Worth et al. 2016).1t is difficult to distinguishindividual plants, becauseon
average about 60%o0f stems(ramets)are clonal andare often aggregatedn clustersthat arisefrom
the samegenet.Somegenetscanproducemultiple clustersup to 38 m apart,interspersedwith stems

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

In a related, earlier project, field observationsof fire damageto pencil pine, physicalsite attributes
and juvenile presencewere madein autumn of 2017,12-13 months after the Mersey ComplexFire
(Blis2017;Bowmanet al. 2019) Atthree sitesnearLakeMackenzieatotal of 300plotswere chosen
within the fire-boundaryto samplemostof the accessiblgencilpine populationsburnt. Anadditional
20 plotswere locatedin adjacentunburntareas.Twoof the three siteso6 W{ @ NBr#Q{ CCNEH( QU
were on screeslopesandthe third 6 W{ 2 @&d@sin aflat, boggydepressiorsurroundedby rocky
slopescoveredin low Eucalyptusocciferawoodlandand subalpineshrubs.At eachsite a systematic
sweepof the pencilpine populationwasconducted,usingadjacentlOm radiuscircularplots. Within
eachplot, measurementsvere madeon up to 10 clustersof stems.We estimatedthe percentageof
the canopyscorched(browning of leaves,but no leaf massconsumed)and the percentageof the
canopyconsumedFig.3.2). We assessewhetherstemswere W  Jo@HR(EBasedon the presence
or absenceof any greenfoliage.We alsomeasuredminimum diameterof burnt twigs, a measureof
fire severity(moreseverefiresconsumea greaterproportion of biomassandhencelargertwigs,than
lessseverefires).

In the current study, we resurveyedthe trees in Februaryand March 2020,to examinedelayed
mortality of stems,and to relate postfire mortality to measurementsof canopydamageand fire
intensitymadein 2017. SeeBlisset al. (2021)for full details.

3.2Dataanalyses

Ourdataanalyticaimethodsare describedn full in Blisset al. (2021).Briefly,our approachwasto use
generalisedinear modelling and model selectionbasedon Akaike® Information Criterion, which
balancesmodel simplicitywith model bias.Our analysedocusedon the burnt plots, with the small
number of unburnt plots servingas controlsto checkfor mortality unrelatedto the 2016fire. Stem
survivalin 2020wasanalysedn relation to three measureof fire severityrecordedin 2017for each
tree: percentagecanopyscorched percentagecanopyconsumedand the minimumtwig diameterof
burnt shrubsaroundthe tree. We comparedoverallstem survival,and continuedsurvivalto 2020 0f
the 2017 survivors We alsotested whether stem size(diameterat breastheight) wasimportant for

survival.
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Fig.3.2. Observationgrom within the 2016fire perimeterin the LakeMackenzieregion. Variationsin severityof canopy
damagein pencil pines (a) no canopydamage(b) entire canopyscorched(c) complete canopydefoliation. A burnt pencil
pine (d) soonafter the firesin 2016;(e) one-yearpostfire, in 2017;and (f) four yearspostfire, in February2020.Note the
further lossof foliagenearthe top of the canopy (g), (h) 2020field observationdound resproutingin somestemsthat were
partially burnt in 2016. (i) Juvenileswere found within the burnt perimeterin both 2017 and 2020. (j) 2020 was a mast
seedingyear,with prolific coneson manytrees. (k) Pencilpine W & dzNJ2tvee3 RitNifi tkeJire perimeterthat were unburnt.
Note the landscapdeaturesassociatedvith the unburnttrees, specificalljthe absenceof shrubs(l) Firescaron pencilpine
stem.Imagecredits (d) RobBlakersall othersby AimeeBliss
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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% ovsuallival of stems of trees with 609%

canopy scorch in 2017 (Fig-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 aéivin 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.
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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 becaugdosver 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 lpeiefil 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 201&fexceeded the firdolerance 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 pgrsrorched (Fig.4).
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Fig. 34. 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 importarggictors 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 scorches 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 thedse of these trees in 2020 (4 years after the fire).
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We found the stems of most mulstemmed trees shared the same status (either all alive or all dead),
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11% of multi stemmed trees had both live and dead st®, 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 treasvehile presence in both years was negatively

correlated with all three fire severity measures (B).

Juvenile presence (% trees)

0

20 40 60 80

Canopy scorched (%)

100

(b)

0

i H‘O

0

Jﬂ . °
Il Il L
0 20 40 60 80

Canopy consumed (%)

100 0

\I_‘IH\
2 4

6

Twig diameter (mm)

8

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, observationgm& 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 fewpencil 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 firenilca

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 i2017 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 betg@en 1

cmtall, 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 oneestblished 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 stresbath. 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

persistentrainfall deficits

The paucity of juveniles in populations damaged by severe fire is particularly problematic because
pencilpine does not produce a loAied 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 orpencilpine populations can be made 1 year pdist, given that 97% of the-flear 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 beigdritWe recommend visiting
populations affected by the fire and visually estimating the percentage crown volume scorched, which
wasthebestprBA OG 2N 2F | &aGSyQa FILdiSed LRSIfte £t GNBS;
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 cas@mmsumption 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 thapencilpine 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. Usinimtensityfire 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 6ee PosFire Restoration of Tasmanian Pencil Pines Decision Support Tool, 2022, Chapter
7.
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4. Pencil Pine Interventién

Background

Anthropogenic climate change is already affecting species and ecosystems across the globe, including
gAOGKAY GKS SI NIKQa (Peletal 2015;¥Sehaffers et 3. ROFGnhdnyrspdcidkl | a
and ecosystems, the establishment of protected areas alone is insufficient to mitigate anthropogenic
impacts(GaitanEspitiaand Hobday 2021; Hannah 2008; Heywood 20X a result, managers are
increasingly challenged to consider more active conservation interventions, both to restore
ecosystems and prvent species declines in the face of ongoing environmental chi@meman et al.

2017; Probeet 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 disturbanc€Klaus et al. 2018 manipulating hydrologyDe
Stevenet al. 2006) changing fire regimefykeet al. 2010)or reducing the impacts of herbivores
(Ibanezand Hart 2020) Additionally, introduction of propagules or plant material has been used to
conserve many imperilled ght speciegDalrympleet al. 2012) Such introductions can be used to
increase the number of individuals or genetic diversity in wild plant populafihrsaitiand Sorensen

2007; Liet al.2012) to reintroduce a species where it has been lost within its historic ré@ggoni

et al.2013; Godefroid et al. 20119r to create new populations where a species has not previously
existed(Mengeset al.2016)

There is a growing body of knowledge on interventions to conserve plant species, including those that
manipulate disturbance regimeSor exampleherbivory, a key ecological disturbance, can be reduced

by controlling herbivore number@banezand Hart 2020)(Beltran et al. 2014)or by using physical
barriers, which may range from lar@enced areagLoriteet al.2021) to small fenced exclosures or

tree guardgNilar 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
(HollandAide 2011)However, they are only possible where a natural seedbank or other regeneration

source exists, and may be slower than more active interveni{idabawiet al.2014)

2 This section summarises a chapter of a thesis being prepared by Ben FrenchFrench, BJ (in preparatioir) situ
conservation of the pencil pinéthrotaxis cupressoidgsinder a changing climate; apstA NB NB a2 N} GA 2y GNAI
Central Plateau. PhD Thesis Chapter, University of Tasmania.
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Alternatively, new plant material may be introduced by transplantingowing seed directly into the

field (Grossnickland L @S G A 6 H ansl ltalirande I2015)A convenient feature of the direct
sowing approach is that it can draw en situseed 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 debmtensisforests(Bassettet 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 fiel(PalmaandLaurance 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 199Zahawi and Holl 2009%ourced from different genetic provenances
(Bailey et al. 2021apr which are of different ages at the time of planti®jles et al. 2010Where

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. 199Cox et al. 2004pr areas with more shad&liandrimanana et al. 2019)
depending on the light requirements of the target species. Simjlasfyography can play a key role,

by modulating the occurrence of fro@tlarquis et al. 2021 drought stress and waterloggiBaulings

et al. 2007 Engelbrecht and Kursar 2008Jowever, ild 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 firgcale field surveys and population maming (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 spees. Here, we describe a trial of intervention methods to restore fire
damaged populations of pencil pinatlirotaxis cupressoid@sThis study is informed by the body of
existing research on the ecology, genetics, ecophysiology and biogeography of the species, which is

briefly outlined below. SeAppendix 1 oFrench (2022or more details
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Pencil pine stands

t SYOAf LIAYS A& I LI fS2SyRSYAO O2yATFSN) aLISOASa
mountains; cold, wet areas which have acted as historic fire refi@gmlen, 1978)In these areas

Pencil pines can occur as isolated individuals, but often they form large stdrate they are the
dominant tree (Ogden, 1978)These stands differ markedly from surrounding forest types more
typical of the dominant Australian vegetatigBowmanet al.2021) and are considered Gondwanan
relicts (Harris et al. @18) becauseAthrotaxisis a ~145 million year old lineadgleat predates the
breakup of the Gondwanan superconting@ordanet al. 2016) Pencil pines rarely exceed 20 m in
height at maturity, andare mostly much smaller. Dendrochronological studies show growth rates in
natural settings are very slof@unwiddieandLa Marche Jt980), andthat pencil pines are often very

old despite their small siz€ullenand Kirkpatrick 1988). 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
FG F aAdsS Ay (0gdendl¥7B)EenetiQsiudiés hals rvealed that there is low genetic
RADGSNREAGE | OB with paktiSulary Ios GverSity i areas with visible evidence of
burning; a pattern that suggests fires will continue to erode the genetic structure of the s@kieth

et al. 2017)

Pencil pines are easily killed by burn{Rgior, Frenchand Bowman, 2018jBowmanet al.2019) but

it is a lack of posfire recruitment, rather than extreme fire sensitivity, which leaves pencil pines
especially vulnerable to changing fire regim@iisset al. 2021) Despite the prevalence of root
suckering, Pencil pines do not basallsprout after burning, and they very rarely resprout from shoot
(Bowman et al. 201Blisset al. 2021). They also have no fresistant seedbank, and hence lack the
postfire pulse of seedling recruitment common in many fresprouting Australian tree@riorand
Bowman 202Q)As a result, pencil pines can be driven locally extinct from even a single severe fire
event(Bowman et al. 2019)n the past, natural regeneration of killed stands after fire has apparently
occurred through gradual reolonisation from neighbouring areas, although the species short
dispersal range and slow growth rates mean this process is very(GloVenand Kirkpatrick 1988;
Fletcheret al. 2018; Mariani et al. 2009 However, as we discuss below, recently burnt stands are
extremely unlikely to recover naturally in the modern climé&etcher et al. 2018)particularly given

there has been a widespread failure of natural recruitment of pencil pines in recent decades in the
I SYGNXrf tf€F0dSFkdzZ 6KAOK T2 N) a(Bliskefal. 2@2NFullear (G K S
Kirkpatrick 198B; Holzet al.2015)
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The causes of pencil pine recruitment failure in the Central Plateau are not well unde(Bmecthan

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 tobrowsing (Cullemnd Kirkpatrickl988a; Holz et al. 2015However, there is also evidence of
other contributing factors. For example, a recent study reported pencil pine stands on isiamdall
lakeshad fewer seedlings than adjacent mainland stands despite much lower herbivore presence on
the islands- a findingthat suggests bottorrup constraints may be also be an important filter on

seedling recruitmen{Bowman et al. 2019)

Pencil pines are recognised as being under threat from anthropogenic climate cfidagis et al.
2018)due to both its direct effectgMariani et al. 2019)and the associated increase in severe fire
weather and dry lightning ignitions, which are increasingly exposing pencil pines to b{Boimman

et al. 2021; Stygest 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 (Mamani et al.

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

due to climate changéBergstrom et al. 2021; Harris et al. 2018)

Trial Objectives

This primary goal of this trial was to identify bgsactice methods for restoring burnt pencil pine
(Athrotaxis cupressoidg¢stands.The first resurvey of this longerm 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 herbivares
ii) direct sowing, and

i) transplanting.

For transplanting interventionsye aimed to:

2. Assess whether establishment is sensitive to:

i) Whethertype oftube stock(i.e.propagated from seed or cuttinis
1)) 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 planteryironmentsat 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 restocd pines.

8. Better understand the factors that constrain natupgncilpine recruitment.

4.1 Study area

Field trials were established at five sites around Lake Mackenzie-{2lIBDm above sea level) near
thenorthg S&0G GALI 2F ¢lFaYlFyAlQa /SyaNr € t€FGSEdzT | f
GKS O2NB 2F GKS LISy OA fThe tlingtSanad geddfaphioal dontektlnas Begn 6 CA 3

previously described in Chapter 1.1 of this report.

4.2 Fire History

Two fire events in the Lake Mackenzie area damagegéneil pine stands targeted in this trial.
The 1960 fires

In the unusually dry summer of 1961, intentionally lit fires swept across 60% of the Central Plateau,
AyOfdzZRAY3 LI NI 2F 2dzNJ adGdzRé I NBFd ¢KSasS NS 02y
¢22 11 &AyYy OSJohrsdh and ddarsdeBenddlley 2002)This single fire season is estimated

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

evidence of recoverfHolz et al. 2015)

The 2016 fires

After many firefree 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 V&lleyplex 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 @ommanet al. 2021)

The los 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 florgHarris et al. 2018; Styget al.2018) This threat was further highlighted by fires in
2018 which affected pencil pine stands in the south of the TW\(Bévmanet al.2022)

(@ (o) PR SNg
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Lake Bay
Bay
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- Aii2om)

z N o
e P Unbumt ¢ 4 :

Fig 4.1. Geographic context of the trial, which explored restoration techniquegéurcil pinestands damaged

by fire in 2016 and 196Qa) Map of Western Tasmania showing the global rangeen€ilpines (yellow points

are observations from the Natural Values Atlas), footprints of fires which have pentil 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 site€ntil pine at the site Unburnt

{2dziK 6KAOK gSNB {AffSR Ay (K Sinesdiche St&inefBodNEhich werzy 6 dzNJ/
killed in the 2016 fires.
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4.3 Site selection

Five sites containing firkilled pencilpines were selected and a number of plots (ranging from 262 to
290) were established within each site (Tadlk). Three sites were burnt by the 2016 fires (recently
burnt hereafter) and two were outside the 2016 fire boundary but contained gesamtil 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 vegetatien of th
Lake Mackenzie area and achieved geographic spread. Sites had no boundaries; rather, a cache of
materials was droppedby helicopterat 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 withineach sit
Only positions within 5 m of an existipgncil pine stem (including live trees, dead trees and dead
fallen dead trunksyvere 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 seedlingsups of seedlings, around
which tree guards could be constructeéd situ- these positions were targeted for the natural
germinant interventions.

Table4.1. Tally ofplots establishedat the five study sitesthree of which were burnby the 2016 firs (recently

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

by tree guards(caged) and halfvere left exposed tovertebrate herbivores (open)Transplantplots each
contained two individugbencil pinesa cutting and a seedlin®irect sowing plots each contained fifteen viable

seeds, introduced from aex situ seed bank. Natural germinant plots contained vagyimumbers 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 112 115 30 30 2 1 290
Eagle Valley P P Burnt 102 98 30 30 6 6 272
Burnt North X P 97 93 30 30 3 3 256
Unburnt North P X Historically 97 99 30 30 3 3 262
Unburnt South P X Burnt 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 bgrotecting naturally germinated seedlings from herbivores. Such seedlings
were only found near living adult pencil pines, and mostlySmhagnum(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 pen?in some case®lots were situated where a seedling,

or group of seedlings, could be enclosed within tree gulagitu For half of these plots, tailored tree
guards were constructed usingagtlesssteel mesh and aluminium tubes to create a perimeter
impervious to vertebrate herbivores. Remaining plots were lefopsn 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 aRth@l Tasmanian Botanical Gardens
(RTBG); aaxsitu 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 &r-gilt

total seeds).

Three sowing methodsvere trialled; (i) undisturbed, wherebyseed were sownonto the natural

ground surface(ii) scratcled, whereby seeds were sown onto a disturbed surfadeich was created

by removing surface vegetation over a small area (efB0diameter) using a mattock to mimic an

animal dig, ang(iii) dug, in which seeds were sown into a small pitr(bdeep) created using the tip

of amattock, and a handful of soil replaced on top of the seétidf 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 robugtsless-steel tree guardaW (i-89§SQ RS&AIYy I odaAf G T
tubing, tie wire and stainlessteel mesh, pegged down with mild steel jute p{Rgy.4.2 ). Sowing

plots were resurveyed in December 2021 and germinant presence, or absence, was recorded.
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Fig. 4.21ntervention types trialled and examples from the 2023stevey. (a) For sowing interventions 15 viabéecil

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 apiticil 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 proteatdg robust tree guards (right). (f) Natural

germinant plots requiredailored tree guard designs. In the 202%gwervey, (g) sowing plots were scored for presence
F6aSy0S 2F yS¢ ISNYAYlyGad ¢NIyalLllyiSR AYRAGARIZ ta oSN
individuals which were (h) brokesffand ()A y i | Otid [ ABAYy 3 AYRADBARdZ £ & 6 SNBFf Ot aa
to near ground level or (k) over 10% of foliage was dead. (l) Living individuals which were intact and had at leasg90% livin
foliage were classed as healthy, and their heigeasured.
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Transplants

1007 transplant plots were established between February and April 202@&ch, two small pencil

pines were planted as tube staakne propagated from seed (seedling henceforth) and one

LINR LI 3 4G4SR FNRY OdzidAy3a YFGSNAIE owOdziGAydaQ KSy(
methods to be compared. Tube stock were grown at Habitat Plants Nursery (Liffey, Tasmania), who
obtainedseeds and cutting material from several provenances, including both local from the Lake
Mackenzie area and ndocal stock. The intention of including ntmtal material was to embed a

simple provenancérial (Box4.1) into our plantings, which could be asssbboth in the present

study and following future rsurveys. 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 imtentions above)Trials of various tree guard material were
embedded in the desigBpx4.2).

After planting, the topographic position of each plot was classHietbrding to macrotopography (3

m scale) and microtopography (0.5 m scas®) that the influence of both on establishment could be

tested. Forbrief descrigtions ofthe four macrotopographic class¢SphagnumWet, Moderate and
Dry)seeBox4.3 aAONR G2 L2 AN LIK& ¢l & OflraaSR a WNIzy2yQ o
WNHzy 2 FFQ 0KdzYY2 O] SaveynetmiRaie fullyyo@beddy EredSha(2020) 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 Propagation Provenance Count Mean Analysed Survival Health
method timing height (%) (%)
(mm)

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 715 54.7

Lake Mackenzie 3 124 135.7 Yes 71.8 59.7

Mi ckeyds C 51 128.9 Yes 66.0 54.0

Mi ckeyds C 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.
i) 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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Box 4.3: Macrotopographic classes

For more detail son 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.

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.

Moderate: Positions of intermediate drainage, including
slopes, gently raised parts of flats and transition zones
between dry and wet areas.

Dry:_Well drained positions, including raised areas,
moderate to steep slopes and rock scree. Range from
grassy or shrubby to very rocky.
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4.5 Timeline

The duration of the trial was 32 months fibre natural germinant and sowing plosstablishedn
March 2019 and 20 months for transplant plo{gstablished in March and April 202@lI plots

were resurveyed in Novembedecember 2021. In the 12 months preceding the establishment of
both sowing and natural germinant plots precipitation was close to the-teng average, but it was
lower than average through the following spring awnmer (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 2620 the only full summer to which transplant

interventions were exposed, was higher than average, with particularly high rainfall in February.

400
sowings & natural transplants )
germinants established  established final survey

3[1),
€
£ Summer
= Autumn
E 2004 Winter
E B Spring
E — monthly average

100 |

2018 2019 2020 2021 2022

Fig 4.3.Precipitationtimeline from one year before trial establishment (Dec 2017) until the finaureey (Dec
2021). Coloured bars are monthyecipitationtotals from the Lake Mackenzie gauge and the black line is the
longterm monthly average (Datprovided byHydro 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 softyr€ore Team 2022)here parametric analyses

were possible, an information theoretic approach was used, in which models with each possible
O2YO0AYylLFiA2Y 2F GKS LINBRAOG2NI O NARIFIo6ftSa oSNB 02,
Criterion (AIC). AIC favours both mofiebnd simplicity, and lower values indicate greater support
relative to other modés 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 iAKILTAf

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% caiénce intervals. For natural germinant interventions the

data did not conform to my standard distribution, and hence Kruskdallis rank sum tests (a nen
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

i) 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 resurvey. Change in maximum seedling height was calculated by subtracting maximum
seedling height at establishment from maximum seedlinghieat resurvey. Because data did not
conform to any standard distribution, KruskMallis rank sum tests (a ngrarametric comparison of

means) were used to assess for statistical differences between caged and open plots.

Direct sowing

Seedling presencabsence was the only response variable considered for direct simt@rgentions.

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 variablesalth and survivalwere assigned during the rsurvey
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 anestevey seedling counts decreased in both caged
(from 29.8 to 19.5 on average) and open (from 24.9 to bh%verage) 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 cagedats, height growth of natural germinants was slow in this tijmgt 13.5mm
on average.
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Fig. 44. Results from natural germinant interventions, in whdhstersof wild pencilpine seedlings were either
protected from herbivory (caged) or left exposed (opaiqck dotsrepresentmean valuegor each group, and
width of the black outlineindicates how data were distributed with regard to (%) Change in seedling count
was nhegative over the course of the trial in both caged and open plots, with no statistical difference between
them (KruskaWallis test, p=0.58). (b) Change in maximum seedling height was positive in caged plots and

negative in open plots over the course of theaty a difference which was significant (Krusikalllis test,
p=0.032).
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Direct Sowing

Almost all sowings failed, regardless of sowing method (&slale4.2). Of the 300 sowing plots, only

10 (3.3%) contained seedlings in the 2023isuevey. 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 closéo 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 202V eg,
30 months after plots were established. Failure was near total.

Sowing Caging| Resurvey results
method Present  Absent
Dug caged 1 49
open 1 49
Scratched | caged 1 49
open 1 49
Undisturbed | caged 3 a7
open 3 47
TOTAL 10 290

Protection of transplants from herbivores

Tree guards had a striking positive effect on transplants (Fig. 4.3a)jhe01006 individuals
transplanted in open plots, ju0 werefound alive (8.9%), and only 13 were healtl{%.3%). In
contrast, of 1008 caged individual&47 were alive (74.1%) and 559 were healthy §%§. 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 herbivoreréss all plots combined, 8144 macropod scats were
recorded compared to only 93 possum scats, which were the next moshoon24 wombat and 30

lagomorph scats were recorded.
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Fig 4.5. Status of transplanted individuatg the end of thetrial in caged and open plotand 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 burntareas(unburnt in2016) than recently burnt areas (burnt in 2018he violin plots

show that(b) historically burnt plotshad higher woody vegetation cover, and d3torically burnt plotshad

lower macropod scat counts, at the timetofal establishment

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 8). This was driven by a higher likelihood of survival and healfphagnumand

dry plots than in moderate and wet plots, where individuals were more likely to be dead or damaged
(Fig. 4.6). Outcomes in dry aBodhagnumplots weresimilarfor both response variableg dry plots

85.5% of individuals survived and 77.4% were healthy, whihagnumplots 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 heajththan 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
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. Surprisithglypositive effect of runoff
microtopography held true in all macrotopographic positions (no AIC suppastfound for the
macrotopographymicrotopography interaction term). Hence, even in dry macrotopography, there

was some disadvantage itgpting in poorly drained (runon) positions.

Table 43. Summary of results of the AIC analyses assessing support for predictors of survival, health and height
of transplantedpencil pines.Kis the number of estimated parameters and.is the maximum loglikelihood.

¢tKS 0Said Y2RSt o6ft2¢Said 'L/ 0 F2NJ SIOK NBaLRyaS JFNRIO

(Richards 2008) Predictors present in all selected models are strongly supported, while those present in only
some moels have moderate support. Site was included as a random effect in all models.

Selected models K InL KAIC

Survival 7 -433.4 0.0

y ~ macreopography+ micr@aopography+ propagation

y ~ macropography+ micrdopography 6 -435.4 2.0

Health 6 -521.3 0.00

y ~macraopography+ micraopography

Height 9 -1006.7 0.0
Runonplots

y ~ macraopography+ propagation+ fire hisory + height before

y ~ macréopography+ propagation+ heightbefore 8 -1009.6 3.8
y ~ macreopography+ fire hisbry + heightbefore 8 -1010.6 5.7
Runoffplots 9 -1043.9 0.00

y ~ macra@opography+ propagation+ fire hisory + height before
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Fig 4.6.Hfect sizeplot for supported predictors of survival and healthtransplaned pencil pinesCoefficients
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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 receivedipjort as a predictor

of health (Table 8). 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 rsurvey, with regard t@redictor 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 (Talle). However, height results differed in that transplants in
Sphagnunperformed 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 (Figd.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 thisre true a negative relationship between

soil depth and height would be expected in dry plots, and this was not the E&pe4(1). Field
observations suggest that transplants in dry positions grew more vigoroustguavey of measured

plants would be necessary to confirm this result.
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Fig. 48. Effect size plot for supported predictors of the height of transplamgedcilpines in the final resurvey.
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microtopography were analysed separately because there wamg support for an interaction between
microtopography and macrotopography. Height before was scaled to allow comparison of effect size with the
categorical predictors.
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Fig.4.9. Violin plots showing how height of heathy transplants in the finsduevey (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 seedfjs 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 timesafriey 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 intervdfsshallower 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 (iasear regression1f~=0.91, P=0.3452R0.014)
suggesting these height differences are due to other factors.

Microtopography

Despite the support for thanicrotopography: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 microtopograpt§phagnundiffering from

in other macrotopographic classes (Fig. 4.8)Sjinagnum 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 microtgpaphy effect size was negligible (95% Cls overlap

zerg).
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Fire history

Fire history was strongly supported as a predictor of height (TaB)ebut the effect was negligible

in runoff, and small in rungmmicrotopography, in comparison to other predictors (Fig. 4.8).
4.8 Discussion

This study provides insights for restoring a living fossil tree spegigshis threatened by climate
change and fire, within a globally significant protected af@argstrom et al. 2021; Bowmaet al.

2021) Of the three interventions trialled for restoring fitlamaged 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 the most difficult to implement.
Several fators 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 egpaphy. Variables relating to the tube
stock used, namely propagation method, provenance and age, had little effect compared to herbivore

protection andtopography.

Natural germinants

Thefinding that natural germinant numbers declined in both caged and open plots suggests burnt
pencil pinestands 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 mitigdie was surprising given herbivores were

a strong influence on transplants at the same sites, and that a similar field experiment in the Central
Phteau found seedling counts increased by 3% in caged quadrats while decreasing by 56% in adjacent
open quadrats over 18 month&Cullen and Kirkpatrick 1988a)Vhile it cannot be ruled out that
differences in design contributed to the contrasting effects of caging observed in the two studlies,
simpler study would have detected a caging effect of the magnitude reported ieahierstudy. 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 juvepéacilpines are restricted to areas
near live adultgBliss et al. 2021, Cullen and Kirkpatrick 1988adl these positions may be unsuitable

for their survival. Pencpine seedlings are subject to several bottap filters. For example, field
studies suggegtencil pines have limited shade toleran¢€ullen and Kirkpatrick 1988ayhich was a

likely constraint on the germinantse targeted, given many of them were located directly unties

adult trees (i.e. were shaded). Additionally, laboratory experiments show young seedlings are

susceptible to both drought and waterloggiiGullen and Kirkpatrick 1988H} is not possible to
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determine the causes of mortality durirtis study. However, it is clear that protecting naturally

occurring germinants from herbivores is raaieliable standalon@pproach 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 restoripgncil pines. Both abiotic and biotic factors can cause
direct sowing to fail. For example, seeds are often removed by predg@tamabury et al. 2019
Overdyck et al. 202Palma and Laurance 201%)cluding in the Tasmanian Midlands, where ants are
known to target sown see@Bailey et al2021b) Other studies have emphasised the impact of
weather, as sowingsvhich do not align with suitable conditions may fail to germinate or persist
(MufiozRojas et al. 20%6Hallett 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 o€gden 1978)
However, precipitation in the weeks that followed was much higher than the-terg average Fig.

4.2), which may have affected germiran 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 séfeseaitdi
times (both within and between years), anmbuld explore the role of seed predation by applying

insecticides to some sowingBailey 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 recruitmqygnail pines.
Laboratory tests have shown seeds have high viability rates and germinate under a range of
temperatures, both with and without ligh(Read, 1989)Further, young seedlings are frequently
recorded following mast seeding events, which suggests that seeds readily germinate if they reach a
favourable microsit€Holz et al. 2015Bowman et al. 201;8Cullen and Kirkpatrick 1988a)owever,
several constraints to recruitment have been identififtht 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 distan@@sllen and Kirkpatrick 1988alhus,somework
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 whdatlect sowing failed

acros a range of treatments, including two fire histories afmd range of macro and
microtopographical positiondt hasalsobeen speculated that low severity disturbances (e.g. animal
digging or trampling) may be important fpencilpine germination in natural settingBowman et al.

2019) However,my study which incorporatethree levels of mechanical disturbance, provides no

evidencethat disturbance promotes seed germination or establishment.
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Transplants
Theseresults indicate transplanting is a promising intervention to restmacilpines. This aligns with
restoration trials using other species which have also found transplanting to be an effective approach

(PalmaandLaurance 2015).

For some species, transplanting effectiveness may be strongly influencad®ystock type; for
example, the method of propagatio(Ray and Brown 199%Zahawi and Holl 2009)genetic
provenancgBailey et al. 2021aand age at the time of plantin&@iles et al. 2010)nthis study, these
variables were unimportant compared to whether tree guards were wmatiwhere the tube stock
were planted While these results apply only to transplant establishmehgy suggest transplanting

outcomes are not highly sensitive to the tube stock used.
Herbivores

Ourresults 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 mostlijkto 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 aredde conclude that herbivores were ubiquitous, and
decimatedpencilpines not protected by tree guards. This reinforces the existing view that herbivores

are a key constraint opencilpine recruitment in the Central PlategCGullen and Kirkpatrick 1988a)

2 KSNE KSNDBAP2NBA O2yaiGNIAYy LI LFYy(d NBONMHAGYSYyGH:
which provide structural protection from herbivofPadilla and Pugnaire 2008jwo ofour findings
suggest a nurse plant effect fpencilpines. 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 theigh
germinantsattained. These findings are consistent with herbivores targeting seedlings that protrude
above surrounding vegetation. Thuge 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 aur 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 ThylacineThylacinus cynocephalugopulation decline of the Tasmanian De@h(cophilus
harrisi) and the cessation of hunting by Aboriginal people and later European trappers, there is

currently little predation to control macropods in the Central Platéldolz et al. 2015)Several lines
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of evidence suggest macropods constraémcilpine recruitment and growth, including the dearth of
adult foliage belowthe browse heighof wallabies(Macropus rufogrisegshigh scat counts, and that
macropods have been observed consunyiegcilpine foliage(Holz et al. 2018Cullen and Kirkpatrick

1988a) Ourfindings reinforce this.

In this study, transplants established well in sites burriath 2016 the 1960s. This suggests neither

of these fire historiess intrinsically unsuitable fopencil pine recruitment. Other work has shown
naturally occurringpencil pine seedlings are more scarce in burnt than unburnt stafitidz 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 ifequipped to disentangle these mechanisms. In contthg trial allowed the role of site
conditions to be assessed, because herbivory was controlled for, and jupemnitd 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 youngencil pines through light competition, given that recruitment in thick
stands is restricted to disturbandeduced light gapgCullen and Kirkpatrick 1988&jiowever,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 resdtion plantings are unlikely to be affected by

high shrub cover if they follow the same protocaol, it is possible competition from shrubs constrains
natural recruitment. However, the benefit of shrubs in protecting wild juveniles from herbivores is

likelyto offset possible adverse competitive effects on growth.

A further effect of high shrub cover is increased flammability, which may impact thedamgsurvival

of transplantedpencil pines. For example, a shrdive feedback has been demonstrated for stands
burnt in the 1960s, whereby shrubs increased following burning, driving higher mortality of adult
pencil pine in subsequent fire@Holz et al. 201 3Bowman et al. 2019)This suggests transplants, and
naturally recruitingpencil 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.

Ourresults suggest time since fire is not a key consideration for restoring pemntil pinestands.
Whilst a common assumption following ecologically damaging fires is that rapid intervention is needed

to restore the system, this is not always the céBeghin et al. 203,Beschta et al. 2004)n thistrial,
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transplant establishment rates were similar between recently and historically burnt sites. Therefore,

burnt pencil pinestands remain suitable targets for restoration long after fire.

Theseresults show that transplant establishment can be improved by selecting favourable planting
positions within a site. This alignhs with a growing body of work showing that microsites are important
in restoration plantings, which can be predicted by indicatpeciedDunwiddie and Martin, 2016)
proximity to shelter(Bailey et al. 2012)substrate characteristicDouterlungne et al. 2015)and
topographic variablegLarkin et al. 2006)For example, finscale topographic features influence
transplantsurvival in prairies of the Pacific North WéBunwiddie and Martin, 20163une systems

in Michigan(Halsey et al2017) and wetlands of southeastern Austra{Raulings et al. 200.7In this

trial, we used a multiscale topographic classification system (considering both 3 and 0.5 metre scales)
which predicted transplant establishment rat&ge 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
assignedpost 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 usimdyocoarsescale factors (e.qg. fire history).

Our results suggest waterlogging is a key constraint on yqergil pines, which was unexpected
because the densegiencil pinestands are found in wet areas. Poorly drained positions had lower
establishment rates at both scales of topography | considered. Topography influences vegetation via
several mechanisms, including by modulating drought st{@ssigway and Ludwig, 1994pst
occurrencgMarquis et al. 2021and waterloggingRaulings et al. 2007frost and waterlogging may
show similar patterns ithat the effects of both are strongest in drainage hollows. However, the
effects of topographyve observed seem unlikely to be driven by frost, given laboratory studies have
found both juvenile and aduftencilpines are remarkably frost tolerafiBakai et al. 198 LCullen and
Kirkpatrick 1988h)In contrast, waterlogging is a known constraint ancil pine seedlinggCullen

and Kirkpatrick 1988b)and is thus a more likely drivéWWe suggest welllrained sites should be
targeted in futurepencil 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 halraiied

positions may be vulnerable to drought stress.
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Thistrial 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
Sphagnumand dry macrotopography, transplants were taller in the latter, suggesting there were
constraints on growth iSphagnumOne likely factor is nutrients, given transplantSphagnunwere
surrounded bysphagnunand decomposing organic matter rather thlaysoil. In contrast, transplants

in dry pogtions were surrounded by soil, and hence probably had access to more nutrients. That this
did not affect patterns of establishmentm®t surprising, because tube stock were transplanted with

a small amount of potting mix, which contained granules of glel@ase fertiliser, and probably
provided sufficient nutrients for transplants to survive and appear healthy during the trial. These ideas
are speculative at present, but future-seirveys could explore them in detail. For example, soil could
be sampledrom dry, moderate, wet an&phagnunpositions, 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, reneasuring 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 additionatlata would be simple to obtain and could illuminate whether nutrigiftvary with
topographic position(ii) constrainpencilpine growth, andjii) whether fertiliser may aigencilpine

restoration.

4.9 Management recommendations

Adaptive management

These recommendationare based on the first trial gfencilpine restoration methods anébcus on

the establishment and early survival of transplaitisese ecommendations must be revisitesd new
information is gatheredFor examplefurther work is required to determine longdéerm patterns of
transplant survival and growth. Additionalthe effects of topography outliree(where weltdrained
positions are most favourable) could be reversed in drought conditipagicularlygiven 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 evenkte potential of direct sowing
and natural germinant interventions also warrants further attenti@fith the importance of adaptive
management stated up fronguidelines for restoring burrencil pinestandsare 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
1 Transplanting tube stock, with herbivore protection, should be the primary intervention
approach.
1 Where naturally occurring seedlings are found, tree guards can be constructed to
protect them.
1 Direct sowing is unlikely to be effective.

Herbivore protection
I Transplants must be protected from vertebrate herbivores, particularly macropods.
9 Individual tree guards are an effective option for rugged terrain.
1 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
i Tube stock may be propagated from seed or cuttings; whichever is most convenient.
1 This requires lead time of around 2 years (tube stock 1.5 years old at the time of planting
are sufficient for establishment).
I Seed should be germinated outdoors (not in a greenhouse).
I There is little evidence that provenance is important (see Box 4.1).

Planting position

9 Stands burnt recently and in historic fires (e.g. 1960) are equally suitable.

1 Choice of planting position at fine scales strongly influences the chance of success.

1 Well-drained areas are best, followed by Sphaghum dominated areas.

1 Poorly drained non -Sphagnum areas are least likely to succeed.

i 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.

I 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 globaige since European invasi¢Bowman et al.,

2019) a trend that is likely to continu@arris et al., 2018; Mariani et al., 2018nd to only be offset

by active intervention. Initiatingraongoingrestoration program promptly would be prudent given
pencl pines grow very slowly, and that lead time is required (i.e. to source funding, obtain permits,
propagate tubestock and purchase tree guard materials). Furthiestoration 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
(Cullenand Kirkpatrick 1988a; Ogden 1978)ree guard design needs to accommodate this. If small
guards are used these will need to be replaced or modified as transplants growx&uople, the

closed top, teepee 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 consider¢ds bossible that the herbivore assemblage may
change, necessitating different herbivore protection measures. For exarfgllew deer, a large
invasive herbivore, may become more prevalent given the documented trend of range expansion and

population grovih (Cunningham et a021).

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 thenidieation of refugiag areas which can facilitate

a species persistence through periods of adverse condifideppel et al. 20125everal studies have
already usedAthrotaxisspecies in bioclimatic models, providing clues for decision mgKexspel &

al. 2015; Mariani et al. 2019; Porfirio et al. 201Bdr example, one such study found that montane
forest stands, containingthrotaxis 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. 201P 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 adifferent characterto natural ones (e.g. more uniform age structure, different spatial
patterning and a lack of clonal clusters). Trauggy 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 tradé 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 thanstiale fie

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
YFEYF3SYSyd 32T GKFEG 27F Y A y(Brobkretha) 2019Thid 5 Ry S & & C
particularly relevant in the TWWHA, the wilderness character of which is highly valued by the local
community and is an explicit management priority (although seectit@gue ofFletcher 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 chambe.interventions that are acceptable will

dzft GAYIF GSte& KAy3aS 2y O2YYdzyAde FdGAGdZRSad wSaSI|k N
Tasmania to date has focused on the establishment of protected areas, rather than management
specifics, howeverhis work has often identified disparities between perceived and actual attitudes

of stakeholdergKelly et al. 2020Hence, 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 stakeholdepgyrou
contacted during the permitting process were supportive, and media coverage has been positive
(Chandler 2020Hunt and Whitebeach 2022)
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5. Conclusions

/I fAYF(GS OKFy3aS Aa AYyONBlIaAy3d Gapide vBgetatidnd wiadiBis (2 4 A
poorly adapted to fire. The Lake Mackenzie Rehabilitation Trials have demonstrated that while post
fire recovenythis vegetation is very slow and patchy, there are some practical interventions available
to help restoreSphagnumY A NBa FyR LISYyOAf LIAYS LRLJAFGA2ya |
Restoration is most likely to succeed if methods are based on robust experimentation and refined
through adaptive maagement; the highly replicated field trials we established near Lake Mackenzie

provide a crucial start.

Our observations of burBphagnunmmires 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 &loapter 2)

Our highly replicated trial showed the most effective restoration technique was to apply shadecloth
to Sphagnunthat had been damaged, but not completely killed, by the fire. This should be done as
soon as posslb after the fire, to minimise the harmful effects of intense sunlight on damaged
Sphagnumin contrast to restoration trials in the Australian Alps, in our trial fertiliser application was
harmful toSphagnumeven in unburnt areas. It is possible that a different formulation and rate could
be beneficial, and more research is required on this. Transplanting hextiggnumninto burnt areas

was not very successful. Further work is needed into ways of enhancing the success of transplants,
possibly through estoring hydrology of burnt area&x situproduction of Sphagnumtransplant
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 soof@hapter 3) We also found that targeted
interventions can help restablish severely damaged populations and thereby maintain pencil pines

in the landscapéChapter 4) To do this, transplanting of nursegyown 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, becatfisets 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 adaptémlowing future research, including +®urveys of this trial, in

which longefrterm patterns of survival and growth can be assessed. Other interventions to conserve
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pencil pines should also be considered, such as establishing populations in unoccupied fire refugia,

and using finescale fuel management to protect existing stands from fire.

Restoration interventions are likely to become more important as climate change imposes more stress
on Tasmanian sublpine vegetation, both directly from drought and higher temperatures, and
indirectly through increased frequency and severity of wildfiiee 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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7. Project Outputs

Scientific publications

Bliss A, Prior LD, Bowman D (2021) Lack of reliabldippsecovery mechanisms makes the iconic
Tasmanian conifeithrotaxis cupressoidesisceptible to population declindustralian Journal of
Botany69, 162173.https://doi.org/10.1071/BT20117

Prior LD, Nichols SC, Williamson GJ, Bowman DMJS (202f)eRestoration ofSphagnunbogs in
the Tasmanian Wilderness World Heritage Area, AustiRéatoration Ecology13797.
https://doi.org/10.1111/rec.13797

Thesis and Thesis Chapter

Harding, M.C. (2021). Péfite impact assessment of TasmanBphagnunbogs: UAS mapping trials
and method development. Honours thesis, School of Biological Sciences, University of Tasmania.

French, BJin preparation In situconservation of thegpencil pine (Athrotaxis cupressoidgsinder a
changing climate; a @F A NBE NBadG2NI GA2Yy GNX I fPhDk Thesi¢ Chapidr,y A I Q&
University of Tasmanigwill be posted online when pasged

Published report

Harding M, Turner D, Williamson G, Nichols S, and Bowman D. (2028yd>mspact assessment of
Tasmaniarsphagnunbogs. 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/past

fire_impact assessment of tasmanian_sphagnum_bogs.pdf

Establishment reports

FrenchB.(2022)®valuating posfire restoration methods fopencil pines (Athrotaxiscupressoides
the LakeMackenzie field trialEstablishment Reparfune 2022 Fire Centre Research Hub,
University of Tasmania, Hobart.

Nichols S, Prior L, Bowman D (20&phagnunirial Establishment RepofWWHA Bushfire
Recovery: Lake Mackenzie Rehabilitation Trialse 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 re@gments, procedures used, and issues

encountered in the nursery.
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Data

All data and metadata filesvith the exception of the UAS drorspatialdata, including descriptions
of methods, have been uploaded tm énstitutional repository (RDP)housed by the University of
TasmaniaFiles are discoverable vikesearch Data Austraheith mediated access available via the

following links

Sphagnum Reabilitation Triak: https://dx.doi.org/10.25959/1rxpg309

Pencil pindResurveyhttps://dx.doi.org/10.25959/hysXb16

Pencil Pindnterventions: https://dx.doi.org/10.25959/sa6>qd36

This data along witthe UAS drone dathave been provided to NRE Tasmania for storage
7.1 Decisiorsupport 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 pine€gobagnummires.

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 givesttadsults.

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 detahds of pencil pine
in the TWWHA. Given the long lead time of producing tube stock in the nursery, and the
aLSOASaQ SEGNBYSte &aft2¢ INRPgGK NIYGSaz AL ¢2d
tree guard materials on hand when the inevitable nextlfiie 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

SPhagnummires and pencil pine stands in remote parts of the TWWHA burnt by unplanned wildfires.
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Postfire Rehabilitation of Tasmanian Sphagnuitires- Decision Support Tool

Bowman DMJS, McCormack SA, Nichols SC, Porter M, Williamson GJ and Prid) LPo&iz
Rehabilitation of Tasmanig®phagnunMires- Decision support tool.

Postfire Restoration of Tasmanian Pencil Pin€3ecision Support Tool

Bowman DMJS, McCormack SA, French BJ, Bliss A, Porter M, Williamson GJ and Pr&)r BDs§202
fire Restoration of Tasmanian Pencil Piigscision support tool.
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Identify where Sphagnum mires

: Initiate post-fire intervention - likely to minimise further
are on fire ground

damage and promote recovery

goﬁt-:)l':'e - f @ R coinbahi o Post-fire recovery interventions®

ehabilitation o ; ; )

: Methods O\

Tasmanian s

Sphagnum Mires s s Shiadedott |4:( |
Gmfm:xr:s ORDintE: 5 To determine whether location is appropriate, consider

resources required to install, maintain and later remove
shade

Importance of Sphagnum Mires

Sphagnum mires occur in small, Identify area of Sphagnum burnt'?
permanently wet areas in high rainfall

Cover moderately damaged Sphagnum with shadecloth

&
2
L {‘ % Increases rate of post-fire recovery
)
|
)
(8

alpine and mountainous regions. o Monitor and maintain shadecloth
Despite the small area they occupy, @ Required in same growing season
alpine Sphagnum mires play many as fire occurs Transplants
important roles including:

Maintaining catchment Small areas Problematic demand on donor material for large scale
‘ hydrology and water quality ik e K wt i s e »

- . _ Large areas Moderate

reventing erosion Detailed drone mapping using GPS sy severity
Adversely affects Sphagnum recovery

Supporting various endemic OR
‘ species that require year-round High-resolution satellite i Y

moisture Budget and resources
Sphagnum is considered particularly @
vulnerable to the effects of fire which TN | ® UAS survey, image p ing, logisti ing
are expected to become more frequent Burn classification :
in the future due to climate change. s 3;0,(:)0 {appimate ws'h:’;'l'a) : ;
This document outlines a promising Percel e Field validation resourcing, skilled labour, equipment (RTK GPS
intervention for encouraging post-fire ° mgzmph inen) =—P| of &h’{l’ggf””’" 3-5 days fieldwork
recovery of Sphagnum mires in o Intesvention - shadecloth matesials, pins/stak
Australia. Determine percentage of healthy, damaged o R S S

and killed Sphagnum in field based on: labour (3+ p ), logi (! pter drops)

e @ Monitoring and removal of shadecloths
og'. Colour @

* Research required to devise ways to restore severely burned Sphagnum

Z:g Structure 5 Options: hydrological interventions and propagation and planting of Sphagnum
6 ! Research required to automate. See Harding et al., 2022 for further details
@ Moisture content High seve—ity * Nichols et al. 2022
No recovery expected* * Prior et al., 2022

Photo credit: Scott Nichols
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Sphagnum mires

Listed as rare in Tasmania®, alpine Sphagnum bogs and associated fens,
collectively termed mires, occupy an estimated 3,100 ha across the state,
found primarily in the Tasmanian Central Highlands and Tasmanian
Southern Ranges bioregions (Figure 1).

Healthy

Sphagnum

mire

Photo by

Scott Nichols
Sphagnum mire locations in Tasmania, indicated by yellow dots.
Locations are indicative, not reliable at a fine scale. Locations

Figure 1 derived from TasVeg 4.0 category ASP Sphagnum Peatland,
produced by DPIPWE Tasmania.
Image: Grant Williamson
Sphagnum mires 2
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O

Required immediately after fire occurs

Identify where Sphagnum mires occur'?

Aerial surveys of burned areas are an effective way to
identify Sphagnum mires. The surveys can be specially
commissioned campaigns to acquire high resolution
multispectral imagery and lidar data; simpler aerial
reconnaissance of large areas; or localised surveys,
ideally using drones (Unoccupied Aerial Vehicles or
UAVs) with high resolution, precisely georeferenced
image acquisition but off-the-shelf drones are also
appropriate. All aerial surveys require field validation.

0 S0 100 m
[ S—

(left) Aerial photo centred on the Eagle Valley mire, and (right) drone image showing the
mire at higher resolution. Figures 3 and 4 show burn severity classifications of this mire.

Image: Grant Williamson and Darren Tumes, photography in left figure from Tasmania LIST state aerial
orthophoto.

Figure 2

Identifying where Sphagnum mires occur
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@ Required in same growing season as fire occurs

Identify area of Sphagnum burnt?

» Raw drone images

»  Manual mapping of imagery with grid (5 m x 5 m)
of area burned

- Processed burn severity imagery

Imagery needs to be interpreted to map the extent

and severity of fires in Sphagnum mires. This can

be done manually using simple classificatory rules.
Automated machine classification of fire severity

is also possible in principle, but in practice, further
research and development is needed’. All maps need
to be field validated using broad vegetation categories.
It is important this mapping is done as soon as
possible after a fire event before regrowth obscures
the categories.

Drone-derived images of bumt mire showing
areas classed as bumt Sphagnum, unbumt
Sphagnum, burnt other vegetation, unburnt
Figure 3 other vegetation and free water. The raw
images for Eagle Valley (top right) are shown
in Figure 2.

Image source: Figure S4, Prior et al., 2022

Identifying area of Sphagnum bumt 4
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