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Tasmania’s relictual cool temperate conifer flora is at risk from projected climate change during this century. Montane and rainforest
conifer species exhibit several characteristics which indicate likely vulnerability to environmental change. They are adapted to cool and wet
conditions and are highly sensitive to drought and fire. Increased moisture stress and fire are therefore expected to drive declines and local
extinctions in these species with ecosystem-changing consequences. A long-term monitoring program has been established to examine
trends in condition and recruitment for four Tasmanian endemic conifer species. Permanent monitoring sites have been established at 13
locations in Tasmania’s highlands. The target species include two long-lived, slow-growing rainforest tree species — Pencil Pine (Athrotaxis
cupressoides) and King Billy Pine (A. selaginoides) — and two shrubby conifers typically associated with high elevation coniferous heath
vegetation — Dwarf Pine (Diselma archeri) and Drooping Pine (Pherosphaera hookeriana). Conifer condition was assessed visually using four
condition classes. Presence of juvenile plants was recorded as were cones (strobili) on mature plants. Conifers were mostly in good condition,
with Drooping Pine the only species to frequently exhibit poorer condition. Condition varied significantly between sites for Pencil Pine but
not for King Billy Pine. No recruitment of Pencil Pine was evident at the majority of its sites (23 of 34), whereas seedlings and juveniles
were present at most King Billy Pine sites (20 of 24). Recruitment appeared to be more or less continuous for the shrubby conifer species.
Key Words: conifers, monitoring, climate change, Tasmania, Athrotaxis cupressoides, Athrotaxis selaginoides, Diselma archeri,

Microcachrys tetragona, Pherosphaera hookeriana, Pherosphaera lawrenci.

INTRODUCTION

Tasmania has 10 native species of conifers (Division
Pinophyta) of which eight are relictual species of rainforest
and montane habitats (Hill 1998, Hill & Orchard 1999).
Within Australia, Tasmania’s cool temperate conifer flora has
high levels of diversity and endemism (Enright & Hill 1995)
and Tasmania is one of five global hotspots of conifer diversity
(Contreras-Medina et 2/. 2001). The 50% endemism rate at
the generic level is among the highest rates of endemism in
conifer floras worldwide (Contreras-Medina & Vega 2002).
Rainforestand alpine vegetation communities dominated by
conifers are internationally significant due to their primitive
flora and Gondwanan affinities (Balmer et 2/ 2004) and
presently cover less than 1% of Tasmania’s land area.

A dramatic decline in the extent, diversity and dominance
of Australian conifers during the Tertiary coincides with
increasing aridity in this period, with many of the relictual
species now restricted to Western Tasmania, which is a
refugium for conifers (Jordan 1995, Carpenter ez a/. 2011).

Most Tasmanian conifers exhibit physiological drought
intolerance (Brodribb & Hill 1998) and are extremely fire
sensitive (Gibson ez al. 1995, Kirkpatrick ez al. 2010).
Vulnerability to climate change is determined by a complex
range of factors broadly comprising adaptive capacity,
resilience and exposure (Williams ez /. 2008). Montane
conifer species possess many of the characteristics associated
with vulnerability to climate change (Williams ez a/. 2008):
(i) poor physiological tolerances to high temperature and
low moisture availability; (ii) life history traits including
longevity, slow growth rates and poor dispersal; (iii) present

limited geographic range; and (iv) predicted exposure to
climate change (based on downscaled general circulation
models for Tasmania; Grose ez 2/ 2010). Therefore, local
extinctions and consequent range contractions are likely to
occur in these species. Uncertainties such as ecological and
evolutionary adaptive responses and potential feedbacks
and interactions make it difficult to predict how fast and
widespread these impacts will be.

There have been many episodes of rapid climate change
— most recently during the Quaternary glacial cycles — with
relatively few extinctions, suggesting that species have
been able to persist, evolve or migrate more successfully
than is predicted by current models (Botkin ez al. 2007).
However, the additive effects of pressures such as increased
fire, herbivory, low levels of recruitment and physiological
stress may increase the likelihood of extinctions.

Dieback symptoms such as chlorosis, foliage thinning
and death have been observed in several conifer species
at widespread locations in Tasmania’s highlands. These
symptoms may be pathological (e.g., Whinam ez a/. 2001,
Yuan ez al. 2000) or environmental. Changes in vegetation
condition can be related to a variety of causes and manifest
at different scales ranging from individuals, to populations,
to the overall extent of the community. Observation and
monitoring at different scales is therefore a strategic approach
to detect and quantify change, which can inform adaptive
management strategies such as protection of refugia, ex situ
conservation and assisted migration.

Four Tasmanian endemic conifer species have been selected
for long-term monitoring. These species are expected to be
sensitive to environmental change and consequently are
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likely to be useful indicator species. They exhibit different
life histories, are keystone species in several vegetation
communities of conservation significance and are also iconic
elements of the Tasmanian environment. Most populations
of these conifers occur in reserves, particularly the Tasmanian
Wilderness World Heritage Area where they contribute to
the globally significant flora and vegetation values (fig. 1).

King Billy Pine (Athrotaxis selaginoides D. Don) and
Pencil Pine (A. cupressoides D. Don) are slow-growing
rainforest trees with a lifespan of around 1300 years
(Cullen & Kirkpatrick 1988a, b, Gibson er al. 1995).
King Billy Pine is a canopy dominant or emergent tree
in mid-elevation climax rainforests (typically 360—1100
m), and also occurs in krumholz (dwarf) form in alpine
scrub. Pencil Pine is a highland species, mostly occupying
an altitudinal range of 990-1370 m, where it is dominant
in subalpine rainforest and woodland and also occurs in
alpine vegetation (Kirkpatrick 1996). Both species exhibit
mast seed production with seed dispersal by wind typically
limited to around 100 m, although Pencil Pine relies mostly
on asexual reproduction with root suckers observed more
than 50 m from a parent plant (Cullen & Kirkpatrick
1988a, b, Kirkpatrick ez a/. 2010).

Dwarf Pine (Diselma archeri Hook.f.) is a dense shrub
typically 0.5-1.5 m tall in alpine heathland, but occasionally

taller in subalpine forest. There is a small atypical population
of this species at Lake Johnston in the West Coast Range
where it occurs as a tree reaching heights of over 10 m with
diameter at breast height (DBH) up to 45.5 cm (Fitzgerald
2011). Drooping Pine (Pherosphaera hookeriana W. Archer
syn. Microstrobos niphophilus J.Garden & L.A.S.Johnson) is
similar in appearance, habitat and dioecious habit; however,
the two species are in different families. Drooping Pine has
a more limited distribution (fig. 1) and our observations
suggest that it always co-occurs with Dwarf Pine. Both
species are dominants of coniferous heathland, which may
also include Creeping Pine (Microcachrys tetragona Hook.),
Mountain Plum Pine (Podocarpus lawrencei Hook.f.) and
shrubby forms of the two Athrotaxis species. Coniferous
heathland occurs at high elevations, typically 1070-1490 m.

Observed climate change in Tasmania includes a rise
in mean annual temperature of 0.1°C per decade since
the 1950s and changed rainfall seasonality (Grose ez al.
2010) with regional variation in magnitude and direction
of change. Ecological impacts in the Tasmanian highlands
are already apparent; notably severe dieback of Cider Gum
(Eucalyptus gunnii ssp. divaricata McAulay & Brett) on the
eastern Central Plateau which appears to be largely driven
by drought associated with a long-term decline in rainfall
(Calder & Kirkpatrick 2008).

FIG. 1 — Distribution of vegetation
communities dominated by the
Jfour conifer species targeted for
monitoring. Shaded area is the
Tasmanian Wilderness World
Heritage Area. Vegetation mapping
Sfrom TASVEG 2.0.
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Recent climatic projections for Tasmania indicate little
change for central and western Tasmania until after 2040,
when there is likely to be a reduction in annual rainfall
for the Central Plateau (core range of Pencil Pine) and a
marked decrease in summer rainfall in the central west which
coincides with the core range of King Billy Pine (Grose ez
al. 2010). Based on six global climate model simulations
downscaled for Tasmania, the Central Highlands and
western Tasmania are expected to experience increases (from
the baseline period 1978-2007) in average and maximum
temperatures of approximately 1-2°C during 2040-2069,
increasing to 2.5-3°C after 2070; this magnitude of change
is expected to be year-round on the Central Plateau, while
the West Coast is likely to see more warming in summer
than other seasons (Grose ez /. 2010).

Ecophysiological studies show that King Billy Pine is
adapted to cool temperatures (Read & Busby 1990) and
is poorly adapted to water stress (Brodribb & Hill 1998,
Jordan ez al. 2004). Read & Busby (1990) suggest that low
summer rainfall is the primary limitation for King Billy Pine
based on bioclimatic modelling, while their physiological
research indicates high summer temperatures are directly
limiting, at least at lower elevations where rainfall is
adequate. The difficulty of interpreting the climatic niche
is compounded by the substantial influence of fire and slow
dispersal ability on the realised niche and the possibility that
present distributions of vegetation with conifers may reflect
past climatic events (Read & Busby 1990).

FIG. 2 — Location of montane conifer
monitoring sites in Tasmania.

Pencil Pine, King Billy Pine and Drooping Pine are capable
of asexual reproduction by layering or suckering (Cullen
& Kirkpatrick 1988a, Gibson et /. 1995, TSS 2009). The
relative importance of seedling versus vegetative reproduction
appears to vary between species and sites.

Cunningham er al. (2007) suggest using the term
“condition” to describe the appearance of a tree, while
“health” refers to actual physiological and pathological
factors. This paper describes the method employed for
monitoring the condition and recruitment of Tasmania’s
montane conifer species and provides a baseline for assessing
change in the future. The monitoring method presented here
is a relatively simple and efficient system for documenting
long-term trends in recruitment and condition of flora
species and can be applied to other species in Tasmania
and elsewhere.

METHODS

Thirteen localities were selected for conifer monitoring,
covering much of the geographic extent of the four target
conifer species (fig. 2). All sites are recorded on the Parks
& Wildlife Service Information Management System

(PWSIMS).
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Site description

For each plot the slope, aspect, geology, landform, fire history,
vegetation community and ground cover were recorded
(see appendix 1). Floristic description involved recording
dominant vascular plant species and cover scores by stratum
and lifeform categories.

Athrotaxis forest monitoring

Monitoring for Athrotaxisforestand woodland usesa modified
point-centred quarter method (PCQM) where each “plot”
consists of 12 Athrotaxis “individuals’”and sampling is based
on a permanently marked centre-point. The nearest three
Athrotaxis trees over 2 m tall are recorded within each of four
quadrants delineated by the cardinal compass points. PCQM
iswidely used for forest inventory surveys as it is more efficient
than plot-based sampling and although it is designed for
single-trunked upright trees it can be adapted to situations
where trees have multiple or leaning trunks (Dahdouh-Guebas
& Koedam 2006, Mitchell 2007). Using this method there
is theoretically no distance limit for inclusion of trees from
the centre-point; however, in practice with small discrete
stands of Athrotaxis there may be a quarter in which there are
fewer than three trees. In this case a correction factor can be
applied to the PCQM data to adjust for vacant quarters, or
for fewer than 12 individuals (Mitchell 2007). The formula
used to estimate density assumes a random distribution of
trees which is rarely the case in nature (Mitchell 2007). Pencil
Pineappears to haveadistinctly clumped distribution in most
cases, particularly in woodland communities. Consequently
the results must be considered estimates of stand density
rather than definitive measures.

Multi-trunked trees where the trunks clearly arise from a
common base are recorded as an individual, as are distinct
clusters of stems. Root suckers or trunks distant from the
cluster (more than c. 1.5 m) are treated separately, even if
it appears that they may be connected. Suckering in Pencil
Pines results in clonal stands (Cullen & Kirkpatrick 1998b),
so it is not feasible or desirable for a field monitoring program
to define individuals on a genetic basis.

For each of the 12 “individuals” at a site the following
details were recorded: distance and direction from marker
post; DBH at 1.3 m (for rare instances where many small
stems occur in addition to one or more of larger diameter
measure all stems that are more than % the diameter
of the largest stem); chlorosis or death of apical foliage
(recent/old/absent); cones (absent, present on <50% of
branches, present on >50% of branches); age (current
season or older) and predominant sex of cones; and an
overall condition score ranging from 1 (dead) to 4 (no
dieback symptoms). Reference photographs of conifers
representing the different condition scores are used as a
guideline for assigning the four condition classes (see pls
1-4). The simple four-class condition score was chosen to
provide repeatability and reduce observer bias compared
to a larger number of classes.

While other researchers have used several indices of tree
condition (e.g., crown extent, crown density, crown vigour,
leaf condition) for trees with well-defined architecture and
dieback processes (e.g., Cunningham ez al. 2007, Souter
et al. 2010a, b), this has proved impractical for Athrotaxis
species due to considerable variability in tree form, which
is likely to be related to age and site characteristics.

Recruitment was noted for all conifer species present with
the following categories: none, seedling, asexual, seedling

and asexual, indeterminate. In addition to the 12 trees per
plot any smaller Athrotaxis individuals (under 2 m tall) are
recorded with location relative to the centre point and a
height estimate.

Classification and ordination of plots were performed on
the mean health score of trees using PATN (Belbin 1993).
Classification used the Agglomerative Hierarchical Fusion,
with Gower Metric Association Measure and Flexible

UPGMA and SSH ordination method.

Highland coniferous heathland monitoring
For coniferous shrubbery (and Athrotaxis vegetation under
2 m tall) sampling is based on 10 x 10 m quadrats oriented
to magnetic north and marked with permanent aluminium
corner stakes. For each conifer species in a quadrat the
following details were recorded: percentage cover (Braun-
Blanquetscale); average and maximum height; cones (absent,
presenton <50% of branches, present on >50% of branches);
age and predominant sex of cones; and an overall condition
score ranging from 1 (dead) to 4 (no dieback symptoms).
Recruitment was noted for all conifer species present with
the following categories: none, seedling, asexual, seedling &
asexual, indeterminate.

Apart from the four target species, the same observations
were also recorded for other conifer species when present
at a site.

RESULTS

Recruitment was evident at 11 out of 34 sites for Pencil
Pine, with most, or possibly all, juveniles being root suckers.
Recruitment was most frequent at Mount Field, followed
by Pine Lake, with very little or no recruitment observed at
the other study sites. Recruitment was more frequent for A.
selaginoides with juveniles present at 20 out of 24 sites. All
King Billy Pine recruitment appeared to be from seed except
at Mount Read where there were apparent root suckers,
although further investigation would be required to determine
their origin. Some sites had large numbers of small seedlings
(less than c. 3 cm tall) but larger seedlings were infrequent.

Condition scores for Pencil Pine show a significant
difference between sites (Kruskal-Wallis test, p < 0.001)
with Mount Field and Mount Ironstone having a median
condition score of 3 while the other sites have a median of
4 (table 1). There is no significant difference between sites
for A. selaginoides with all sites having a median score of 4
(Kruskal-Wallis test, P-Value = 0.067).

Pine Lake (fig. 3) is the only location where condition
scores appear to be related to tree size, as measured by DBH
(Kruskall-Wallis test, p = 0.012), while Lake Mackenzie
and Mount Ironstone display a significant relationship at
the 10% confidence level. These sites are all located on the
northern part of the Central Plateau and are dominated by
Pencil Pine, although the nearby Mickeys Creek site does
not show a similar relationship.

Recruitment of the shrubby conifer species was evident
at most sites, although it was not feasible to distinguish
seedlings from root suckers. Instances where no recruitment
was observed were usually associated with very low coverage
of that particular species in the plot (e.g., only one mature
plant present). Continuous vegetative reproduction appears
to be commonplace in Drooping Pine and Dwarf Pine.
Variation in timing of surveys precludes useful comparison
of cone production between sites since the strobili (cones)
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PLATE 1

Examples of Pencil Pine, Arthrotaxis cupressoides, condition classes: (A), (B) = 4, (C), (D) = 3, (E), (F) = 2.
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A

PLATE 2
Examples of King Billy Pine, Athrotaxis selaginoides, condition classes: (A), (B) = 4, (C), (D) = 3, (E), (F) = 2.
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PLATE 3
Examples of Dwarf Pine, Diselma archeri, condition classes: (A), (B) = 4; (C), (D) = 3; (E), (F) = 2.
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PLATE 4
Examples of Drooping Pine, Pherosphaera hookeriana, condition classes: (A), (B) = 4; (C), (D) = 3; (E), (F) = 2.
p ping P
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TABLE 1

Frequency of tree condition scores by species and site.

Species Location Condition' Score Total
1 2 3 4
Arthrotaxis cupressoides ~ Cradle Valley 1 21 22
Dixons Kingdom 3 24 93 120
Lake Mackenzie 16 32 48
Mickeys Creek 3 14 19 36
Mount Field 3 35 22 60
Mount Ironstone 23 13 36
Pine Lake 4 31 37 72
Total 13 144 237 382
A. selaginoides Cradle Valley 1 9 26 36
Mount Read 27 53 80
North East Ridge 1 1 7 50 59
Winter Brook 9 46 56
Total 1 3 52 175 231
A. Xlaxifolia Cradle Valley 2 2
Mount Read 2 2
Total 2 2 4
Diselma archeri Mount Read 14 14
Total 14 14
Total 1 16 198 428 643

! Condition class ranges from 1 (dead) to 4 (good condition).

FIG. 3— Condition scores for Pencil Pine individuals ar Pine Lake related ro trunk diameter.
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are not retained on the plant for more than a few weeks,
unlike in Athrotaxis.

Dwarf Pine generally exhibited good condition, with
26 out of 30 quadrats having an average condition of 4
(fig. 4). Drooping Pine quadrats were evenly split between
those averaging 3 and 4. Ordination analysis (Belbin 1993)
indicates that aspect and slope are the most significant
variables discriminating the two groups, with good condition
(Group 2, score = 4) associated with steeper slopes and more
southwesterly aspects (fig. 5).

DISCUSSION

Size class distributions of conifer trees at the study sites indicate
continuous or episodic regeneration for Pencil Pine with more
episodic recruitment for King Billy Pine (Fitzgerald 2011),
which supports recruitment patterns previously reported for
these species (Cullen & Kirkpatrick 1988b, Cullen 1991).

Long-term recruitment failure (dating back at least until
the first half of the nineteenth century) of Pencil Pine on
the Central Plateau in open grassy montane rainforest has
in the past been attributed to high levels of grazing pressure
from wallabies (Macropus rufogriseus (Desmarest, 1817)) and
rabbits (Oryctolagus cuniculus Linnaeus, 1758), possibly due
to the removal of top order predators (Cullen & Kirkpatrick
1988a). However, recruitment observed during our study
at Pine Lake but not at similar habitat at Mickeys Creek
suggests that other factors may also play a role.

Natural processes such as intraspecific competition and
aging can influence tree condition so caution is required when
interpreting tree condition and dieback. For example, at Pine
Lake none of the largest individuals were classified in the
highest condition class, probably due to natural senescence.
Similarly the poorest condition individuals occur in the
smaller size classes and apparently reflect natural thinning.

Seasonal and interannual variations in condition and
phenology are natural phenomena and therefore robust long-
term datasets are needed to identify real trends. A further
complication is the difficulty of meaningful assessment of
tree condition in exposed environments, where trees are
deformed and defoliated by weather conditions, but may
be healthy despite having features such as dead branches (or
trunks), reduced crown size or bark stripped by ice storms.

FIG. 4 — Number of quadrats by average condition class
Jor shrubby conifer species, Diselma archeri, Microcachrys
tetragona. Pherosphaera hookeriana, and P. lawrenci.

Condition class ranges from 1 (dead) ro 4 (good condition.

Extreme events such as drought and heatwaves (White
et al. 2010) and consequent increases in fire severity and
frequency (Williams ez a/. 2009) are likely to have more
impact on conifers than shifts in mean temperature and
rainfall. Rainforest and alpine vegetation is at risk of
increased frequency and intensity of fire events if recent
trends of increased incidence of dry lightning and drier
soil conditions in western Tasmania continue (DPIPWE
2010). Predicting the locations of likely future climatic
and fire refugia for montane conifers would help inform
the conservation management of these species, especially
in terms of fire protection priorities.

In all four conifer species, both plants and seeds
are readily killed by fire. The four conifers have poor
seed dispersal which limits the possibility of successful
recolonisation (Kirkpatrick & Dickinson 1984). Although
King Billy Pine can recolonise or regenerate after fire in
some circumstances, it is more commonly eliminated by
fire (Cullen 1987). Palynological profiles provide strong
evidence for local extinctions of conifer species due to
fire and in some cases reoccupation has not occurred
after thousands of years (Cullen & Kirkpatrick 1988a,
Kirkpatrick & Dickinson 1984).

Warmer temperatures are expected to increase the altitude
of the treeline (Richardson & Friedland 2009), theoretically
resulting in subalpine forest migrating upslope. Given
the longevity and slow growth of Athrotaxis, migration of
Athrotaxis forest would be slow but the already established
shrubby Athrotaxis at higher altitudes would provide a
basis for forest development at sites previously marginal
for tree species, dependent on factors such as wind and
snow in addition to temperature (Green 2009). Observed
mortality of Snow Peppermint (Eucalyptus coccifera Hook £.)
co-occurring with Pencil Pine is likely due to severe frosts
(Cullen & Kirkpatrick 1988b), so a reduction in the severity
of frost might be expected to facilitate eucalypt invasion of
Pencil Pine woodland.

Changes in phenology are expected in response to environ-
mental change, either through physiological responses to
environmental cues or as a response to stress. Phenological

FIG. 5— Box-plots of the three most significant variables (KW
= Kruskall-Wallis statistic) discriminating between two groups
of plots based on condition scores for Drooping Pine. Group
1 is plors with an average condition class of 3 (representing
somewhat poor condition) while Group 4 plots have an average
condition class of 4 (good condition). Box represents quartiles,
whiskers are the range, vertical line is median, diamond is
mean. An eastness value of 1 = due east while -1 = due west,
similarly northness value of 1 = due north and -1 = due south.



Establishing a monitoring program for Tasmania’s montane conifers 19

changes can be variable and difficult to predict within a
species, so long-term and geographically broad datasets
are needed to determine trends (Primack et 2/ 2009). The
phenology of Athrotaxis warrants further study and it would
be informative to undertake annual monitoring of cone
production along with germination trials.

Drooping Pine produces limited quantities of viable seed
with a deep physiological dormancy which may result in a
semi-persistent soil seed bank (Wood 2011, James Wood,
pers. comm.). This is supported by field observations which
suggest that seedlings are very rare and reproduction is
largely vegetative in this species (TSS 2009).

This survey determines the current condition status across
the range of four conifer species, providing a baseline for
monitoring of spatial and temporal trends. Additionally,
dendrochronology undertaken on Athrotaxis species at
various locations provides centuries-scale data on growth
rates and responses to environmental change by these species
(e.g., Allen ez al. 2011). Long-term changes in the health of
conifers at the stand level are likely to occur over decadal
scales. If climate change is a driver of health decline, the
conifers may not show significant effects until a climatic
threshold is reached.

In the future, time series data will be analysed for long-term
spatial and temporal trends in conifer condition. The range
of monitoring sites provides replication and allows analysis
of spatial patterns in condition, particularly if combined
with remote sensing techniques. The geographic variation
between sites (e.g., altitude) also provides a surrogate for
climate and will be useful in examining the potential
influence of climatic factors on conifer health.

ACKNOWLEDGEMENTS

We thank Micah Visoiu, Bronwyn Kimber and Nicole Gill
for their willing assistance with fieldwork, often in trying
conditions. This project was funded by the Tasmanian
Wilderness World Heritage Area Program.

REFERENCES

Allen, K., Ogden, J., Buckley, B., Cook, E. & Baker, P> 2011:
The potential to reconstruct broadscale climate indices
associated with southeast Australian droughts from
Athrotaxis species, Tasmania. Climate Dynamics 37:
1799-1821.

Balmer, J., Whinam, J., Kelman, J., Kirkpatrick, J.B. & Lazarus,
E. 2004: A Review of the Floristic Values of the Tasmanian
Wilderness World Heritage Area. Nature Conservation
Report 2004/3. Department of Primary Industries Water
and Environment.

Belbin, L. 1993: PATN. http://www.patn.com.au (accessed
25 July 2011).

Botkin, D., Saxe, H., Araujo, M., Betts, R., Bradshaw, R.,
Cedhagen, T., Chesson, P., Dawson, T., Etterson, J. &
Faith, D. 2007: Forecasting the effects of global warming
on biodiversity. Bioscience 57: 227-236.

Brodribb, T. & Hill, R.S. 1998: The photosynthetic drought
physiology of a diverse group of southern hemisphere
conifer species is correlated with minimum seasonal rainfall.
Functional Ecology 12: 465—471.

Calder, J.A. & Kirkpatrick, J.B. 2008: Climate change and
other factors influencing the decline of the Tasmanian
cider gum (Eucalyptus gunnii). Australian Journal of Botany
56: 684—692.

Carpenter, R.J., Jordan, G.J., Mildenhall, D.C. & Lee,
D.E. 2011: Leaf fossils of the ancient Tasmanian relict
Microcachrys (Podocarpaceae) from New Zealand. American
Journal of Botany 98: 1164-1172.

Contreras-Medina, R. & Luna Vega, I. 2002: On the distribution
of gymnosperm genera, their areas of endemism and
cladistic biogeography. Australian Systematic Botany 15:
193-203.

Contreras-Medina, R., Morrone, J.J. & Luna Vega, 1. 2001:
Biogeographic methods identify gymnosperm biodiversity
hotspots. Naturwissenschaften 88: 427-430.

Cullen, PJ. 1987: Regeneration patterns in populations of
Athrotaxis selaginoides D. Don. from Tasmania. Journal
of Biogeography 14: 39-51.

Cullen, PJ. 1991: Regeneration of Athrotaxis selaginoides and other
rainforest tree species on landslide faces in Tasmania. /n
Banks, M.R., Smith, S.J., Orchard, A.E. & Kantvilas, G.
(eds): Aspects of Tasmanian botany: a tribute to Winifred
Curtis. Royal Society of Tasmania, Hobart: 191-200.

Cullen, PJ. & Kirkpatrick, J.B. 1988a: The ecology of Athrotaxis
D. Don (Taxodiaceae). I. Stand structure and regeneration
of A. cupressoides. Australian Journal of Botany 36: 547-560.

Cullen, PJ. & Kirkpatrick, J.B. 1988b: The ecology of Athrotaxis
D. Don (Taxodiaceae). II. The distributions and ecological
differentiation of A. cupressoides and A. selaginoides.
Australian Journal of Botany 36: 561-573.

Cunningham, S.C., Read, J., Baker, PJ. & Mac Nally, R.
2007: Quantitative assessment of stand condition and its
relationship to physiological stress in stands of Eucalyptus
camaldulensis (Myrtaceae). Australian Journal of Botany
55: 692-699.

Dahdouh-Guebas, F. & Koedam, N. 2006: Empirical estimate
of the reliability of the use of the Point-Centred Quarter
Method (PCQM): Solutions to ambiguous field situations
and description of the PCQMz+ protocol. Forest Ecology
and Management 228: 1-8.

DPIPWE 2010: Vulnerability of Tasmania’s natural environment
to climate change: an overview. Department of Primary
Industries, Parks, Water & Environment, Hobart.” 79 pp

Enright, N. & Hill, R. (eds) 1995: Ecology of the southern conifers.
Melbourne University Press, Melbourne: 342 pp.

Fitzgerald, N. 2011: Establishment report for Tasmanian
Wilderness World Heritage Area Climate Change
Monitoring Program: Montane Conifers. Nature
Conservation Report Series 11/06. Resource Management
and Conservation Division, DPIPWE, Hobart: 96 pp.

Gibson, N., Barker, P, Cullen, P. & Shapcott, A. 1995: Conifers
of Southern Australia. /z Enright, N. & Hill, R. (eds):
Ecology of the southern conifers. Melbourne University Press,
Melbourne: 223-251.

Green, K. 2009: Causes of stability in the alpine treeline in the
Snowy Mountains of Australia — a natural experiment.
Australian Journal of Botany 57: 171-179.

Grose, M., Barnes-Keoghan, I., Corney, S., White, C., Holz,
G., Bennett, J., Gaynor, S. & Bindoff, N. 2010: Climate
Futures for Tasmania: general climate impacts technical
report. Antarctic Climate and Ecosystems Cooperative
Research Centre, Hobart, Tasmania: 72 pp.

Hill, R.S. 1998: ‘Gymnosperms’ — the paraphyletic stem of seed
plants. /n McCarthy, PM. (ed.): Flora of Australia, Volume
48: Ferns, Gymnosperms and Allied Groups. Australian
Biological Resources Study/CSIRO, Canberra: 505-525.

Hill, R.S. & Orchard, A.E. 1999: Composition and endemism
of vascular plants. /n Reid, J.B., Hill, R.S., Brown, M.].
& Hovenden, M.]J. (eds): Vegetation of Tasmania. Flora
of Australia Supplementary Series Number 8, Australian
Biological Resources Study, Canberra: 589-124.

Jordan, G.J. 1995: Extinct conifers and conifer diversity in the Early
Pleistocene of western Tasmania. Review of Palaeoborany

and Palynology 84: 375-387.


http://www.patn.com.au

20  Nicholas B. Fitzgerald and Jennie Whinam

Jordan, G.J., Brodribb, T.J. & Loney, P.E. 2004: Water loss
physiology and evolution within the Tasmanian conifer
genus Athrotaxis (Cupressaceae). Australian Journal of
Botany 52: 765-771.

Kirkpatrick, J. 1996: Alpine Tasmania: An llustrated Guide to the
Flora and Vegetation. Oxford University Press, Melbourne:
196 pp.

Kirkpatrick, J., Bridle, K. & Dickinson, K. 2010: Decades-
scale vegetation change in burned and unburned alpine
coniferous heath. Australian Journal of Botany 58: 453—462.

Kirkpatrick, J. & Dickinson, K. 1984: The impact of fire on
Tasmanian alpine vegetation and soils. Australian Journal
of Botany 32: 613-629.

Mitchell, K. 2007: Quantitative analysis by the point-centered quarter
method. Department of Mathematics and Computer
Science, Hobart and William Smith Colleges, New York.
34 pp. http://arxiv.org/pdf/1010.3303.pdf

Primack, R.B., Ibdiiez, I., Higuchi, H., Lee, S., Miller-Rushing,
AlJ., Wilson, AM. & Silander, J.A., Jr. 2009: Spatial
and interspecific variability in phenological responses
to warming temperatures. Biological Conservation 142:
2569-2577.

Read, J. & Busby, J.R. 1990: Comparative response to temperature
of the major canopy species of Tasmanian cool temperate
rainforest and their ecological significance. II. Net
photosynthesis and climate analysis. Australian Journal of
Botany 38: 185-205.

Richardson, A.D. & Friedland, A.J. 2009: A review of the theories
to explain Arctic and alpine treelines around the world.
Journal of Sustainable Forestry 28: 218-242.

Souter, N.J., Cunningham, S., Little, S., Wallace, T., McCarthy,
B. & Henderson, M. 2010a: Evaluation of a visual
assessment method for tree condition of eucalypt floodplain
forests. Ecological Management ¢ Restoration 11: 210-214.

Souter, N.J., Watts, R.A., White, M.G., George, A.K. & McNicol,
K.J. 2010b: A conceptual model of tree behaviour improves
the visual assessment of tree condition. Ecological Indicators
10: 1064-1067.

TSS 2009: Listing Statement for Pherosphaera hookeriana (drooping
pine). Threatened Species Section, DPIPWE, Hobart: 6 pp.

Whinam, J., Chilcott, N. & Rudman, T. 2001: Impacts of
dieback at Pine Lake, Tasmania. Papers and Proceedings
of the Royal Society of Tasmania 135: 41-50.

White, C., Sanabria, L., Grose, M., Bennett, J., Holz, G.,
Mclnnes, K., Cechet, R., Gaynor, S. & Bindoff, N. 2010:
Climate Futures for Tasmania: extreme events technical
report. Antarctic Climate and Ecosystems Cooperative
Research Centre, Hobart, Tasmania: 88 pp.

Williams, R.J., Bradstock, R.A., Cary, G.J., Gill, A.M,,
Liedloff, A.C., Lucas, C., Whelan, R.J., Andersen, A.N.,
Bowman, D. & Clarke, P.J. 2009: Interactions between
climate change, fire regimes and biodiversity in Australia:
a preliminary assessment. Report to the Department of
Climate Change and Department of the Environment,
Water, Heritage and the Arts, Canberra: 208 pp.

Williams, S.E., Shoo, L.P, Isaac, J.L., Hoffmann, A.A. &
Langham, G. 2008: Towards an integrated framework for
assessing the vulnerability of species to climate change.
PLoS Biology 6: €325.

Wood, J.A. 2011: RTBG Germination Database. http://www.
rtbg.tas.gov.au/tasgerm (accessed 27 July 2011).

Yuan, Z.Q., Rudman, T. & Mohammed, C. 2000: Pseudophacidium
diselmae sp. nov. isolated from stem cankers on Diselma
archeri in Tasmania, Australia. Australasian Plant Pathology
29: 215-221.

(Accepted 7 August 2012)


http://arxiv.org/pdf/1010.3303.pdf
http://www.rtbg.tas.gov.au/tasgerm
http://www.rtbg.tas.gov.au/tasgerm

21

Establishing a monitoring program for Tasmania’s montane conifers

auoN Eele) ados pyN amjo ddd 061 01 00d ¥811 195/8¢€¢ L6105y €OdANT SIZUNIBIN e
sre>s s3erg  weansporg  adogg piNy amppo Add 01 ¢ 00d LH11 619/8¢€¢S SSL6Yy  TOddNT SIZUNPEIN ME]
auoN] adofssnper,  adofg samoy amwppoq Add 00T ¢ Vo4 (4481 07698¢¢ L0T6%%  T0ddNT AIZUNPEIN HE
auoN »RO adors pyN ampo ddyd 0y1 9 o4 o<1 €8169€¢ ¢80TFy  OIddMA  WdesnIaf Jo syreay
auoN PPO adoyg 1oddny o ddd 0.1 (A DOd 97€1 £TT6IES 10€THy  60ddMA  wolesnid[ jo sjes
auoN 2RO adoys pIN o ddyd 091 e 00d <611 £S189€¢6 1T6T9% 80D wRpesadf Jo s[ep
auoN Seile) adofg 1omory o ddd 012 (A 00d 0911 106£9€S 8SITHY  L0ddMA  wdesnIaf Jo s|TEA
auoN Sog adofg 1omory o ddd 0.1 ¢ o4 LL11 TS089€S 6Y€THy  90ddMA  woesnIaf Jo S|EA
auoN adoys snpe, adors Iy o AT 07T 9 00d 6871 05069¢€$ 878THy  SOAdMA  wWoesnIdf Jo s|EM
auoN »RO adors pry amdpo ddd 0¢1 L 04 6€T1 6¥989¢¢ CHETHY  P0dINA  WIEsnIaf Jo s[reay
auoN 2PO adors pry Ao ddd 0Tl i 00d 09C1 $1689¢S YLCTHY  €OADNA WRresnIdf Jo s[re
auoN #RO adois prA sl ddd 0s1 01 Vo4 9971 T6689€S 06%Tyy  T0AdIA  Wo[esTId[ Jo S[rEA\
auoN 2RO adors pry ol ddd 0€1 81 Dod 611 TLO6IES [BSTYY 104D woresnaaf Jo s[ep
ISIY0G/211731BN )
suoN Eile) adofg 1omory 1 D ddd 061 8T 00d 9%8 18€16£S 067¢1y  10ddAD AreA d1pesD
auoN Etile) adois pry I8IYRG ANZIENY) O 091 8 00d 9¢6 88668€S 168117  H09MAD ASreA 21perD
auoN PO adois Iy ISIYOG /ouZATEN) SRS <91 01 00d ¥6 $$668€S Ce611y  €OTAAD ASreA a1pesD
auoN 2RO adors pry ISIYRG /ou7AIEN) A 0$T <1 00d $101 79506£¢$ YOIETy  TOOMAD £IreA 2perD
auoN »RO adors pry ISTYRS /ou7AIENY) O 091 <1 04 066 L9%06£S LSTETH  TODIAD A[reA aperD
auoN ehile} adors pry I [erED HOH 0¢ 01 w QT X 01 6yT1 06598¢¢S 991T1%  90HOWD nea1E|] APEI)
auoN elle} a8pry ISIYRG /PNZATENT) HOH 01 z w QT X 0T 0871 £9€98¢¢ €50T1%  SOHDD ne2e|] APeI)
suoN ®PO adoyg 12ddny IS /AZIIEN) HOH 001 4 w L X0l 8/71 09798¢¢S 6S121%  $YOHOWD neaye[q A[perd)
auoN 2RO adoyg pr ISIypg/ANZIIEND HOH 43 L w1 X 01 6€T1 £9£68€¢S /8¢T1y  COHDNO ne2e|] IPeID)
suoN Eile) adofg 1omory ISIYRG /PNZATENL) HOH 0/T ¢ w Q[ X0l zeel €€/$8€¢S [T1T1%  TOHDWO nea3e|] IPeI)
auoN Eile) adois pry SIS PIZAIENY) HOH 00¢ L w Q[ x01 ezl C0LS8ES ¢11T1y  10HDOWD ne2e|] APeID)
AOLSTH e NOLLISOd ADOTOTO DIASVL  IDHISY HdOTS  HdALIOTd  ~ATTH ONIHINON ONLISVE  ALIS NOLIVDOT

*s1o0[d Surroyruour J9J1U0S J0J S[IEIdP NI
I XIANdddV



Nicholas B. Fitzgerald and Jennie Whinam

22

auoN sdog sney,  adofs 1m0 o A 0¢ 01 w1 X Q] 8071 8966/T¢ $8¥¥9%  LOHOAW PPL Yunoly
steos s3erg weansyporg  2dofs amo] Ao AdI 00T ¢ 00d Izl L169/€S 066¥.%  €0ddDW 32210 SABPIN
s1eds ‘s3e1g Sog ) L[ mm\w%@ I 00d 0121 CT69LES L80%Ly  TOJIOW 2210 SAIPIN
steds ‘seig adoyg sney, adors Iy awppoq ddd 081 ¢ Vo4 97zl €0LLE¢S 088y  T0ddOW 2210 SABPIN
auoN 2PO a8pny suoisawry SN 091 ¢ Vo4 6801 0/79%T¢ 6T€FSy  SODIVIN suuy JUnopN
auoN PPO ados 12ddp) auoISIWI] Ol 949 94 DOd L6 T6L9¥%TS 011%SHy  FODIVIN duuy JUNojy
suoN 2PO adogs iy suosowry O 0¢¢ 0z Vo4 768 S689%¢S y60¥Sy  COMIVIN suuy JunopN
auoN 2RO adoys pry suosawry Ol 01¢ T 00d 978 yS0LYTS 9¢0¥Sy  TODIVIN suuy Junop
auoN Eile) adoys pry suoIsawr] O o1¢ €1 00d 08/ C81¥TS €96¢5y  LODIVIN suuy Junopn
auoN #PO adoys 12dd [0 e[S HOH 08¢ L w Q[ X (I 876 9THEYTS LL1SSy  STHOVIN suuy Junop
auoN 2RO adoys 1amo] T [ee[D wwmm 081 8 w Q[ X (T 06 €6£€HTS €LT$Sy  FTHOVIN suuy Junop
auoN Sog L T [ee[D HOH 0T 1 w QI x0T 916 196€5TS 19SSy STHOVIN suuy Junop
1s1yos /aazarenb NIN
auoN PO adosraddn qm eroed a0 /HOH 0¢ 9 wOr X Q[ 943 TEYERTS PSSy CITHOVIN duuy WUnojy
auoN 2RO Ao 10 [e1e[D HOH 001 9 wQrx Q] 626 96£€¥7S TISSSy  1THOVIA suuy JunopN
suoN 2RO adoys pry o HOH 0 8 w Q1 X Q[ 001 LOSHYTS 879¢¢%  OITHOVIN suuy Junop
auoN 2PO adoys pry o HOH 0T ¢ w Q1 X Q[ <601 C8FHHTS ¥Peesy  GOHOVIN suuy Junop
auoN adoyg snper, adoys pIy o HOH 0T 0¢ w Q[ X QI 1811 LYYYTS 79Ty SOHOVIN suuy Junop
auoN 2RO Ao amppo HOH oyl 4 w Q[ x 01 £021 $S9€HTS €1/7Sy  LOHOVIN suuy Junopy
auoN 2RO adoys 12ddny o HOH 0zl w w Q[ x Q1 8¢Tl T6LEYTS 80/TS%  90HOVIN suuy Junop
auoN 2RO a3pry o HOH 0S1 ¥ w QI x0T 871 868EHTS L€9TSY  SOHOVIN suuy Junop
auoN 2RO a8pny o HOH 0z il w QX Q] 1621 C9PEHTS 079y HOHOVIN suuy Junopy
auoN hile} adoys 12ddp) sl HOH 0¢ o1 w Q[ xQ] (4741 96HEYTS 9¥Tsy  COHOVIN suuy JunopN
auoN 2RO adogs soddny o HOH Sy 9 w Q1 X Q[ y921 $95EYTS €6¥TSy  TOHOVIN suuy Junop
auoN Etile) ados pIy o HOH 0% 81 w Q1 X Q[ 0¢T1 CeSERTS £15TSy  1OHOVIN suuy Junop
sieog s3mag  adojgsner,  adofs :mo] o ddd 061 ¢ o4 4381 TI1/8€S 6005y  HOAINT SIZUNIBIN e
E%%WE .H\M_wwm NOLLISOd ADOTOED DAASVL IOAdSV ddOTS  AdALIOTd  ~AZTd ONIHINMON ONLLSVA  ALIS NOLLVOOT

Juod 1T XTANAdIV



23

Establishing a monitoring program for Tasmania’s montane conifers

sseis spovrouqay QO a3pry SoLuEd[0A PR 1N O 0L <€ Dod €96 1$YL9€S 604LL8  90DANW pray 1unopy
auoN PO adoys pry SoLuED[0A PERY 1N O 0€T €1 0od 896 8¥999¢¢ €76//€ SO peay 1unopy
auoN le} adojs addn)  sotueojoa peay 1N ERR 081 L Dod 6601 98799¢€¢ 196846 HOTAN peay 1unopy
auoN »RO Ao SOLUED[OA PERY 1N EpR 01 z 00d 016 £1569¢€S $798/6 SO peay wnopy
auoN RO adoys pry ITIoA PR I O 087 8 Dod 9.6 ¥8999¢¢ pESLLE  TODN peay Junopy
auoN PO sdojs ;add)  “somueojon peayy 1N DI 07T i Dod 768 66759€S €%98/6  TODNN peay 1umopy
auoN PPO a3pry SOLUEI[0A PR IN HOH 00T 8 w7 X 0T 001 8€T99€¢ 6958/ TOHDIN pray 1unopy
SuoN 2PO adops 1addpy  soruedj0A PR I EN ¢ w L x Q[ ¥/01 9$199¢¢ 80/8/¢  TOHOUN pey 3unopy
auoN weonsypolg  2dofs pry o Add 0€¢ 9 Dod €Tel y1YE8ES TTILSY  €0ddIN duoIsuOI] N0
auoN weonsypolg  2dofs pry o A 0€¢ ¥ DOd 6Tl £9€€8¢€¢ S614Sy  TOJAIN duoISUOI] UNOJN
auoN weonsypolg  2dofs pry Lo Add 9 0od 6¢T1 €CTERES 9¢0/Sy  10ddIN duoISUOI] N0y
auoN RO adogs 1omor] amjoq B 0¢ 4 00d 911 ¥L09/TS T66€9%  SOddAN PloL] 2unopy
auoN PO adoys 1omory amjq A 05T 9 Dod 1711 €697 611%9%  H0dddW Plo1 1unoly
auoN Ele} adofs 1omor] st Add 0zl 8T Dod 6¥11 $789/76 TL6€9%  €0ddAN PIoH] 2unojy
auoN PPO adoys pry o Add 082 9 Dod 811 1695£TS ¥8¢H9y  TOAdIW PPI wunopy
auoN odofs snper,  adofs 1omo] o Add 0¢ 01 Dod 8071 8956/T6S 8yy9%  10dddN PPoL 1unoly
auoN elle} adoys pry o HOH 001 I w1 X 01 €Tel 109%£TS 10859%  OTHDAW PIPL] 2unoly
auoN e} adoys 1oddny Lo HOH 0% 1 w1 X 01 el 6LS¥.LTS 19969%  60HOAW PIPLI 2unoy
auoN] »RO a83pry Lo HOH 0z < w1 X 01 0671 0£0¥.£TS £9559%  8OHOAW Plo1 Junopy
auoN weansyporg  adoys saddp Lo HOH 061 9 w1 X0l 1621 yECELTS €989y LOHOAW PIPLI 2unoly
auoN »RO ados 12ddny [ HOH 0¢¢ ¢ w QI x0T €Tl LTEELTS €9659%  90HOAW PPL] 2unoy
auoN ®PO LI amsjo HOH 091 I w1 X 01 yLTl 156€LTS 9¥8¢9%  SOHOAN PPL wunopy
auoN 2RO LI o HOH 091 z w1 x0T yLT1 120%.TS ¥€89%  YOHOAN PPoL 1unopy
auoN] adops snpgy,  odofs somor] o Add 0zl 81 w1 X 01 6¥11 $T89.TS TL6E9Y  €OHOANW PIPL] 2unoly
auoN adoys snpey, adoys pry o HOH 067 @ w1 X 01 02zl 805476 L0679y TOHDAW PPoL Junopy
E%%WE .H\mﬁwm NOLLISOd ADOTOTD DIASVL IDHdSY ddOTS  HdALLOTd  ~AZTd ONIHINON ODNILSYA  ALIS NOLLYDOT

u0d 1 XTANAdIV



Nicholas B. Fitzgerald and Jennie Whinam

24

SUON PPo e arerowo3uo) TINY 0 0 00d 129 00911%S LST91¥ 90dMdA HO0IGIIUIA
SUON PYRO adoys pry aerwo[3uo) DN 0s¢ L 00d S0 L9%01%¢ I8y 1Y SogaM A00IqIITL/X
SUON PPRO adorg pry aerwo3uo) D (1149 8 00d L0L SYY01%S 69Ly1¥ yodddM A00IqINUL/XN
SUON PYRO ados pyN aerwo3uo) D 0r¢ 0¢ 0Od €L 1ST01¥S 199454 COaIA Joorqrarur
SUON PPo adorg pry erwo|3uo) I 0L 9! 0od L08 $0201%S Iyeyly coaxdMm HOOIGINUIA
SUON PPO adoig pry erwo[3uo) D 0% 81 0od 6¢8 89101%S 160%1% roaxdm ooIqIuLX
SUON Sog e el AT 0¢$ (4 00d G611 $9/8L¢S yy0SLy 90dd'Td e Auld
SUON weansyRofg adoig Iy el ddd 08 8 00d €0TI 0888LES L18YLy S0dd'Td e 2uld
s1e9g ‘s3e1g WeansyRo[g el el AT OIT ¥ 00d 8611 6868LES Ly6YLY 0dd'Td ST 2uld
SUON WeanIsy20[g el R0 ddd S6 ¢ 00d 9611 0606.€$ 6T0SLY €0dd'1d ST 2uld
sxe3s ‘s3e1g weansypo[g Rk g AT 0L 4 00d G811 80€8LES 6YLSLY 20dd’1d e AUl
SUON weansyRo[g adofs 1omor] R0 A 01 [4 00d S611 6EY8LES (454954 10dd'1d ST 2uld
SUON PYRO el 910 s 86¢ 0 wgxos 016 PII6YCS L6SLYY TOHOYN 1oATY 2AIN
sSers sexwr04qry PPO adoyg iy SOIUES[OA PR IN Ok 06¢ se 0od £96 GEELIES TLILLE SOIN pey UnoN
sSers spxwr04qry PPO adogs 1oddny SOTUEI[O0A PERY IN I 04t 81 0od Ly6 9T€L9¢6 06SLLE LODIN peay] unop
>M%MWWHI .M\M_wwm NOILISOd ADOTOID OHASVL  1OddSV  ddOTIS HdAL LOTd NATTd  ONIHIMON ONILSVA 4LIS NOILVOOT

uod 1 XTANAdIV



