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Abstract: Large old trees are critical structures in the Mountain Ash forests of the Central Highlands of Victoria. They perform
many critical ecological and other roles. Populations of these trees are also in serious decline. A range of key management

strategies is needed to arrest the decline of existing populations of large old trees and instigate population recovery. In particular
all existing large old trees need to be properly protected with adequate buffers of uncut forest. In addition, all stands of old-
growth forest, irrespective of their size, need to be protected to ensure they are not logged. The size of the old-growth estate
also must be expanded so that it encompasses at least 30%—50% of the distribution of Mountain Ash. Finally, the recruitment
of new cohorts of large old trees is critically important to replace existing trees when they are lost. To achieve this, large areas
of existing regrowth forest that regenerated after the 1939 fires need to be excluded from logging and grown through to an old-
growth stage. Implementation of altered management in Mountain Ash forests is urgent, as delays in policies will exacerbate
the decline of this significant population of large old trees in south-eastern Australia.
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INTRODUCTION

Large old trees are among the biggest and longest-living
organisms on earth and occupy a revered position in
the human psyche, appearing often in iconography, art,
books, films and other cultural expressions (Blicharska &
Mikusinski 2014). Large old trees also play numerous key
ecological and ecosystem roles and have a major influence
on hydrological regimes, nutrient cycles, disturbance
regimes, and the distribution and abundance of populations
of their own and other species (Lindenmayer et al. 2014b).

Populations of large old trees are susceptible to a wide
range of threats and their conservation poses enormous
challenges for resource managers (Lindenmayer et al.
2014b; Lindenmayer & Laurance 2016). Some of the
ecological roles of, threats to, and conservation challenges
associated with large old trees are well illustrated in the
wet ash-type eucalypt forests in the Central Highlands
of Victoria. The large old trees in this ecosystem, and in
particular, Mountain Ash (Eucalyptus regnans) trees are
the focus of the remainder of this short paper. However,
large old trees in other ecosystems in Victoria are also in
rapid decline, such as those dominated by Alpine Ash (E.
delegatensis) (Lindenmayer et al. 2016) and River Red
Gum (E. camaldulensis) (Newton-John 1992).
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CASE STUDY OF LARGE OLD TREES IN
VICTORIAN MONTANE ASH FORESTS

Mountain Ash trees are the tallest flowering plants on
the earth, with trees exceeding 100 metres in height and
34 metres in girth having been recorded in the Central
Highlands of Victoria (Ashton 1975). Mountain Ash
typically occurs in monotypic stands, although at low
elevations it occurs with Mountain Grey Gum (Eucalyptus
cypellocarpa), Messmate (E. obliqua), and Red Stringybark
(E. macrorhyncha). At higher elevations, Mountain Ash
stands also support Alpine Ash (E. delegatensis) and
Shining Gum (E. nitens) trees. Mountain Ash typically
occupies a different bioclimatic niche relative to these
other tree species (Lindenmayer et al. 1996). For example,
Mountain Ash stands occupy locations with higher values
for the minimum temperature of the coldest month and the
mean temperature of the coldest quarter compared with
the other eucalypt taxa listed above (Lindenmayer et al.
1996; Lindenmayer 2009). Recent work has shown that the
abundance of large old Mountain Ash trees is greatest in
a subset of the overall environmental niche occupied by
the species (Lindenmayer et al. 2016). In particular, wet
areas (as reflected by high values for topographic wetness),
as well as places on steep slopes with either an easterly
or westerly aspect, support significantly more large old
trees than elsewhere in forest landscapes dominated by
Mountain Ash (Lindenmayer et al. 2016).
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Ecological and other roles of Mountain Ash trees in the
Central Highlands of Victoria

Large old Mountain Ash trees have a wide range of key
ecological and other values. Their value as habitat for
numerous cavity-dependent mammals and birds has
been well documented, including critically endangered
animals such as Leadbeater’s Possum (Gymnobelideus
leadbeateri) (Lindenmayer et al. 1991b; Lindenmayer
2009; Lindenmayer et al. 2014a). They also are important
habitat for many other species, including reptiles and plants
(Pharo et al. 2013; Lindenmayer et al. 2015).

Large old Mountain Ash trees have a wide range of
other important ecological values. For example, they
produce significantly more flowers than younger Mountain
Ash trees, with likely corresponding impacts on animals
dependent on flower-based resources. Many species of
large old trees produce massive seed crops, with positive
relationships between increasing tree size with allocation
to reproduction being a widespread phenomenon globally
(Wenk & Falster 2015). Mountain Ash appears to follow
this pattern and recent work has indicated that, following
wildfire, the prevalence of germinants and seedlings is
significantly greater in burned old growth stands than in
forests that were of younger age at the time of fire (Smith
et al. 2013; Smith et al. 2016).

Large old trees have critical roles in nutrient cycling,
particularly the carbon cycle. Keith et al. (2009) suggested
that Mountain Ash forests are the most carbon-dense forests
on earth. They store vast amounts of carbon, particularly
when they have not been disturbed by industrial logging
(Keith et al. 2014). As in many forest types globally,
large old trees contribute a significant proportion of the
total carbon biomass stored in individual forest stands.
Moreover, work by Koch et al. (2015) demonstrated that
the largest and oldest trees continue to accumulate very
large amounts of biomass right up to the time of apical
crown collapse, even though these trees are often also the
most decayed individuals.

Large old trees are critical in hydrological cycles, with
much of the water for the city of Melbourne derived from
water catchments dominated by Mountain Ash forests or
other ash-type eucalypts (Viggers et al. 2013). There are
well-established positive relationships between the age of
stands and the water yield (Langford et al. 1982; Vertessy
et al. 2001). That is, catchments dominated by old-growth
forests produce significantly more water than those where
the forest cover is primarily young forest (O’Shaughnessy
& Jayasuriya 1991).

Mountain Ash forests have significant cultural values,
and large old trees in these forests have featured in many

Figure 1: ‘Near Fernshaw’ by Louis Buvelot.
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artworks, both historic and contemporary. The painting
‘Near Fernshaw’ that the Swiss artist Louis Buvelot
created in 1873 is one of several classic landscape works
depicting Mountain Ash forests (Figure 1). Large old trees
also feature in many written historical accounts of the
lives of white settlers in Mountain Ash forests, including
those of extensive past timber cutters (e.g. Houghton 1986;
Evans 1994). There are also classic historical photographs
of large old trees, such as the now collapsed Furmston Tree
surrounded by the entire townsfolk of Fernshaw (Figure 2).

Tourism has always been important in the Central
Highlands region, with towns such as Marysville having

a long connection with the tourism industry. Large old
trees are key attractions in Mountain Ash forests. Current
extraordinary individual trees with high visitation rates
include the Kalatha Giant in Toolangi State Forest, the

Figure 2: Furmston tree. Image from the State Library of Victoria.

Big Tree in the Tall Trees Reserve at Cambarville, east of
Marysville, and the Ada Tree in Powelltown State Forest.

Mountain Ash trees are used extensively in the
production of paper as well as some timber products
(Flint & Fagg 2007), although recent analyses based
on formalised international environmental accounting
procedures indicate the economic value of forest for water
and tourism far exceed the value of the forest for paper and
timber (Keith et al. 2016).

Threats to populations of large old trees in the Central
Highlands of Victoria

Populations of large old trees are in serious decline in the
Mountain Ash forests of the Central Highlands of Victoria.
Recent analyses have indicated that 41% of large old trees
first measured on 166 long-term monitoring sites in 1997
had collapsed by 2015 (Lindenmayer et al.
2016). Current, empirically-based projections
(based on the unlikely assumption of no
fire and no logging in the next five decades)
suggest that the abundance of large old trees
will decline from an average of seven trees per
hectare in 1997 to less than one per hectare by
2065 (Lindenmayer et al. 2015). Indeed, given
this level of decline and that large old trees are
keystone structural attributes (sensu Tews et al.
2004) in Mountain Ash forests, recent [IUCN
Ecosystem Assessment protocols (see Keith et
al. 2013) indicate that Mountain Ash forests
should be formally classified as Critically
Endangered (Burns et al. 2015).

Many, often interacting,
human factors (see Figure 3) are driving the

natural and
well-documented collapse
of large old trees in Mountain Ash forests.
Past and present logging is a major driver of
decline. Clearfelling is the predominant form

in populations

of logging in Mountain Ash forests (Lutze et
al. 1999; Lindenmayer et al. 2015) and large
old trees are generally not cut down in these
operations. However, many hundreds of
large old trees are destroyed annually by the
high-intensity burns lit to regenerate logged
forests after clearfelling (Lindenmayer et al.
2015). In addition, the clearfelling of forests
increases the susceptibility of retained trees
to collapse through exposure and blowdown
(Lindenmayer et al. 1997). Notably, recent
empirical work indicates that abundance of
collapsed large old trees is highest in young
forests that have been subject to past logging

(Lindenmayer et al. 2016). A further effect
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of logging is that harvesting removes trees before they
reach an age where they can become large old trees;
that is, it impairs the recruitment of new cohorts of large
old trees (Lindenmayer et al. 2012). Finally, logging
increases the risk that future fires in Mountain Ash
forests will be crown-scorching conflagrations that kill
or even completely consume large old trees (Taylor et al.
2014). The landscape-wide effects of logging operations
on the abundance of large old trees in Mountain Ash
forests have been quantified in recent analyses, which
indicate that forests in unlogged protected areas support
significantly greater numbers of such trees than areas in
wood-production forests (Lindenmayer et al. 2016).

Fire is another driver of decline in populations of
large old trees in Mountain Ash forests. Large old dead
trees are significantly less abundant on sites that have
been burned (Lindenmayer et al. 2016), with dead trees
often completely consumed by fire. In addition, burned
sites can be subject to post-fire salvage logging which has
been shown to further elevate rates of loss of large old
trees (Lindenmayer & Ough 2006). The effects of fire on
large old tree populations are magnified by the status of the
forest at the time it is burned. For example, young forests
tend to burn at higher severity than old forests (Taylor et
al. 2014) and this can have negative effects on scattered
large old trees that occur in stands dominated primarily
by younger trees that are created by logging operations.
Conversely, fire in old-growth stands can kill or badly
damage large old trees, but nevertheless create a pulse of
trees which, if they remain standing, continue to store large
amounts of carbon as well as eventually become suitable
habitat for cavity-dependent fauna.

The development of industrial human infrastructure
is a threat to large old trees in Mountain Ash forests.
For example, the construction of fire breaks in Mountain
Ash forests has led to the destruction of numerous large
old trees (see Lindenmayer et al. 2015). Similarly, roads
constructed to facilitate logging operations also can have
a direct negative impact on large old trees through forest
clearing.

Climate change is a significant threat to the occurrence
and abundance of large old trees in Mountain Ash forests.
Previous modelling has indicated that altered rainfall and
temperatures associated with climate change will reduce
the area supporting suitable environments where the
species can grow (Lindenmayer 1989; Mackey et al. 2002),
especially given the relative narrow bioclimatic domain in
which the species occurs. Large old trees may be particularly
susceptible to changes in environmental regimes as global
analyses suggest that intra-specific competitive pressures
mean that these trees often operate at the margins of
their physiological drought tolerance (Choat et al. 2012).
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Figure 3: Interacting drivers of large old tree decline in the
Mountain Ash forests of the Central Highlands of Victoria.

Indeed, during the period 2004-2011, almost 25% of large
old living trees on long-term monitoring died on sites that
remained unburned by the 2009 wildfires (Lindenmayer
et al. 2012). Much of this period spanned the Millennium
Drought, characterised by extreme temperatures and
limited rainfall, and such widespread patterns of large old
tree mortality were ten times the expected background
rates for these cohorts of trees.

There can be important interactions between some of
the key drivers of decline of large old trees in Mountain
Ash forest. Interrelationships between logging and the
risk of elevated fire severity in young forests regenerating
after harvesting have been discussed above (see also
(Lindenmayer et al. 2009a; Taylor et al. 2014). Logging
following fire (i.e. salvage logging) is another important
interrelationship between drivers of decline of populations
of large old trees (Lindenmayer et al. 2008). There are also
interactions between logging, fire and the development of
human infrastructure, as roads need to be constructed to
facilitate harvesting operations and this can, in turn, not
only lead to the direct removal of trees but also increase
potential point sources for fire ignitions by arsonists
(although roads are also important for fire suppression
efforts). Some drivers of large old tree loss interact with
the effects of climate change. For example, relationships
between increasing temperatures, reducing rainfall and
the increased prevalence and severity of wildfires are well
established for south-eastern Australia (Williams et al.
2009; Cary et al. 2012).
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Challenges to the management and conservation of large
old trees in the Central Highlands of Victoria

The conservation of large old trees in Mountain Ash forests
represents a significant challenge for forest, wildlife and
reserve managers. This is because many things need to be
done to arrest and then reverse the current trend of rapid
population decline. The three most important actions are
briefly outlined below.

First, all remaining large old trees must be adequately
protected. This means not only preventing them from being
cut down (this is still occurring in some places), but also
buffering them from logging in the surrounding landscape.
Buffers of uncut forest measuring 100 metres in radius
have been proposed to protect each individual large old
tree (Lindenmayer et al. 2013). Such protection measures
are critical because it takes so long (centuries) to replace
large old trees if they are lost. The focus on strategies to
protect all existing large old trees must not be diverted by
attempts to replace some of the key ecological roles of
large old trees with ‘engineering-style’ solutions for which
medium- to long-term effectiveness remains unknown.
The provision of cavities for hollow-dependent fauna
through the establishment of nest boxes is an example
(Lindenmayer et al. 2009b) and the attention given to them
is ecologically nonsensical — and cost-ineffective (see
McKenney & Lindenmayer 1994), while large old trees
continue to be lost as a result of direct human management
actions, including logging.

Second, all areas of old growth need to be protected as
this is where the abundance of large old trees is greatest
in Mountain Ash forests (Lindenmayer et al. 1991a;
Lindenmayer et al. 2016). Old growth protection must
include small patches of old forest (such as those less
than 1 ha in areas) but which are currently at risk of being
logged. Moreover, the marginal value of large old trees,
particularly for biodiversity, may be higher where these
trees are limited in abundance (Fischer et al. 2010). The
protection of all areas of old growth forest, irrespective of
the area of such stands, is particularly critical in Mountain
Ash forests given that the current area of old growth is
just 1.16% of the entire forest estate or 1/30th—1/60th of
what it was historically (i.e. prior to white settlement)
(Lindenmayer et al. 2015). Indeed, given the limited size
of the old-growth estate, a crucial forest management
strategy must be to undertake extensive ecosystem
restoration and regrow large and continuous areas of old
growth Mountain Ash forest (Lindenmayer et al. 2013).
This has other key advantages; for example, a larger old
growth estate will have fire suppression benefits as well
as creating potentially suitable post-fire habitat for animals
such as Leadbeater’s Possum (Lindenmayer et al. 2013;

Lindenmayer et al. 2015). In addition, an increased old
growth forest estate would have major ecosystem service
benefits (Lindenmayer et al. 2015) such as increased levels
of carbon storage (Keith et al. 2014) and water production
(Vertessy et al. 2001; Viggers et al. 2013).

A major strategy for recovering populations of large
old trees is to ensure adequate recruitment of new cohorts
of such trees (Gibbons & Lindenmayer 1996). Logging
can significantly impair the recruitment process in wood
production forests (Lindenmayer et al. 2012). In Mountain
Ash forests, the next nearest stands of old growth forest
(and hence cohorts of large old trees) are the areas of 76-
year old regrowth stands that regenerated after the 1939
Black Friday wildfires. There is a critical need to exclude
logging from extensive areas of 1939-aged Mountain Ash
forest to not only better conserve existing large old trees in
these forests, but also to recruit new cohorts of large old
trees as well as significantly expand the old growth forest
estate (Lindenmayer et al. 2015).
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