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Abstract: Natural forests have many ecological, economic and other values, and sustaining them is a
challenge for policy makers and forest managers. Conventional approaches to forest management
such as those based on maximum sustained yield principles disregard fundamental tenets of eco-
logical sustainability and often fail. Here we describe the failure of a highly regulated approach to
forest management focused on intensive wood production in the mountain ash forests of Victoria,
Australia. Poor past management led to overcutting with timber yields too high to be sustainable
and failing to account for uncertainties. Ongoing logging will have negative impacts on biodiversity
and water production, alter fire regimes, and generate economic losses. This means there are few
options to diversify forest management. The only ecologically and economically viable option is to
cease logging mountain ash forests altogether and transition wood production to plantations located
elsewhere in the state of Victoria. We outline general lessons for diversifying land management from
our case study.

Keywords: sustainable forest management; forest history; pattern and process; fire regimes; biodiversity;
ecosystem values

1. Introduction

The world’s forests play critical roles in water cycles, carbon storage, wood production,
and biodiversity conservation [1–3]. How forests are managed can have profound impacts
on these roles, particularly where uses such as wood production conflict with other goals
such as the protection of biodiversity [4], the maintenance of carbon stocks [5,6] or the
supply of water for human consumption [7]. Long-term maintenance of the range of values
of natural forests is a key part of ecologically sustainable forest management [8,9], where
ecologically sustainable forest management can be broadly defined as:

Forest management that perpetuates ecosystem integrity while continuing to provide
wood and nonwood values. In this context, ecosystem integrity can be considered to be the
maintenance of forest structure, species composition, and the rate of ecological processes
and functions within the bounds of normal disturbance regimes.

Whilst ecologically sustainable forest management is the goal of management agencies
in many parts of the world [9], it can be difficult to achieve for a wide range of reasons,
particularly the array of ecological, economic, silvicultural, social and other factors that
need to be considered [8,10,11]. Ecologically sustainable forest management is particularly
difficult to achieve when wood production is based on principles of maximum sustained
yield or the highly regulated forest concept (sensu [12]).

The ‘regulated’ forest or ‘normal’ forest concept has long been a focus of conventional
forest management [12,13], and it has been a long-standing legacy of so-called “colonial
forestry” [14]. The uniformity of a normal forest was intended to facilitate management
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and extraction, and it became a powerful aesthetic for a well-managed forest [15]. In 1849,
Faustmann (translated in [16], cited by [17]) used the concept of a normal forest to calculate
a logging rotation period that would maximise economic benefits. In the simple case of a
single commercial tree species, uniform site conditions and a single silvicultural system,
the harvesting regimes can be expressed as after [13]:

Total area/rotation age = area in each age class

The regulated forest was an abstraction and an attempt to rationalize nature and make
it knowable, calculable and visible [18]. Strict application of this simple equation would
result in roughly equal areas of each age class in a given ecosystem. This management
strategy has at its core, the aim of maximizing economic benefits as well as the output
of forest products that can theoretically be sustained over time (e.g., [19]). The ultimate
objective is the perpetual, even flow of wood products for a forest industry [2].

A major problem with the regulated forest concept in forestry is that it is focuses on
resource exploitation [11] and ignores the inherent social and environmental complexities
of forests [14,15]. It also ignores uncertainty that may arise from measurement error, natural
variation that affects the distribution and abundance of the resource (e.g., the impacts of
disturbance on wood stocks, such as fire) and a lack of understanding of the ecology of
the species. Failure to account for stochasticity or other factors means that estimates of
sustained yield do not have sufficient ‘ecological margins’ to accommodate such impacts
on the stock available for logging. A further problem with the regulated forest approach
is that it focuses almost exclusively on wood production, and other values, including key
ecosystem services, are given limited consideration, thereby contravening the overarching
objectives of ecologically sustainable forest management [8,11,20].

The regulated forest was often placed under the management of centralized forest
government bureaucracies [14]. In some cases, such as in Australia, original centralization
of forestry was undertaken to address other issues of unsustainable practices such as
widespread forest clearing for agriculture and grazing [21]. The centralization of forestry
was a central tenet of empire forestry [22]. As colonialism expanded across Africa, Asia,
Australia and the Americas throughout the 18th and 19th centuries, centralized colonial
bureaucracies assumed control over vast forest areas, often excluding local people from
their lands and suppressing traditional forest institutions [23]. The tenure of forests changed
from local communities to distant state agencies. Government at a distance became the
model of management [24]. Specific types of knowledge and techniques were imposed on
forests to make them visible, calculable and therefore exploited by distant agencies [14].
The successors of these colonial regimes remain in place to this day in many parts of the
world [23].

A landscape-scale and decentralized approach to forest management is sometimes
suggested as a way to balance different (and often competing) forest values [11,14]. Under
such an approach, a diversity of management strategies is employed in which different
values are prioritized in different parts of landscapes across different communities, theoret-
ically enabling a much wider array of values to be maintained across the broader forest
estate [2,25]. For example, biodiversity and key ecosystem processes may be maintained
in the face of ongoing wood production [11]. The engagement of civil society in such a
context can provide for a broader basis in knowledge about forest ecosystems, which can
assist in more adaptive approaches to forest management [2]. However, historic forms
of centralized governance have often excluded local stakeholders, therefore leading to
increasing conflict around forest management decisions [26].

In this paper, we discuss how a legacy of past forest management practices, including
adoption of the normal or regulated forest model for maximum sustainable timber yields,
can preclude attempts to diversify future forest management. We support our discussion
with a case study on the mountain ash (Eucalyptus regnans) forests of the Central Highlands
of Victoria (southeastern Australia). In this case, past adherence to intensive wood pro-
duction of the regulated forest at the expense of other values, coupled with timber stock
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losses following widespread recurrent wildfires, means there are now very few options for
diversifying forest management strategies within that ecosystem. Thus, the ecosystem is in
urgent need of protection and restoration to maintain biodiversity, recover highly depleted
levels of old growth cover, restore natural fire regimes and maintain the security of water
supplies for human consumption.

New policies are urgently required to reform forest governance and rapidly transi-
tion industrial wood production away from native forests dominated by mountain ash,
toward well managed plantations and non-threatened forest ecosystems. This will spare
the mountain ash ecosystem from industrial wood production with decentralized conserva-
tion strategies forming an important component of forest management. Wood production
would then be transitioned into other areas that include sustainably managed plantations,
and agroforestry. Our detailed case study of mountain ash forests provides some important
general lessons about the pitfalls of a focus on an intensively regulated and centralized
forest-based management on maximum yield principles and its implications for diversi-
fying forest landscape management. We discuss these lessons in the concluding parts of
the paper.

2. Study Area and Study System

The mountain ash forests of the Central Highlands of Victoria, southeastern Australia
(Figure 1) cover ~140,000 ha and have been the focus of detailed ecological, silvicultural,
economic and social science studies for more than four decades [27–30]. Mountain ash
forests are spectacular and support the tallest flowering trees on Earth (approaching 100 m
in height) [27]. These forests produce, capture and filter most of the water for the more than
five million inhabitants of Melbourne [7,31], the second largest city in Australia. Mountain
ash forests are important for biodiversity, including a range of threatened, endangered and
critically endangered species [28,32]. These forests are important for Aboriginal people,
such as the GunaiKurnai, Taungurung and Wurundjeri peoples [33–35]. Old growth
mountain ash forests store large amounts of carbon and are among the most carbon-dense
forests in the world [36]. The ash-type forests of the Central Highlands of Victoria (which
include mountain ash forests) currently support approximately 65% of all native forest
logging in the state of Victoria [30], with the majority of timber going into the pulpwood
and woodchip stream [29]. Finally, the Central Highlands region in which mountain ash
forests are located is also important for tourism [29].

The land tenure of mountain ash forests in the Central Highlands of Victoria consists
largely of state forests (~92,000 ha) and national parks (~38,000 ha) (where logging is not
permitted) [37]. Land management resides with Parks Victoria for national parks and the
Department of Environment, Land, Water and Planning (DELWP) for state forests [38].
Approximately 60,000 ha of mountain ash forest from the state forests has been allocated to
the Victorian government’s logging business, VicForests, for the purposes of logging for
pulp logs and timber [37,39]. DELWP is the land manager and service provider for state
forests, where it supports the government in setting and determining policy [40].

2.1. Natural and Human Disturbance Regimes in Mountain Ash Forests

Wildfires and logging are the primary forms of natural and human disturbance,
respectively, in mountain ash forests. Mountain ash trees are obligate-seeders and depend
on specific fire regimes to regenerate and maintain their functional integrity. Mountain
ash trees are typically killed by high severity wildfire but regenerate rapidly after fire
from canopy-stored seed, often as even-aged cohorts of trees [41]. Understory elements
such as tree ferns are long-lived and often survive successive fires [42]. Severe wildfires
are typically stand-replacing events with the nominal natural inter-fire interval being
75–150 years [43], although fire frequency can range from 30 to 300+ years depending
on the location in the landscape. Inter-fire intervals appear to be shortening as a result
of climate change [44]. Frequent, high severity wildfires (<20–30 intervals) can preclude
stands from reaching sexual maturity and developing viable seed stores [45], resulting in
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regeneration failure and eventual ecological collapse [46,47]. This can result in mountain
ash forests being replaced by Acacia spp. woodland [48]—sometimes termed the “interval
squeeze” problem [30,49]. Notably, there is no evidence of extensive fire management or
cultural burning by Aboriginal people in mountain ash forests across the Central Highlands.
However, there is evidence of past cultural burning in other surrounding forest types,
particularly drier mixed species forests and woodlands [50].

Logging is the primary form of human disturbance in mountain ash forests. Mountain
ash forests have been logged for more than 150 years [51]. Clear-cutting followed the
regulated forest concept, and it has been the conventional silivicultural system employed
for the past 50 years [52]. The Victorian government allows logging to occur under timber
release plans, which specify the location and gross size of “cutblocks” or harvest units as
well as where logging exclusion areas occur (e.g., [53]).
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2.2. ‘Normalising’ Mountain Ash Forests

Mountain ash forests have long been managed under a regime of widespread, indus-
trial clear-fell logging. Indeed, in the 1920s the ash-type forests in the Central Highlands
of Victoria supported more than 120 sawmills [51] (now there are five). Widespread
clear-cutting commenced in the 1970s and was applied in several forest types in Victoria,
including mountain ash forest [54]. The justification for its application in mountain ash
forests was that wildfires in these forests are also stand-replacing events that produce even-
aged stands [55]. Clear-cutting was initially developed in Victoria as a means of regrowing
alpine ash (Eucalyptus delegatensis) trees following harvesting [56,57]. Clear-cutting was
viewed as an efficient method of resource extraction that minimized costs and increased
yields [58,59]. The clear-cutting approach in mountain ash forests is relatively simple and
entails: (1) All merchantable trees being removed offsite for subsequent processing as sawn
timber or for pulpwood; (2) Logging slash being left on the forest floor for one or more
years to dry; (3) A high-intensity regeneration burn being applied to consume the logging
slash and create a bed of ashes in which mountain ash seed is aerially dropped on the
cutblock to instigate stand regeneration [59]. The typical size for cutblocks ranges from 15
to 40 ha; cutblocks can be aggregated up to 120 ha over a five-year period [60]. Clear-cutting
resets stand age to zero with the specified rotation age until the next logging operation
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being ~80 years. Ecological maturity in mountain ash forests is at least 170+ years [61] (and
up to 500 years [62]).

Regulating mountain ash forests is aligned in principle with the regulated normal
forest concept developed throughout Europe and exported around the world [14,15]. The
approach was adopted in Victoria, where the former Forests Commission referred to large
areas of mature and overmature forest which needed to be replaced by young healthy
stands (cited in [34]). Forests were mapped in compartments and blocks based around
the available area, productive area and the net harvestable area with wood yields then
modelled and yield estimates calculated [63]. In such modelling, commercially valued
trees such as mountain ash trees were visible, whereas noncommercial species, such as
Acacia spp. and other understory forest components were invisible [64]. Long-term wood
supply commitments were made based on this modelling, the most significant of these
being the Forests (Wood Pulp Agreement) Act 1996, where fixed pulp log volumes from
ash-type forests of the Central Highlands of Victoria were guaranteed by the state to a
private company for 34 years (Forests (Wood Pulp Agreement) Act 1996).

2.3. Failure of the Regulated Forest to Produce Certainty in Sawlog Supply

The Victorian government’s vision of regulating the mountain ash forest has not
produced a forest capable of sustaining a yield of wood products in perpetuity. Significantly,
there has been a collapse of the capacity of the forest to provide logs to industry. A major
review into sawlog supply showed that previous modelling greatly overestimated the
timber volume, with the implications for long-term logging capacity at the estimated rates
of extraction for the Central Highlands of Victoria being ranked as weak to inadequate [63].
Even with subsequent sawlog yield reductions following that review, the legacy of historic
overcutting remains in the forest, which is now interacting with a significant increase in
wildfire frequency and extent [65,66]. Despite major wildfires, such as those in 2009 in
which extensive areas of mountain ash forests were burned at high severity, there was
limited appetite by the Government of Victoria to reduce the level of cut in mountain ash
forests [67]. In its calculations of sustained yields of timber, VicForests failed to account for
the inevitable losses in timber yields that would arise from wildfires [67]. As a consequence
of historic overcutting and subsequent wildfires, VicForests was forced to reduce its sawlog
and pulp log supply commitments [64]. VicForests sought to attribute this reduction to
new requirements requiring logging to exclude areas where the critically endangered
Leadbeater’s possum was detected [68]. However, only 2848 ha of mountain ash and alpine
ash forest previously allocated and available to VicForests was excluded from logging as
a result of Leadbeater’s possum detections. This equated to only 1.8% of the total area
of ash forest allocated to VicForests [69,70]. Despite this, Leadbeater’s possum detections
highlight the risks of the regulated forest approach in remaining small areas of unlogged
and unburned forest where logging has conflicted with areas of high conservation value.
Proposed logging is scheduled across areas of highest priority for 70 threatened and forest-
dependent species [32]. In an increasingly disturbed forest estate, remaining least disturbed
areas are becoming critically important for conservation [37].

2.4. Signs of Ecological Collapse

Beyond the effects of regulated forest policy on the timber supply, clearfell logging
has several significant negative environmental impacts in mountain ash forests. These
include: (1) Eroding biodiversity such as populations of arboreal marsupials, birds and
resprouting native tree ferns, shrubs and trees [71–73]; (2) Generating large amounts of
carbon emissions, including smoke pollution during the burning of logging slash which
greatly reduces the air-quality of surrounding communities [74]; (3) Depleting key soil
nutrients and altering soil structure [75]; (4) Altering the soil microbiome such as by
reducing the diversity of critically important fungal symbionts [76]; (5) Reducing water
yields from watersheds [7]; (6) Fragmenting patterns of forest cover [37]; (7) Increasing
levels of forest fire severity [65,77]. Some of these effects are at the stand level such
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as impacts on soils [75]; others such as losses in biodiversity and altered patterns of
flammability are primarily landscape level effects [30,72]. Yet other impacts are at an
ecosystem level (such as logging-related elevated risks of ecosystem collapse [47]).

The ecological integrity of mountain ash forests is now extensively eroded because
of widespread logging and fire. Around 70% of mountain ash forest in the Central High-
lands of Victoria is either severely disturbed or is within 200 m of a severely disturbed
area [37]. The amount of old growth mountain ash forest (>120 years old) has been reduced
dramatically [78] relative to what it was historically (estimated to be ~30–60% of the extent
of this ecosystem) [79]. Only 1.16% of the mountain ash ecosystem is now old growth. The
predominance (~99%) of young, highly flammable regrowth stands (<83 years old), means
there is a high risk of high severity wildfire recurring in mountain ash landscapes [30].
Logging and wildfires can produce interactive and cumulative effects in mountain ash
forests. Empirical studies by [65] after the 2009 wildfires in the Central Highlands of Victo-
ria showed that logged and regenerated forests burned at significantly higher severity than
unlogged forest (Figure 2). Importantly, strategies such as thinning generally do not reduce
the risk of high-severity wildfire in mountain ash forests and sometimes can exacerbate
these risks [77,80].
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Recurrent fire means there is a high chance that the forest will reburn before trees
have a chance of growing to ecological maturity of 170 years [44], a phenomenon that has
been termed a “landscape trap” [30,48]. Indeed, wildfire is predicted to be so frequent
that there is a high probability that trees will not reach an age (~80 years) where they will
be suitable for the production of sawn timber [44]. This, in turn, will create considerable
uncertainty in resource availability for an ongoing native forest timber industry in mountain
ash forests [67]. Resource limitations are already leading to the weakening of forest laws
and codes of practice allowing timber to now be cut from places such as very steep slopes
where logging was previously banned under former (but now relaxed) codes of forest
practice [81].

Logging continues to contribute significantly to the fragmentation of the mountain
ash forest estate [37]. For example, the average distance from uncut areas to a disturbance
boundary (a road or logged forest) in wood production mountain ash forests is just 71 m [32].
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There are other consequences of the highly disturbed landscapes which characterize the
mountain ash ecosystem. There have been marked declines in bird and mammal biota [47],
with levels of site occupancy among some species of conservation concern such as the
southern greater glider (Petauroides volans) having declined by ~80% in the past 20 years [72].
Moreover, logging is continuing to occur in forests of high conservation value for Victoria’s
threatened forest-dependent species [32]. Logging in water catchments is also having
impacts on water yields, with its effects outweighing those caused by some projected
climate change scenarios [7], thereby potentially compromising water security for the city
of Melbourne.

Beyond the direct impacts of native forest logging in mountain ash forests on fire
regimes, biodiversity and water security, there are other signs of major problems in the
timber industry in Victoria. For example, there have been marked declines in employment
over the past decade [82] and the Victorian government’s logging company has suffered
significant financial losses in most years since 2004 [83,84]. Independent economic analyses,
including by the Victorian Parliamentary Budget Office, have indicated that the state of
Victoria would be better off financially by between AUD $110 m [29] and AUD $190 m per
year if it did not log native forests [85]. Moreover, formal environmental and economic
accounting analysis has revealed marked disparities between the relative values of different
natural assets in mountain ash forests [29]. For example, the value-added value to regional
GDP from water is 25.5 times that of timber and woodchips from native forest logging
(see Figure 2). The value of tourism is 20 times that of the native forest logging sector.
Notably, the value-added value of the plantation sector in the Central Highlands region
(where the environmental and economic accounting analysis was focused) was three times
that of the native forest logging sector (Figure 3, [29]). Data on employment in various
industries are also insightful (see [29]). Direct employment in the plantation sector in
Victoria in 2012 was three times that in the native forest sector (3300 vs. 1100). Moreover,
four in every five workers involved in managing, harvesting and hauling native forest
timber are nonpermanent (contractor) employees. Levels of employment in the native
forest sector are declining sharply [82]. As a comparator, there were 3500 tourism jobs
in the Central Highlands region in 2013–2014 with the number of jobs increasing at ~5%
annually. Finally, social surveys indicate that the majority of Victorians do not want native
logging to continue in native forests, even in rural communities living adjacent to native
forests used for wood production [86].
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3. Discussion: Diversifying and Decentralizing Landscape Management

A key outcome from the case study in mountain ash forests is that there has been a
legacy of clinging to inappropriate and ultimately damaging historical policies such as the
regulated forest concept implemented by centralized bureaucracies. The mountain ash
forests of the Central Highlands are now at significant risk of ecological collapse [87], as
is the timber industry that is dependent on those forests [67]. Indeed, the mountain ash
ecosystem has been formally classified as critically endangered under the IUCN red listed
ecosystem process because of such risks of collapse [46]. The mountain ash forest estate is
so extensively altered that options to diversify landscape management are limited. Ongoing
logging, irrespective of the silvicultural system used, at the current rate or even a much
reduced rate, will now rapidly exhaust limited remaining timber supplies in mountain
ash forests [29], add further to landscapes prone to high severity fire [65], drive down
biodiversity [72] and increase levels of forest fragmentation [37].

Adherence to clearly destructive ongoing policies will mean that logging operations
will often have to target increasingly marginal areas such as forest on steep slopes [88].
Moreover, areas currently proposed for logging by VicForests under approved timber
release plans overlap substantially with forests of high conservation value and will there-
fore have major negative impacts on threatened forest-dependent biodiversity [32]. The
future prognosis for the timber industry is for yet further economic losses and ongoing
declines in employment. Notably, the government of Victoria has made the decision to
exit the native forest logging industry not only in mountain ash forests but also in na-
tive forests across the entire state by 2030 (https://www.vic.gov.au/timber-harvesting,
accessed on 28 February 2022).

Logging needs to be removed as an ecosystem stressor in mountain ash forests as part
of concerted forest restoration efforts. For example, strengthened, long-term protection is
needed to greatly expand the spatial extent of the old growth estate in mountain ash forests
and thereby reduce forest flammability and recover key elements of biodiversity that are
strongly associated with old growth forests such as the southern greater glider and the
yellow-bellied glider (Petaurus australis). A long-term objective should be to restore old
growth forest cover to levels that historically characterized the ecosystem—between 30 and
60% of the estate or 30–60 times more than it is currently. However, given the current risk of
high severity fire across an environment that is overwhelmingly dominated by young forest
(with some areas therefore very likely be burned in the coming decades), far more than
30–60% of the mountain ash ecosystem will need to be protected to reach historical targets.

3.1. Transition to Decentralized Forest Management

Centralized forest management regimes have often governed from a distance [18] and
have lacked accountability to local communities [14]. In contrast, decentralization involves
the deconcentration of administrative competencies and/or the transfer of political author-
ity from the central state to subnational or regional administrations [23]. Decentralization
has been shown, in some cases, to bring politics closer to the people, to increase policy
effectiveness and to enhance democratic checks and balances at regional and community
levels [23]. For the mountain ash forests, decentralization of administration provides an
opportunity for Aboriginal peoples to have determination over the way their forests are
managed. The mountain ash forests span several traditional countries, and each Aboriginal
nation would have differing determinations for forest on their respective lands. A signifi-
cant area of Australia is subject to Aboriginal management under native title [89], so these
concepts are not new. Recognizing forest and land management by Aboriginal people is
seen as an essential step to decolonizing conservation [90]. However, we recognize that
local governance would also need to be well aligned to key governance characteristics
associated with greater sustainability in resource use (e.g., greater community participation
in decision making). This would ensure that there is organizational capacity and agility to
adapt to key ecological, economic and social changes [91].

https://www.vic.gov.au/timber-harvesting
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3.2. Removing Logging from Mountain Ash Forests in Victoria

Factors such as economics, biodiversity loss, fire risk, water security, carbon storage
and a lack of social license all point to the need for change in the management of mainland
Australian mountain ash forests. Halting logging in mountain ash forests will require find-
ing an alternative source of wood to support forest industries in Victoria. The obvious place
to find this timber is from Victoria’s existing plantation sector, located primarily in other
parts of the state. Other studies have shown that well managed plantations can be impor-
tant for the sustainable substitution of wood production that provides offsets for enhanced
conservation elsewhere [92–94]. Jurisdictions that have made a rapid transition from native
forest logging to a plantation-only forest industry include New Zealand (exited native forest
logging nationwide in 2002) and, recently, Western Australia which will end native for-
est logging at the end of December 2023 (https://www.mediastatements.wa.gov.au/Pages/
McGowan/2021/09/McGowan-Governments-historic-move-to-protect-native-forests.aspx,
accessed on 28 February 2022) over a transition period of 2–3 years.

3.3. The Availability of Plantations for Wood Supply

It has long been understood there are substantial areas of southeastern Australia
suitable for plantation establishment, e.g., [95]. Data from the Australian Bureau of Agri-
cultural and Resource Economics and Sciences (ABARES) Plantation and Log Supply
inventory report show Victoria has the largest total area of forest plantations in Australia,
with 385,900 hectares of commercial hardwood and softwood plantations in 2020 [96]. The
plantation sector already dominates the forest industry in Victoria, in terms of volumes of
sawn timber, eucalypt pulp logs, employment and economic value and returns [29,96–98]
(Figures 4 and 5). In 2011, hardwood pulp log production overtook pulp log production
from native forests and peaked at 3.9 million m3 in 2017 and 2019 (Figure 4). In 2020, 85%
of all sawn timber in Victoria was sourced from plantation estates [96]. The dominance of
the plantation-based softwood sawn timber sector is evident in the Australian construc-
tion industry, where hardwood use in construction has decreased and softwood use has
increased [99] (Figure 6).
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Figure 6. Value comparison between logs extracted from native forests, hardwood and softwood
plantations (derived from ABARES 2021 data).

The expansion of the Victorian hardwood plantation estate in the past two decades has
resulted in significant growth in hardwood pulp log production [96]. Most of this volume is
exported as low value unprocessed product [100] that Schirmer, Mylek, Magnusson, Yabsley
and Morison [98] suggest is leading to a major loss of timber and pulpwood processing jobs
in Victoria. There is therefore considerable potential for the replacement of wood cut from
native forests such as those dominated by mountain ash with plantation timber. Most of the
wood harvested from Victorian native forests (~86%), including from stands of mountain
ash, goes into the pulp and paper stream ([96], including for paper manufacturing. Only
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~14% of what is cut from the forest goes into sawn timber production. The potential
for substitution of native forest pulp log by plantation hardwood pulp logs has been
extensively researched [101–103]. The largest paper manufacturer in Victoria is Australian
Paper, and a transition to 100% plantation hardwood for its mills would require around
600,000 m3 of native forest pulp logs. Given the extent of Victoria’s hardwood plantation
estate and the volume of eucalypt pulpwood logs that are produced, this transition has
been deemed technically feasible for more than a decade [103]. The availability of such
plantation timber averts the risk of forest industry collapse, as occurred in corporate
entities such as the now defunct company Gunns Ltd. (Launceston in Tasmania, Australia)
(see [104]). For example, since the majority of hardwood plantation trees to replace the
native forest input to Australian Paper’s pulp mills in eastern Victoria would be Tasmanian
bluegum (Eucalyptus globulus), there are increased processing benefits for a transition to
hardwood plantations. This is because Tasmanian bluegum has a higher basic density (kg
dry fibre/m3) compared with the native forest ash species, which gives the pulp logs more
‘dry tons’ of weight (kg) per cubic meter of wood [103].

There would be other benefits derived from transitioning from industrial pulp log
production from native forests to plantations. For example, greenhouse gas emissions
from the land sector can be reduced when wood products are sourced from plantations
rather than from native forests [5]. The financial benefits to the Victorian economy of an
exit from industrial native forest logging were outlined above [29,85]. Finally, because the
primary objective of plantation management is wood production, plantations provide a
greater certainty of access to resources than native forests. Moreover, because the rotation
time in plantations can be 14–25 years (depending on species, timing and rates of stand
entry for thinning and final clear-cut in southeastern Australia), there is a greater chance of
extracting a crop of pulp logs in the event of frequent wildfire than in native forests where it
can take up to 80+ years to grow sawlogs (see [44]). Notably, landscape-scale simulation of
fire occurrence in landscapes with radiata pine (Pinus radiata) plantations in southern New
South Wales suggest that plantations may experience much longer intervals between fire in
the future, even accounting for future shortening of intervals across all forest types [105].

4. Conclusions: General Lessons for Forest Landscape Management

Our case study of mountain ash highlights how following inappropriate policies
has led to a loss of options for diversifying forest management. The work has some
important general implications for diversifying forest landscape management. First, forest
management strategies that are evidently ecologically sustainable must, by definition,
account for uncertainty in resource availability such as those caused by disturbances. In
the case of mountain ash forests, changes in fire regimes linked with climate change [44],
coupled with logging-related increases in forest fire severity [65], will have marked effects
on log yields, but these problems have been largely overlooked by policy makers. Indeed,
mountain ash forests have been managed with very little to no contingency for wildfire
impacts on wood yields. Another area of uncertainty is the impacts of new knowledge
about biodiversity on resource availability. For example, long-term data have highlighted
the marked temporal declines in populations of species of conservation concern such as
Leadbeater’s possum and the southern greater glider [47]. This has, in turn, highlighted
a need to exempt remaining areas of unlogged and unburned forest from logging to
strengthen protection for these taxa, as recognized in a number of court cases successfully
prosecuted against the Victorian government logging agency (e.g., [106]).

Second, well informed decisions about diversifying land management require a deep
ecological, economic and social understanding of the target ecosystem. This understanding
encompasses the condition of the forest ecosystem in question (e.g., the amount of old
growth cover relative to historical levels), the status of biodiversity (including species of
conservation concern), the integrity of key ecological processes (e.g., fire regimes), levels
of timber resource availability and the impacts of logging on other values (e.g., water
supply; [7]). This understanding also needs to extend to knowledge of the potential



Land 2022, 11, 407 12 of 16

for interactions between drivers of ecosystem integrity. For example, in mountain ash
ecosystems, logging and fire interact, whereby harvested and then regenerated forests are
at increased risk of burning at high severity ([65], Figure 2). This, in turn, limits the chance
of forests maturing [30], and reduces timber stocks and sawlog supplies [44].

Third, informed management that is ecologically sustainable needs to consider the
combined impacts of all disturbance drivers, including those of a natural and human origin,
in a given forest ecosystem. In the case of mountain ash forests, the total disturbance burden
in the ecosystem needs to be considered, particularly the effects of fire on timber resource
availability. The Victoria government’s failure to do this and to reduce timber yields follow-
ing extensive forest losses following major wildfires in 2009 led to the inevitable overcutting
of remaining unburned forest. This has both shortened the life of the native forest logging
industry and foreclosed options to diversify landscape management strategies that could
have maintained other forest values (e.g., the adoption of alternative silvicultural systems
to clear-cutting such as the variable retention harvesting system; see [107]). Documents held
by the government of Victoria indicate there were concerns about the rate of overcutting
in the native forest logging industry as far back as the early 1990s. There also have been
long-held concerns about widespread regeneration failure [108]. In fact, the government of
Victoria reduced the levels of cut in their sustained yield calculations in all timber regions
statewide, except inexplicably, in large forest management units covering the mountain ash
forests of the Central Highlands of Victoria. This highlights the importance of heeding early
warning signals in levels of resource availability. Otherwise, future options for decision
making can subsequently be foreclosed.

Fourth, decisions about forest landscape management need to be underpinned by
truly independent assessments of wood resource availability. Such assessments should
be made outside of government agencies and by experts and local working groups that
do not have a strongly vested interest in resource industries (see [109] for the rationale
for doing this). In the case of the mountain ash forests, there is compelling evidence that
the Victorian government failed to act as an independent arbiter of the status of wood
stocks. Rather, government-based resource management agencies acted as an “arm of
industry” and lobbied for long-term commitments of timber that locked in overcutting of
the forest [67].

Finally, multifaceted data and perspectives are needed to help guide informed decision
making about diversified landscape management. This can be realized through strategies
of decentralization becoming a critical component of the regime of forest management [14].
These include Aboriginal, ecological, economic, and social perspectives. In the case of the
mountain ash ecosystem and plantations, these perspectives clearly indicate that: (1) There
is very limited capacity to continue logging in the mountain ash forest; (2) Ongoing logging
will have major negative impacts on biodiversity, water and fire regimes generating further
economic losses; (3) There is currently sufficient plantation feedstock available to replace
logs from mountain ash forests, particularly in the paper manufacturing sector; (4) The
economic value of natural assets such as water, tourism and carbon far exceeds that of
industrial logging in mountain ash forests [29]; (5) There are major financial and environ-
mental advantages to making a rapid transition from logging in mountain ash forests to
plantation-based wood production [29]. Decentralized strategies for forest management
could help Aboriginal communities assume greater control over their respective lands and
determine modes of management specific to their respective areas. These can be aligned or
contrasted with other needs of the community relevant to particular regions.

Author Contributions: Conceptualization, D.L and C.T.; writing—original draft preparation, D.L.;
writing—review and editing, C.T.; project administration, D.L.; funding acquisition, D.L. All authors
have read and agreed to the published version of the manuscript.

Funding: Some of this research was funded by the Victorian Department of Land Water and Planning,
grant number 343995.



Land 2022, 11, 407 13 of 16

Institutional Review Board Statement: No ethics approvals were required for the research reported
in this article.

Data Availability Statement: This is a synthesis article, so no intensive data analysis was conducted.
Any datasets mentioned in this paper are publicly available as cited in the reference list.

Acknowledgments: The authors wish to acknowledge the Koori First Nations People of our study
area, the GunaiKurnai, Taungurung and Wurundjeri people, upon whose respective lands this study
was conducted. We wish to acknowledge their Elders past and present. We thank Michael Manton
and Per Angelstam for suggesting this article be written and for providing valuable input to earlier
versions of the manuscript. Comments from two anonymous reviewers helped improve an earlier ver-
sion of the manuscript. Tabitha Boyer assisted with many editorial aspects of manuscript preparation.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Bormann, F.H.; Likens, G.E. Pattern and Process in a Forested Ecosystem; Springer: New York, NY, USA, 1979; p. 253.
2. Lindenmayer, D.B.; Franklin, J.F. Conserving Forest Biodiversity: A Comprehensive Multiscaled Approach; Island Press: Washington

DC, USA, 2002.
3. Perry, D.A.; Oren, R.; Hart, S.C. Forest Ecosystems, 2nd ed.; John Hopkins University Press: Baltimore, MD, USA, 2008.
4. Watson, J.E.; Evans, T.; Venter, O.; Williams, B.; Tulloch, A.; Stewart, C.; Thompson, I.; Ray, J.C.; Murray, K.; Salazar, A.; et al. The

exceptional value of intact forest ecosystems. Nat. Ecol. Evol. 2018, 2, 599–610. [CrossRef]
5. Keith, H.; Lindenmayer, D.B.; Mackey, B.G.; Blair, D.; Carter, L.; McBurney, L.; Okada, S.; Konishi-Nagano, T. Managing temperate

forests for carbon storage: Impacts of logging versus forest protection on carbon stocks. Ecosphere 2014, 5, 75. [CrossRef]
6. Ceccherini, G.; Duveiller, G.; Grassi, G.; Lemoine, G.; Avitabile, V.; Pilli, R.; Cescatti, A. Abrupt increase in harvested forest area

over Europe after 2015. Nature 2020, 583, 72–77. [CrossRef]
7. Taylor, C.; Blair, D.; Keith, H.; Lindenmayer, D.B. Modelling water yields in response to logging and representative climate

futures. Sci. Total Environ. 2019, 688, 890–902. [CrossRef]
8. Lindenmayer, D.B.; Franklin, J.F. (Eds.) Towards Forest Sustainability; CSIRO Publishing: Melbourne, VIC, Australia, 2003.
9. Angelstam, P.; Albulescu, A.-C.; Andrianambinina, O.D.F.; Aszalós, R.; Borovichev, E.; Cardona, W.C.; Dobrynin, D.; Fedoriak, M.;

Firm, D.; Hunter, M.L.; et al. Frontiers of protected areas versus forest exploitation: Assessing habitat network functionality in 16
case study regions globally. Ambio 2021, 50, 2286–2310. [CrossRef]

10. Betts, M.G.; Phalan, B.T.; Wolf, C.; Baker, S.C.; Messier, C.; Puettmann, K.J.; Green, R.; Lindenmayer, D.B.; Balmford, A. Meeting
global wood demand at least cost to biodiversity. Biol. Rev. 2021, 96, 1301–1317. [CrossRef]

11. Puettmann, K.J.; Coates, K.D.; Messier, C. A Critique of Silviculture. Managing for Complexity; Island Press: Washington, DC, USA,
2008.

12. Oliver, C.D.; Larson, B.C. Forest Stand Dynamics; John Wiley and Sons: New York, NY, USA, 1996.
13. Davis, L.S.; Johnson, K.N.; Bettinger, P.S.; Howard, T.E. Forest Management to Sustain Ecological, Economic and Social Values, 4th ed.;

McGraw-Hill: New York, NY, USA, 2001; p. 807.
14. Agrawal, A. Environmentality: Technologies of Government and the Making of Subjects; Duke University Press: Durham, NC,

USA, 2005.
15. Scott, J.C. Seeing Like a State: How Certain Schemes to Improve the Human Condition Have Failed; Yale University Press: New Haven,

CT, USA, 1998.
16. Gane, M.; Franz von Gehren, E.; Faustmann, M. Martin Faustmann and the Evolution of Discounted Cash Flow: Two Articles from the

Original German of 1849; Commonwealth Forestry Institute: Oxford, UK, 1968.
17. Ludwig, D. Environmental sustainability: Magic, science, and religion in natural resource management. Ecol. Appl. 1993, 3,

555–558.
18. Demeritt, D. Scientific forest conservation and the statistical picturing of nature’s limits in the progressive-era United States.

Environ. Plan. D Soc. Space 2001, 19, 431–459. [CrossRef]
19. Leuschner, W.A. Forest Regulation, Harvest Scheduling and Planning Schedules; Wiley: New York, NY, USA, 1990.
20. Taye, F.A.; Folkersen, M.V.; Fleming, C.M.; Buckwell, A.; Mackey, B.; Diwakar, K.C.; Le, D.; Hasan, S.; Ange, C.S. The economic

values of global forest ecosystem services: A meta-analysis. Ecol. Econ. 2021, 189, 107145. [CrossRef]
21. Carron, L. A History of Forestry in Australia; ANU Press: Canberra, ACT, Australia, 1985.
22. Barton, G.A. Empire Forestry and the Origins of Environmentalism; Cambridge University Press: Cambridge, UK, 2002.
23. Arts, B. Assessing forest governance from a ‘Triple G’ perspective: Government, governance, governmentality. For. Policy Econ.

2014, 49, 17–22. [CrossRef]
24. Miller, P.; Rose, N. Governing economic life. Econ. Soc. 1990, 19, 1–31. [CrossRef]

http://doi.org/10.1038/s41559-018-0490-x
http://doi.org/10.1890/ES14-00051.1
http://doi.org/10.1038/s41586-020-2438-y
http://doi.org/10.1016/j.scitotenv.2019.06.298
http://doi.org/10.1007/s13280-021-01628-5
http://doi.org/10.1111/brv.12703
http://doi.org/10.1068/d294
http://doi.org/10.1016/j.ecolecon.2021.107145
http://doi.org/10.1016/j.forpol.2014.05.008
http://doi.org/10.1080/03085149000000001


Land 2022, 11, 407 14 of 16

25. Côté, P.; Tittler, R.; Messier, C.; Kneeshaw, D.D.; Fall, A.; Fortin, M.-J. Comparing different forest zoning options for landscape-scale
management of the boreal forest: Possible benefits of the TRIAD. For. Ecol. Manag. 2010, 259, 418–427. [CrossRef]

26. Dargavel, J. Fashioning Australia’s Forests; Oxford University Press: Melbourne, VIC, Australia, 1995.
27. Ashton, D.H. The root and shoot development of Eucalyptus regnans F. Muell. Aust. J. Bot. 1975, 23, 867–887. [CrossRef]
28. Lindenmayer, D.B. Forest Pattern and Ecological Process: A Synthesis of 25 Years of Research; CSIRO Publishing: Melbourne, VIC,

Australia, 2009.
29. Keith, H.; Vardon, M.; Stein, J.A.R.; Stein, J.L.; Lindenmayer, D.B. Ecosystem accounts define explicit and spatial trade-offs for

managing natural resources. Nat. Ecol. Evol. 2017, 1, 1683–1692. [CrossRef]
30. Lindenmayer, D.B.; Taylor, C.; Bowd, E. Interacting fire, logging and climate change has sprung a landscape trap in Victoria’s

montane ash forests. Plant Ecol. 2022, in press. [CrossRef]
31. Viggers, J.I.; Weaver, H.; Lindenmayer, D.B. Melbourne’s Water Catchments: Perspectives on a World-Class Water Supply; CSIRO

Publishing: Melbourne, VIC, Australia, 2013.
32. Taylor, C.; Lindenmayer, D.B. The adequacy of Victoria’s protected areas for conserving its forest-dependent fauna. Austral Ecol.

2019, 44, 1076–1090. [CrossRef]
33. Jones, J.; Patterson, R.H. On Taungurung Land: Sharing History and Culture; ANU Press: Canberra, ACT, Australia, 2020.
34. Griffiths, T. Forests of Ash: An Environmental History; Cambridge University Press: Cambridge, UK, 2001.
35. Parks Victoria. Yarra Ranges National Park Management Plan; Parks Victoria: Melbourne, VIC, Australia, 2002.
36. Keith, H.; Mackey, B.G.; Lindenmayer, D.B. Re-evaluation of forest biomass carbon stocks and lessons from the world’s most

carbon-dense forests. Proc. Natl. Acad. Sci. USA 2009, 106, 11635–11640. [CrossRef]
37. Taylor, C.; Lindenmayer, D.B. Temporal fragmentation of a critically endangered ecosystem. Austral Ecol. 2020, 45, 340–354.

[CrossRef]
38. Department of Agriculture and Water Resources. Australia’s State of the Forests Report 2018; Commonwealth of Australia: Canberra,

ACT, Australia, 2018.
39. Symes, J. Allocation (Amendment) Order 2019; Victoria Government Gazette: Richmond, VIC, Australia, 2019.
40. Brockington, J.; Finegan, N.; Rozen, P. Independent Review of Timber Harvesting Regulation—Panel Report to the Secretary of the

Department of Environment, Land, Water and Planning 24 October 2018; Independent Review of Timber Harvesting Regulation: East
Melbourne, VIC, Australia, 2018.

41. Smith, A.L.; Blair, D.; McBurney, L.; Banks, S.C.; Barton, P.S.; Blanchard, W.; Driscoll, D.A.; Gill, A.M.; Lindenmayer, D.B.
Dominant drivers of seedling establishment in a fire-dependent obligate seeder: Climate or fire regimes? Ecosystems 2014, 17,
258–270. [CrossRef]

42. Mueck, S.G.; Ough, K.; Banks, J.C. How old are wet forest understories? Aust. J. Ecol. 1996, 21, 345–348. [CrossRef]
43. McCarthy, M.A.; Gill, A.M.; Lindenmayer, D.B. Fire regimes in mountain ash forest: Evidence from forest age structure, extinction

models and wildlife habitat. Forest Ecol. Manag. 1999, 124, 193–203. [CrossRef]
44. Cary, G.; Blanchard, W.; Foster, C.N.; Lindenmayer, D.B. Effects of altered fire regimes on critical timber production and

conservation rotations. Int. J. Wildland Fire 2021, 30, 322–328. [CrossRef]
45. Von Takach Dukai, B.; Lindenmayer, D.B.; Banks, S.C. Environmental influences on growth and reproductive maturation of

a keystone forest tree: Implications for obligate seeder susceptibility to frequent fire. Forest Ecol. Manag. 2018, 411, 108–119.
[CrossRef]

46. Burns, E.L.; Lindenmayer, D.B.; Stein, J.; Blanchard, W.; McBurney, L.; Blair, D.; Banks, S.C. Ecosystem assessment of mountain
ash forest in the central highlands of Victoria, south-eastern Australia. Austral Ecol. 2015, 40, 386–399. [CrossRef]

47. Lindenmayer, D.B.; Sato, C. Hidden collapse is driven by fire and logging in a socioecological forest ecosystem. Proc. Natl. Acad.
Sci. USA 2018, 115, 5181–5186. [CrossRef]

48. Lindenmayer, D.B.; Hobbs, R.J.; Likens, G.E.; Krebs, C.; Banks, S. Newly discovered landscape traps produce regime shifts in wet
forests. Proc. Natl. Acad. Sci. USA 2011, 108, 15887–15891. [CrossRef]

49. Enright, N.J.; Fontaine, J.B.; Bowman, D.M.; Bradstock, R.A.; Williams, R.J. Interval squeeze: Altered fire regimes and demographic
responses interact to threaten woody species persistence as climate changes. Front. Ecol. Environ. 2015, 13, 265–272. [CrossRef]

50. Mariani, M.; Connor, S.E.; Theuerkauf, M.; Herbert, A.; Kuneš, P.; Bowman, D.; Fletcher, M.S.; Head, L.; Kershaw, A.P.; Haberle,
S.G.; et al. Disruption of cultural burning promotes shrub encroachment and unprecedented wildfires. Front. Ecol. Environ. 2021.
[CrossRef]

51. Commonwealth of Australia. Central Highlands Comprehensive Regional Assessment Report; Commonwealth and Victorian Regional
Forest Agreement Steering Committee: Canberra, NSW, Australia, 1997.

52. Flint, A.; Fagg, P. Mountain Ash in Victoria’s State Forests. Silviculture Reference Manual No. 1; Department of Sustainability and
Environment: Melbourne, VIC, Australia, 2007.

53. VicForests. Timber Release Plan 2019: Spatial Data. Available online: https://www.vicforests.com.au/timber-release-plan
(accessed on 28 February 2022).

54. Moulds, F.R. The Dynamic Forest: A History of Forestry and Forest Industries in Victoria; Lynedoch Publications: Camberwell, VIC,
Australia, 1991.

55. Attiwill, P.M. Ecological disturbance and the conservative management of eucalypt forests in Australia. Forest Ecol. Manag. 1994,
63, 301–346. [CrossRef]

http://doi.org/10.1016/j.foreco.2009.10.038
http://doi.org/10.1071/BT9750867
http://doi.org/10.1038/s41559-017-0309-1
http://doi.org/10.1007/s11258-021-01217-2
http://doi.org/10.1111/aec.12805
http://doi.org/10.1073/pnas.0901970106
http://doi.org/10.1111/aec.12863
http://doi.org/10.1007/s10021-013-9721-9
http://doi.org/10.1111/j.1442-9993.1996.tb00619.x
http://doi.org/10.1016/S0378-1127(99)00066-3
http://doi.org/10.1071/WF20129
http://doi.org/10.1016/j.foreco.2018.01.014
http://doi.org/10.1111/aec.12200
http://doi.org/10.1073/pnas.1721738115
http://doi.org/10.1073/pnas.1110245108
http://doi.org/10.1890/140231
http://doi.org/10.1002/fee.2395
https://www.vicforests.com.au/timber-release-plan
http://doi.org/10.1016/0378-1127(94)90115-5


Land 2022, 11, 407 15 of 16

56. Grose, R.J. The Silviculture of Eucalyptus delegatensis R.T. Baker. Ph.D. Thesis, University of Melbourne, Melbourne, VIC,
Australia, 1960.

57. Florence, R.G. Ecology and Silviculture of Eucalypt Forests; CSIRO Publishing: Melbourne, VIC, Australia, 1996.
58. Clark, J. Forest policy for sustainable commodity wood production: An examination drawing on the Australian experience. Ecol.

Econ. 2004, 50, 219–232. [CrossRef]
59. DELWP. Code of Forest Practices for Timber Production 2014 (as Amended in 2021); Department of Environment, Land, Water and

Planning: Melbourne, VIC, Australia, 2021.
60. Lindenmayer, D.B.; Blanchard, W.; Blair, D.; McBurney, L.; Banks, S.C. Relationships between tree size and occupancy by

cavity-dependent arboreal marsupials. Forest Ecol. Manag. 2017, 391, 221–229. [CrossRef]
61. Wood, S.W.; Hua, Q.; Allen, K.J.; Bowman, D.M.J.S. Age and growth of a fire prone Tasmanian temperate old-growth forest stand

dominated by Eucalyptus regnans, the world’s tallest angiosperm. Forest Ecol. Manag. 2010, 260, 438–447. [CrossRef]
62. Vanclay, J.K.; Turner, B.J. Evaluation of Data and Methods for Estimating the Sustainable Yield of Sawlogs in Victoria—Report of the Expert

Data Reference Group; Department of Natural Resources and Environment: Melbourne, VIC, Australia, 2001.
63. Victorian Environmental Assessment Council (VEAC). Fibre and Wood Supply Assessment Report; Victorian Environmental

Assessment Council (VEAC): Melbourne, VIC, Australia, 2017.
64. Taylor, C.; McCarthy, M.A.; Lindenmayer, D.B. Non-linear effects of stand age on fire severity. Conserv. Lett. 2014, 7, 355–370.

[CrossRef]
65. Lindenmayer, D.B.; Taylor, C. New spatial analyses of Australian wildfires highlight the need for new fire, resource and

conservation policies. Proc. Natl. Acad. Sci. USA 2020, 117, 12481–12485. [CrossRef] [PubMed]
66. Lindenmayer, D.B. Halting natural resource depletion: Engaging with economic and political power. Econ. Labour Rel. Rev. 2017,

28, 41–56. [CrossRef]
67. VicForests. Resource Outlook 2016–2017; VicForests: Melbourne, VIC, Australia, 2017.
68. VicForests. VicForests’ 2014 Area Statement; VicForests: Melbourne, VIC, Australia, 2014.
69. DELWP. A Review of the Effectiveness and Impact of Establishing Timber Harvesting Exclusion Zones around Leadbeater’s Possum Colonies;

Department of Environment, Land, Water and Planning: Melbourne, VIC, Australia, 2017.
70. Bowd, E.J.; Lindenmayer, D.B.; Banks, S.C.; Blair, D.P. Logging and fire regimes alter plant communities. Ecol. Appl. 2018, 28,

826–841. [CrossRef]
71. Lindenmayer, D.; Blanchard, W.; Blair, D.; McBurney, L.; Taylor, C.; Scheele, B.; Westgate, M.J.; Robinson, N.; Foster, C. The

response of arboreal marsupials to long-term changes in forest disturbance. Anim. Conserv. 2021, 24, 246–258. [CrossRef]
72. Lindenmayer, D.B.; Blanchard, W.; Blair, D.; Westgate, M.J.; Scheele, B.C. Spatio-temporal effects of logging and fire on forest

birds. Ecol. Appl. 2019, 29, e01999. [CrossRef]
73. Lindenmayer, D.B.; Taylor, C. Where there is fire, there is smoke. Science 2018, 361, 341. [CrossRef]
74. Bowd, E.J.; Banks, S.C.; Strong, C.L.; Lindenmayer, D.B. Long-term impacts of wildfire and logging on forest soils. Nat. Geosci.

2019, 12, 113–118. [CrossRef]
75. Bowd, E.; Lindenmayer, D.B.; May, T.; Bissett, A.; Banks, S. Fire and logging regimes alter functional communities of fungi. Mol.

Ecol. 2022, in press.
76. Taylor, C.; Blanchard, W.; Lindenmayer, D.B. Does forest thinning reduce fire severity in Australian eucalypt forests? Conserv.

Lett. 2020, 14, e12766. [CrossRef]
77. Lindenmayer, D.B.; Taylor, C. Extensive recent wildfires demand more stringent protection of critical old growth forest. Pac.

Conserv. Biol. 2020, 26, 384–394. [CrossRef]
78. Lindenmayer, D.B.; McCarthy, M.A. Congruence between natural and human forest disturbance: A case study from Australian

montane ash forests. Forest Ecol. Manag. 2002, 155, 319–335. [CrossRef]
79. Taylor, C.; Blanchard, W.; Lindenmayer, D.B. What are the relationships between thinning and fire severity? Austral Ecol. 2021, 46,

1425–1439. [CrossRef]
80. DELWP. Management Standards and Procedures for Timber Harvesting Operations in Victoria’s State Forest 2021; Department of

Environment, Land, Water and Planning: Melbourne, VIC, Australia, 2021.
81. Schirmer, J.; Mylek, M.; Magnusson, A.; Yabsley, B.; Morison, J. Socio-Economic Impacts of the Forest Industry; University of Canberra

and Forests and Wood Products Australia: Canberra, NSW, Australia, 2018.
82. VicForests. Corporate and Business Plans, 2013–2014 to 2015–2016; VicForests: Melbourne, VIC, Australia, 2013.
83. VicForests. Annual Report 2020–2021; VicForests: Melbourne, VIC, Australia, 2021.
84. Parliamentary Budget Office. End Native Forest Logging in Victoria; Parliamentary Budget Office: Melbourne, VIC, Australia, 2018.
85. Field, E. Native Forest Logging Support Low in Regional Australia, Leaked Report Shows. 2018. Available online: https://www.

abc.net.au/news/2018-2012-2009/forestry-survey-rejects-native-forest-logging/10597490 (accessed on 28 February 2022).
86. Bergstrom, D.; Wienecke, B.C.; van den Hoff, J.; Hughes, L.; Lindenmayer, D.B.; Ainsworth, T.; Baker, C.M.; Bland, L.; Bowman,

D.; Brooks, S.; et al. Ecosystem collapse from the tropics to the poles. Glob. Change Biol. 2021, 7, 1692–1703. [CrossRef]
87. Taylor, C.; Lindenmayer, D.B. Stakeholder engagement in a forest stewardship council controlled wood assessment. Environ. Sci.

Policy 2021, 120, 204–212. [CrossRef]

http://doi.org/10.1016/j.ecolecon.2004.03.032
http://doi.org/10.1016/j.foreco.2017.02.014
http://doi.org/10.1016/j.foreco.2010.04.037
http://doi.org/10.1111/conl.12122
http://doi.org/10.1073/pnas.2002269117
http://www.ncbi.nlm.nih.gov/pubmed/32424092
http://doi.org/10.1177/1035304616685265
http://doi.org/10.1002/eap.1693
http://doi.org/10.1111/acv.12634
http://doi.org/10.1002/eap.1999
http://doi.org/10.1126/science.aau6672
http://doi.org/10.1038/s41561-018-0294-2
http://doi.org/10.1111/conl.12766
http://doi.org/10.1071/PC20037
http://doi.org/10.1016/S0378-1127(01)00569-2
http://doi.org/10.1111/aec.13096
https://www.abc.net.au/news/2018-2012-2009/forestry-survey-rejects-native-forest-logging/10597490
https://www.abc.net.au/news/2018-2012-2009/forestry-survey-rejects-native-forest-logging/10597490
http://doi.org/10.1111/gcb.15539
http://doi.org/10.1016/j.envsci.2021.03.014


Land 2022, 11, 407 16 of 16

88. Altman, J.; Larsen, L.; Buchanan, G. The Environmental Significance of the Indigenous Estate: Natural Resource Management as Economic
Development in Remote Australia; Centre for Aboriginal Economic Policy Research (CAEPR), The Australian National University:
Canberra, ACT, Australia, 2018.

89. Fletcher, M.S.; Hamilton, R.; Dressler, W.; Palmer, L. Indigenous knowledge and the shackles of wilderness. Proc. Natl. Acad. Sci.
USA 2021, 118, e2022218118. [CrossRef]

90. Ostrom, E. Government the Commons; Cambridge University Press: Cambridge, UK, 1990.
91. Hunter, M.L.; Calhoun, A. A triad approach to land use allocation. In Biodiversity in Managed Landscapes: Theory and Practice;

Szaro, R., Johnson, D.W., Eds.; Oxford Univeristy Press: Oxford, UK, 1995; pp. 477–491.
92. Lindenmayer, D.B.; Messier, C.; Paquette, A.; Hobbs, R.J. Managing tree plantations as novel socio-ecological systems: Australian

and North American perspectives. Can. J. Forest Res. 2015, 45, 1426–1432. [CrossRef]
93. Ghazoul, J.; Bugalho, M.; Keenan, R. Forests: Economic perks of plantations. Nature 2019, 570, 307. [CrossRef]
94. Burns, K.; Walker, D.; Hansard, A. Forest Plantations on Cleared Agricultural Land in Australia: A Regional and Economic Analysis;

Australian Bureau of Agricultural and Resource Economics: Canberra, ACT, Australia, 1999.
95. ABARES. Australian Forest and Wood Products Statistics March and June Quarters 2021; Australian Bureau of Agricultural and

Resource Economics and Sciences: Canberra, ACT, Australia, 2021.
96. Keith, H.; Vardon, M.; Stein, J.A.R.; Stein, J.L.; Lindenmayer, D.B. Experimental Ecosystem Accounts for the Central Highlands of

Victoria. Final Report; The Australian National University and the Threatened Species Recovery Hub: Canberra, ACT, Australia.
Available online: http://www.nespthreatenedspecies.edu.au/Ecosystem%20Complete%20Report_V5_highest%20quality.pdf
(accessed on 28 February 2022).

97. Greig, P. Hardwood industry trends in Victoria since 1986. Aust. For. 2004, 67, 156–163. [CrossRef]
98. IndustryEdge. Victoria’s Industrial Plantation Estate at 2016, Demand Dynamics for Woodchips and Logs, Projected Woodflows from

Victoria’s Plantations and Prospects for Replanting of the Estate; IndustryEdge: Melbourne, VIC, Australia, 2016.
99. Ajani, J. The Forest Wars; University of Melbourne Press: Melbourne, VIC, Australia, 2007.
100. Ajani, J. Australia’s Wood and Wood Products Industry Situation and Outlook; Fenner School of Environment and Society, The

Australian National University: Canberra, ACT, Australia, 2011.
101. Poyry Management Consulting. VicForests and Australian Paper: Review of Issues Affecting the Transition of Victoria’s Hardwood

Processing Industry from Native Forests to Plantations; Poyry Management Consulting (Australia) Pty Ltd.: Melbourne, VIC,
Australia, 2011.

102. Beresford, Q. The Rise and Fall of Gunns Ltd.; NewSouth: Sydney, NSW, Australia, 2015.
103. King, K.J.; de Ligt, R.M.; Cary, G.J. Fire and carbon dynamics under climate change in south-eastern Australia: Insights from

FullCAM and FIRESCAPE modelling. Int. J. Wildland Fire 2011, 20, 563–577. [CrossRef]
104. VicForests v Friends of Leadbeater’s Possum Inc. 2021. Available online: https://www.fedcourt.gov.au/services/access-to-files-

and-transcripts/online-files/friends-of-leadbeaters-possum-v-vicforests (accessed on 28 February 2022).
105. Lindenmayer, D.B.; Blair, D.; McBurney, L. Variable retention harvesting in Victoria’s Mountain Ash (Eucalyptus regnans) forests

(southeastern Australia). Ecol. Proc. 2019, 8, 2. [CrossRef]
106. Department of Conservation and Natural Resources. High Conservation Value in Victorian Forests; Department of Conservation and

Natural Resources (Office of the Secretary): Melbourne, VIC, Australia, 1994.
107. Pielke, R.A., Jr. The Honest Broker: Making Sense of Science in Policy and Politics; Cambridge University Press: Cambridge, UK, 2007.
108. Love, K. AMCOR—Forest Resource Security; Department of Premier and Cabinet: Melbourne, VIC, Australia, 1995.
109. Department of Premier and Cabinet. Commonwealth Accreditation of the LCC, and Joint Work in the Central Highlands; Department of

Premier and Cabinet: Melbourne, VIC, Australia, 1993.

http://doi.org/10.1073/pnas.2022218118
http://doi.org/10.1139/cjfr-2015-0072
http://doi.org/10.1038/d41586-019-01878-0
http://www.nespthreatenedspecies.edu.au/Ecosystem%20Complete%20Report_V5_highest%20quality.pdf
http://doi.org/10.1080/00049158.2004.10674929
http://doi.org/10.1071/WF09073
https://www.fedcourt.gov.au/services/access-to-files-and-transcripts/online-files/friends-of-leadbeaters-possum-v-vicforests
https://www.fedcourt.gov.au/services/access-to-files-and-transcripts/online-files/friends-of-leadbeaters-possum-v-vicforests
http://doi.org/10.1186/s13717-018-0156-2

	Introduction 
	Study Area and Study System 
	Natural and Human Disturbance Regimes in Mountain Ash Forests 
	‘Normalising’ Mountain Ash Forests 
	Failure of the Regulated Forest to Produce Certainty in Sawlog Supply 
	Signs of Ecological Collapse 

	Discussion: Diversifying and Decentralizing Landscape Management 
	Transition to Decentralized Forest Management 
	Removing Logging from Mountain Ash Forests in Victoria 
	The Availability of Plantations for Wood Supply 

	Conclusions: General Lessons for Forest Landscape Management 
	References

