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Topic 1. Sustainability of current and future forestry operations in NSW 

A recent University of Queensland PhD study in SE Queensland is very relevant to this question. 
The study undertaken by Dr Ben Francis and supervised by Forestry Economist, A/Prof Tyron Venn 
was reported in the journal article Small-scale Forestry (2024) 23:1,24: Ben Francis, Tyron Venn & 
Tom Lewis Timber Production Opportunities from Private Native Forests in Southern Queensland 
(copy attached to this submission). 
Findings were summarised as follows  
‘ The private native forest estate is distributed over 17,665 landholdings (LotPlans), with 17% of 
these accounting for 66% of the commercial and harvestable resource. Most private native forests 
have not been actively managed for timber production and are in poor condition. Nevertheless, 
they presently have the potential to supply between about 150,000 and 250,000 m3 of logs to 
industry per annum. Silvicultural treatments were found to have the potential to increase the 
mean annual increment of these forests by a factor of between two and four, indicating 
substantial opportunities to increase harvestable log volumes in the medium and long-term. 
Private native forests in southern Queensland could potentially more than compensate for the 
supply gap left by the declining area of state-owned native forests that are available for timber 
harvesting. Actual forest management performed and log volumes supplied to market will depend 
on the forest management decisions of thousands of individual landholders, which are influenced 
by their heterogeneous management objectives, the policy environment, perceptions of sovereign 
risk, timber markets and the long payback  periods in forestry. An accommodating forest policy 
environment and landholder willingness to invest in forest management could maintain and 
potentially increase private hardwood log supply to industry, which would support farm income 
diversification and regional employment opportunities. ‘ 
 I am research Forester with over 45 years graduate experience. I am also an advocate for small 
Private Forest Growers (President, Australian Forest Growers (AFG) 2014-19 and Vice President 
Forestry Australia 2019-22 following the 2019 merger of AFG and the Institute of Foresters of 
Australia; member of the Forestry Australia Growers Advisory Committee 2019-current); roles 
that have provided me with regular contact with farmers integrating tree plantations on their 
farms and managing private native forests across Australia. From my knowledge of forest 
operations across states my professional observation is that the findings from this Queensland 
based study would equally apply in NSW. 
Francis et al. (2024) found: 
‘Empirical data, literature review and expert opinion revealed the potential for  
silvicultural treatments to increase MAI by a factor of between two and four. For  
example, this study revealed that if 50% of commercial and harvestable private native  
forests were managed for timber production, and half of that area was silviculturally treated, the 
median annual log yield starting about 20  years after commencement of a silvicultural treatment 
program could be about 623,000 m3/yr. That represents a weighted average MAI of 0.66 m3 
/ha/yr across the six commercial forest types,  



  

 

and a doubling of the current combined state and private log harvest. This weighted MAI estimate 
is consistent with the Bureau of Rural Sciences (2004 Bureau of Rural Sciences An analysis of 
potential timber volumes from private native forest available to industry in South East 
Queensland. Canberra: SEQ PNFI Integration Report 21 June 2004, Department of Agriculture 
Fisheries and Forestry.) assertion that,  
with good management, rates of ‘average [compulsory] sawlog growth of 0.5 to 1  
m3/ha/yr are not inconceivable over a large proportion of forests in SEQ’ (p. vii). 
Silvicultural treatments in private native forests in southern Queensland are financially viable and 
potential new markets in southern Queensland for small logs for biomass energy  and the 
manufacture of laminated veneer lumber (LVL) (Venn et al. 2021  Venn TJ, Dorries JW, McGavin RL 
(2021) A mathematical model to support investment in veneer and LVL manufacturing in 
subtropical eastern Australia. Forest Policy Econ 128:102476) may facilitate increased levels of 
silvicultural treatment. The majority of private native forests in the study area are on properties 
where the main economic activity is beef cattle grazing. These landholders are more likely to 
consider managing their forests for timber if it could be shown that combined grazing and timber 
production resulted in a net increase in income.  
Francis et al. (2022) found that the financial performance of southern Queensland  
farms managed as silvopastoral systems (by integrating cattle grazing with active  
native forest management for timber production) was greater than the financial performance of 
either grazing or timber alone. 
Sound financial performance of native forestry with silvicultural treatments has  
not translated into landholder practices for three main reasons: (a) sovereign risk  
(uncertain future harvest rights); (b) long payback periods; and (c) limited forestry  
knowledge among landholders  Changes in vegetation management regulations in Queensland 
since the 1990s have led to landholder uncertainty regarding future property rights and has been 
empirically linked to increased rates of land clearing. 
Future changes in Queensland forest policy could positively  
or negatively affect timber markets, the area of harvestable forest, the harvestable  
volume per hectare, required stem retention levels (affecting forest productivity and  
regeneration), and landholder decisions about how much forest to manage for timber  
and levels of silvicultural treatment to perform.’ 
Francis’ PhD study findings focused on the need for PNF management as it highlighted that 
current PNF stands are being high-graded for immediate returns due to a general distrust in 
Government to protect the sovereign right to harvest in the future (20 year sustainable harvest 
treatment and and harvest model) for land-owners  who invest in actively managing their PNF. As 
a Forest Geneticist (PhD, North Carolina State Uni 1991-95) the impacts of high-grading (removing 
the very best trees for short term gain ) is a horrifying scenario that will leave a genetically inferior 
resource - repeating the historical mistakes of the USA, UK and many European countries who 
high-graded their best oak, cherry, chestnut, walnut etc. etc. forests over the last 200+ years. 
The equivalent scenario for a livestock stud would be send all the elite stud bulls, cows, rams and 
ewes in the stud to the abattoir and then rely on what is left to breed and produce quality 
livestock. 
 
Topic 2. Environmental and cultural values of forests, including threatened species and 
Aboriginal cultural heritage values 

The recent growing public acceptance of the historical management of forests by first nations 
peoples in Australia for many thousands of years is welcomed but requires recognition that the 
fire-aversion of European settlers has had very significant impacts on the wildfire sensitivity of 



  

 

Australia’s forested landscapes. The work of Prof Michael-Shawn Fletcher (Uni of Melbourne) is 
very pertinent to understating this.  
Refer to: Fletcher M-S, Romano A, Nichols S, Henriquez Gonzalez W, Mariani M, Jaganjac D and 
Sculthorpe A (2024) Lifting the veil: pyrogeographic manipulation and the leveraging of 
environmental change by people across the Vale of Belvoir, Tasmania, Australia. 
Front. Environ. Archaeol. 3:1386339. doi: 10.3389/fearc.2024.1386339 
It is a source of great frustration that state jurisdictions have created complex and overly 
bureaucratic approval processes to manage annual prescribed burning programs and traditional 
owner cultural burns; thereby restricting these programs to smaller areas and missing optimum 
burning windows of time to the overall detriment of their effectiveness. Health issues for asthma 
sufferers merit due consideration in planning but should not provide a ‘power of veto’ over 
burning programs. A regular (every 3 years in most landscapes) program of cool burning to create 
heterogeneous mosaics of burnt and unburnt forest areas is needed to reduce fuel loads and 
protect the whole community from the devastating impacts of large scale uncontrollable wildfires 
as experienced in NSW, QLD, VIC and TAS in 2019/20.  Urban constituencies with little or no 
experience with active forest management and the need for fire to maintain healthy forests in 
many of our forest types and landscapes tend to incorrectly equate managed fires and sustainable 
forest harvesting with destruction. Political and Scientific leadership needs to be shown to ensure 
the health of our forests is returned and maintained. 
Michael-Shawn Flecther and his co-authors summarise these social tensions . 
‘Humans undertake land management and care of landscapes to maintain 
safe, healthy, productive and predictable environments. Often, this is achieved 
through creating spatial and temporal heterogeneity in a way that leverages the 
natural world; both amplifying natural trends and, in some cases, driving shifts 
counter to natural processes. However, a persistent paradigm governing the 
understanding of proxy evidence of past human activity on the environment is 
that human agency is only recognized in proxy data when trends oppose what 
are expected to occur naturally. Framing research in such a way ignores the 
fact that people have, continue to, and will always leverage the environment 
in ways that both compliment and diverge from ‘natural’ trends. Doing so 
masks, or erases, people from the histories of their territories and continues 
to perpetuate myths such as ‘wild’ and ‘wilderness’, particularly in places 
that have in fact been shaped and maintained by people for long periods of 
time.’ 
 
Topic 3. Demand for timber products, particularly as relates to NSW housing, construction, 
mining, transport and retail 

The properties of native forest timbers are different from timber and wood products sourced 
from fast grown timber plantations. They complement each other for the range of products that 
can be produced from timber plantation with some degree of overlap in these properties and 
products. Both sources of timber and wood products are needed to provide the full range of 
products that today’s society utilises in dwelling construction, furniture, engineered structures, 
reconstituted wood products and packaging and paper products.  Switching to alternative 
products like plastics, steel and aluminium is a very poor substitute when carbon utilisation, 
capture and long term storage is considered.  
Internationally recognised NSW DPI researcher Dr Fabiano Ximenes has published extensively on 
the life cycle credentials of timber and wood products versus alternative products and is 
recommended as an authority in this area to advise the NSW Independent Forestry Panel.  A 
selection of relevant papers would include: 



  

 

Ximenes, F., Grant, T., 2013. Quantifying the greenhouse benefits of the use of wood  
products in two popular house designs in Sydney, Australia. Int. J. Life Cycle Assess.  
18, 891,908.  
Ximenes, F., George, B.H., Cowie, A., Williams, J., Kelly, G., 2012. Greenhouse gas  
balance of native forests in New South Wales, Australia. Forests 3, 653,683.  
Ximenes, F., Bi, H., Cameron, N., Coburn, R., Maclean, M., Matthew, D.S., Roxburgh, S.,  
Ryan, M., Williams, J., Boer, K., 2016. Carbon Stocks and Flows in Native Forests  
and Harvested Wood Products in SE Australia. Project Number: PNC285-1112.  
Forest and Wood Products Australia, Melbourne.  
The international Food and Agriculture Organisation in 2016 published an extensive review paper 
(#177) ‘Forestry for a low-carbon future - Integrating forests and wood products in climate change 
strategies’ (181 pages) that should be considered by the NSW Independent Forestry Panel in 
framing their Forestry Industry Action Plan. 
This FAO Report concludes: 
‘Forests are critical to mitigation, having a dual role; they function globally as a net carbon sink but 
are also responsible for about 10 to 12 percent of global emissions. Forests and forest products 
offer both developed and developing countries a wide range of options for timely and cost-
effective mitigation. Afforestation/reforestation offers the best option because of its short 
timescale and ease of implementation. Reducing deforestation, forest management and forest 
restoration also offer good mitigation potential, especially because of the possibility for 
immediate action. Yet forest contributions to mitigation also go beyond forest activities. Wood 
products and wood energy can replace fossil-intense products in other sectors, creating a virtuous 
cycle towards low-carbon economies. The mitigation potential and costs of the various options 
differ greatly by activity, region, system boundaries and time horizon. Policymakers must decide 
on the optimal mix of options, adapted to local circumstances, for meeting national climate 
change and development goals. This publication assesses the options and highlights the enabling 
conditions, opportunities and potential bottlenecks to be considered in making apt choices. 
Aimed at policymakers, investors and all those committed to transition to low-carbon economies, 
it will support countries in using forests and wood products effectively in their climate strategies.’ 
 
Topic 4. The future of softwood and hardwood plantations and the continuation of Private 
Native Forestry in helping meet timber supply needs 

I sincerely hope that the NSW Independent Forestry Panel frames their Forestry Industry Action 
Plan on the solid base of science that is available to consider the merits of and the need for a mix 
of plantation and native forest timber to meet the timber and product supply needs of the NSW 
timber industry and its flow on impacts on the timber supply chains of other States. 
The work of Senior Research Fellow, Uni of QLD, Dr Tyron Venn, published as a research paper 
‘Reconciling timber harvesting, biodiversity conservation and carbon sequestration in Queensland, 
Australia’ (2023, Forest Policy and Economics, Vol 152; 20 pages) is very relevant to this 
discussion. I have attached a copy of this paper to this submission. 
Tyron argues for this reconciliation of competing and complementary needs as: 
‘In many countries, forest policies have been enacted that reduce opportunities for public and 
private native forests to be sustainably managed for multiple uses, including timber production. 
Such policies have typically been implemented out of concern for the environment, but policy-
makers often make poor assumptions about or ignore the associated perverse ecological and 
economic trade-offs that can threaten global action to conserve biodiversity and mitigate climate 
risk. The purpose of this paper is to inform and promote research on the application of the land 
sharing,sparing framework to better accommodate ecological and economic trade-offs in forest 
policy evaluation. The regional context is Queensland (QLD), Australia, where consideration is 



  

 

being given to policy changes that will substantially increase land sparing within the public and 
private native forest estate  
by contracting the area available for management under land sharing with selection timber 
harvesting. A modified conceptualisation of the land sharing,sparing framework is introduced, 
which explicitly accounts for the role that international trade can play in facilitating domestic land 
sparing policy. Critical reviews of literature concerning six important ecological and economic 
trade-offs that are associated with domestic forest policy are presented: (a) international 
biodiversity conservation; (b) climate risk mitigation; (c) securing domestic wood supply; (d) 
resourcing domestic forest management; (e) management of wildfire risk; and (f) domestic 
biodiversity conservation. Under existing policy settings, increased land sparing in QLD has a high 
risk of unintended negative outcomes, including for international biodiversity conservation and 
carbon emissions. While land sparing can benefit species that require long undisturbed forest 
habitat, conservation of most native flora and fauna in QLD is not substantially affected or is 
enhanced by selection harvesting practices permitted in the state.  
Decades of poor government resourcing of conservation estate management and timber 
plantation expansion suggests increased land sparing will have negligible benefits for domestic 
biodiversity conservation and wood supply in the absence of a considerable and permanent 
reallocation of scarce resources. In contrast, land sharing can provide greater long-term climate 
risk mitigation benefits, promote high biodiversity values through creation of heterogeneous 
landscape mosaics and leverage private sector resources for conservation activities. These 
complex ecological and economic trade-offs have been collated for the first time in an Australian 
context and justify further research to explore their quantification and accommodation within the 
land sharing,sparing framework to better inform forest policy-making.’ 
The concepts of land sharing Vs land sparing as raised by Dr Venn need consideration. 
The following comparison is from a Google search (AI generated). 
Land sharing and land sparing are two different approaches to balancing food production with 
ecosystem conservation:  
Land sharing 
Integrates agriculture and conservation on the same land. This can include low-intensity 
agriculture, hedgerows, and ponds. Land sharing can improve biodiversity, pollination, carbon 
sequestration, and livelihoods.  
Land sparing 
Separates agriculture from conservation by creating or restoring non-farmland habitats in 
agricultural landscapes. This can include creating woodlands, wetlands, meadows, or natural 
grasslands on arable land. Land sparing can help conserve species that are incompatible with 
agriculture, such as rare or endemic taxa.  
Some say that land sparing is the best way to achieve conservation and food security goals. 
However, others say that land sparing has marginalized local and Indigenous communities and 
that small habitat patches are also important for biodiversity conservation. Some say that a 
combination of land sparing and land sharing is needed to achieve global biodiversity 
conservation goals. 
Dr Venn also raises the often ignored spectre of ‘Decades of poor government resourcing of 
conservation estate management’.  Talking to senior managers of our National Parks and 
Conservation parks in any state of Australia soon establishes that they are woefully underfunded. 
The political attractiveness of converting state forests in National Parks and Conservation areas 
has been an election ‘vote-winner’ for many decades in Australia. Unfortunately the voting public 
rarely questions or stops to think about the question of whether these announcements are 
matched by budget commitments for funding to manage these conservation forests properly to 
control feral pests and weeds and to protect them against uncontrollable wildfires that would 



  

 

threaten their biodiversity and biological quality that was used to justify their creation in the first 
place. 
 
Topic 5. The role of State Forests in maximising the delivery of a range of environmental, 
economic and social outcomes and options for diverse management, including Aboriginal forest 
management models 

Contrary to widely held views amongst some detractors that State Forests are unfairly subsided to 
produce unfairly cheap hardwood timber from native forests this ignores all the other financial 
obligations required of a public entity as stewards of a natural State asset. 
The latter include sustainable yield management, public recreation access and facilities, 
maintenance of water quality and yield, fire management, feral pest and weed control, 
identification and planning to conserve rare and endangered species and traditional owner 
cultural heritage.  It is quite appropriate that the public purse should contribute to the funding of 
these many and varied obligations on behalf of the State of NSW. It would be very useful if 
estimates of the cost and value of these natural and cultural values were independently estimated 
and reported regularly so that the general public were better informed as to the regulatory 
‘burdens’ imposed on State owned enterprises.  This is not a complaint about these obligations as 
they are quite appropriate for professional land management but a request that they be better 
recognised in public discourse. 
 
Topic 6. Opportunities to realise carbon and biodiversity benefits and support carbon and 
biodiversity markets, and mitigate and adapt to climate change risks, including the greenhouse 
gas emission impacts of different uses of forests and assessment of climate change risks to 
forests 

Internationally recognised NSW DPI researcher Dr Fabiano Ximenes has published extensively on 
the life cycle credentials of timber and wood products versus alternative products and is 
recommended as an authority in this area to advise the NSW Independent Forestry Panel.  A 
selection of relevant papers would include: 
Ximenes, F., Grant, T., 2013. Quantifying the greenhouse benefits of the use of wood  
products in two popular house designs in Sydney, Australia. Int. J. Life Cycle Assess.  
18, 891,908.  
Ximenes, F., George, B.H., Cowie, A., Williams, J., Kelly, G., 2012. Greenhouse gas  
balance of native forests in New South Wales, Australia. Forests 3, 653,683.  
Ximenes, F., Bi, H., Cameron, N., Coburn, R., Maclean, M., Matthew, D.S., Roxburgh, S.,  
Ryan, M., Williams, J., Boer, K., 2016. Carbon Stocks and Flows in Native Forests  
and Harvested Wood Products in SE Australia. Project Number: PNC285-1112.  
Forest and Wood Products Australia, Melbourne.  
The international Food and Agriculture Organisation in 2016 published an extensive review paper 
(#177) ‘Forestry for a low-carbon future - Integrating forests and wood products in climate change 
strategies’ (181 pages) that I recommend should be considered by the NSW Independent Forestry 
Panel in framing their Forestry Industry Action Plan. The NSW Government also has highly 
experienced and internationally respected scientists such as Drs Anne Cowie 
(https://www.linkedin.com/in/annette-cowie-20b13b15/) and Fabiano Ximenes 
(https://www.linkedin.com/in/fabiano-ximenes-8b18ab3a/) available to provide professional 
independent scientific advice. 
The 2016 FAO Report concludes: 
‘Forests are critical to mitigation, having a dual role; they function globally as a net carbon sink but 
are also responsible for about 10 to 12 percent of global emissions. Forests and forest products 
offer both developed and developing countries a wide range of options for timely and cost-



  

 

effective mitigation. Afforestation/reforestation offers the best option because of its short 
timescale and ease of implementation. Reducing deforestation, forest management and forest 
restoration also offer good mitigation potential, especially because of the possibility for 
immediate action. Yet forest contributions to mitigation also go beyond forest activities. Wood 
products and wood energy can replace fossil-intense products in other sectors, creating a virtuous 
cycle towards low-carbon economies. The mitigation potential and costs of the various options 
differ greatly by activity, region, system boundaries and time horizon. Policymakers must decide 
on the optimal mix of options, adapted to local circumstances, for meeting national climate 
change and development goals. This publication assesses the options and highlights the enabling 
conditions, opportunities and potential bottlenecks to be considered in making apt choices. 
Aimed at policymakers, investors and all those committed to transition to low-carbon economies, 
it will support countries in using forests and wood products effectively in their climate strategies.’ 
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Abstract
Historically, Queensland’s private native forests have supplied between 40 and 
70% of the hardwood resource to the state’s primary processors. Hardwood timber 
production from state-owned native forests and plantations in Queensland has 
decreased substantially in recent decades, increasing the hardwood timber industry’s 
reliance on private native forests. However, timber production opportunities from 
these forests are poorly understood. This study assessed the future wood supply 
capacity from private native forests in southern Queensland assuming alternative 
levels of landowner interest in management for timber production and willingness 
to invest in silvicultural treatment. Commercial and harvestable private native 
forests in southern Queensland were classified into six forest types and their 
spatial distributions were assessed. Potential growth rates for each forest type were 
estimated based on available literature and expert opinion, and their ability to supply 
logs to industry with and without silvicultural treatments was projected. Commercial 
and harvestable private native forests were found to cover an area of approximately 
1.9 M ha in southern Queensland, of which spotted gum (693,000 ha) and ironbark 
(641,500  ha) forest types are most common. The private native forest estate is 
distributed over 17,665 landholdings (LotPlans), with 17% of these accounting 
for 66% of the commercial and harvestable resource. Most private native forests 
have not been actively managed for timber production and are in poor condition. 
Nevertheless, they presently have the potential to supply between about 150,000 and 
250,000 m3 of logs to industry per annum. Silvicultural treatments were found to 
have the potential to increase the mean annual increment of these forests by a factor 
of between two and four, indicating substantial opportunities to increase harvestable 
log volumes in the medium and long-term. Private native forests in southern 
Queensland could potentially more than compensate for the supply gap left by the 
declining area of state-owned native forests that are available for timber harvesting. 
Actual forest management performed and log volumes supplied to market will 
depend on the forest management decisions of thousands of individual landholders, 
which are influenced by their heterogeneous management objectives, the policy 
environment, perceptions of sovereign risk, timber markets and the long payback 

Extended author information available on the last page of the article
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periods in forestry. An accommodating forest policy environment and landholder 
willingness to invest in forest management could maintain and potentially increase 
private hardwood log supply to industry, which would support farm income 
diversification and regional employment opportunities.

Keywords  Non-industrial private forest · Forest policy · Mean annual increment · 
Silviculture · Log yield

Introduction

Non-industrial private forests are critical to the supply of raw timber to processing 
industries and final consumers. In the European Union, more than 60% of forests are 
privately owned, with these forests being of major importance to timber supplies 
(Sjølie et  al. 2018; Haugen et  al. 2016). In the United States, 60% of forests are 
privately owned (Butler et al. 2021). By ownership, 31% of Australia’s 132 million 
hectares of native forests are in private tenure (Montreal Process Implementation 
Group for Australia and National Forest Inventory Steering Committee 2018). 
Queensland contains the largest proportion of native forest in Australia (Neumann 
et al. 2021), with 51.8 million hectares in total and 14.3 million hectares privately 
owned (Montreal Process Implementation Group for Australia and National Forest 
Inventory Steering Committee 2018). It is likely that the reliance on private native 
forests to supply future timber demands will increase internationally, with policy 
decisions in various countries resulting in limitations on timber harvesting from 
public forestlands (e.g. Haynes 2002), privatisation of previously state-owned forests 
(e.g. Weiß et  al. 2017), or prioritising harvesting from private land (e.g. Petucco 
et  al. 2015). The ability of these forests to supply future timber needs to industry 
depends largely on the forest management and investment decisions of private 
landowners (e.g., Joshi and Arano 2009; Altamash et al. 2020).

Native forests in southern Queensland contain a diverse suite of hardwood 
timber species, including spotted gum (Corymbia citriodora subsp. variegata 
and citriodora), blackbutt (Eucalyptus pilularis)  and ironbark (Eucalyptus fibrosa 
and Eucalyptus crebra) which have excellent and unique structural and aesthetic 
qualities (Ryan and Taylor 2006). Common uses for these timbers include green-off-
saw structural timber, dry flooring and decking, landscaping products and electricity 
distribution poles (Francis et  al. 2020a). In accordance with the Vegetation 
Management Act (VMA) 1999, private native forest management in Queensland 
is currently regulated by the accepted development vegetation clearing code, 
Managing a Native Forest Practice: A Self-Assessable Vegetation Clearing Guide 
(Department of Natural Resources, Energy and Mines 2014), hereafter referred to 
as the ‘Code’. Consistent with the Code, best practice in southern Queensland’s 
eucalypt forests is a selection harvest approximately every 10–20 years followed by 
a silvicultural treatment (D. Menzies, GIS Officer, personal communication, 24 June 
2021). This provides adequate time for commercial stems retained at the last harvest 
to grow substantially in diameter (typically 10–25  cm depending on species and 
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site quality) and log volume, while still being frequent enough to release advanced 
growth from competition before these trees become growth restricted.

The management and processing of timber from state-owned and privately-
owned native forests has sustained employment and income generation opportunities 
in many regional communities of subtropical eastern Australia for over a century 
(Carron 1985; Jay and Dillon 2016). Increased scrutiny of public forest management 
has resulted in substantial declines in log volume supplied from state-owned native 
forests since the 1990s (ABARES 2019; Venn 2023), and the hardwood timber 
industry has become increasingly dependent on private native forests to maintain 
log supply in Queensland (Queensland Department of Agriculture and Fisheries 
2015; Leggate et  al. 2017). Over the period 2004 to 2018, the proportion of logs 
supplied by private native forests fluctuated between about 40 and 70% of the total 
in Queensland (ABARES 2019), with a mean contribution of 54%. At the time of 
writing there are 61 hardwood sawmills in Queensland, with 40 of those located 
in southern Queensland. In 2017, it was estimated that the total throughput of logs 
at hardwood sawmills within southern Queensland was about 325,400 m3, with 
approximately 195,800 m3 (60%) coming from private native forests (Francis et al. 
2020a).

As part of the 1999 South-East Queensland Forest Agreement (Queensland 
Government 1999), the state government committed to phasing out timber harvesting 
in South East Queensland (SEQ) state-owned forests by the end of 2024 (McAlpine 
et al. 2005).1 The SEQ Forest Agreement committed the state to establish hardwood 
plantations to make up for reduced supply to the industry from state-owned native 
forests (Norman et al. 2004; McAlpine et al. 2005) and encourage increased timber 
production from private native forests. However, the plantation expansion has 
been insufficient,  with plantations often established on marginal sites with lower 
growth rates than expected and, in many cases, plantations failed to successfully 
establish (Nolan et al. 2005; Matysek and Fisher 2016; Queensland Department of 
Agriculture and Fisheries 2020b). There is limited investment interest in establishing 
new plantations or replanting harvested hardwood plantations in Queensland 
(Matysek and Fisher 2016), and the hardwood timber industry is expected to become 
increasingly reliant on private native forests (Burgess and Catchpoole 2016).

Increased reliance on private native forests is concerning for the timber industry. 
Landholders in Queensland have been discouraged from investing in native forest 
management because of decades of uncertainty regarding future harvest rights 
(sovereign risk), long payback periods, wildfire risk, and mistrust of harvesting 
contractors, as well as a lack of awareness about forest management practices, timber 
markets, and the potential timber value of well-managed forest (Queensland CRA/

1  In 2019, a variation to the SEQ Forests Agreement was announced to support timber industry jobs. 
Timber production will end in 61,700 ha of State Forests in the SEQ Regional Plan area on 31 December 
2024 (Queensland Department of Agriculture and Fisheries 2020a). However, state-owned native timber 
production will continue in 324,200 ha of state-owned forests in the Eastern Hardwoods Region, through 
to 31 December 2026 (Queensland Department of Agriculture and Fisheries 2020a). It remains unclear 
whether timber production in the Eastern hardwoods will continue post 2026. Together, these areas com-
prise the most productive remaining state forests in southern Queensland.
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RFA Steering Committee 1998; Emtage et al. 2001; Bureau of Rural Sciences 2004; 
Herbohn et al. 2005; Ryan and Taylor 2006; Dare et al. 2017; Venn 2020). Uncertain 
property rights have been empirically linked to increased rates of land clearing in 
Queensland (Simmons et al. 2018). Consequently, private native forests are in poor 
productive condition due to decades of ‘high-grading’ without follow-up silvicultural 
treatment to thin non-merchantable stems (Ryan and Taylor 2006; Jay and Dillon 
2016), an issue that is also observed outside Australia (e.g. Damery 2007; Russell-
Roy et al. 2014). Although high-grading can be financially beneficial for landholders 
in the short-term (Jay and Dillon 2016), this practice produces stands with limited 
potential for future timber production, and declining genetic and ecological value 
over time (Florence 1996). If landholders can be encouraged to better manage their 
native forests, silvicultural thinning treatments could greatly improve productivity 
by increasing the proportion and growth of trees with commercial boles, as well as 
increasing log quality and size (Burgess and Catchpoole 2016; Jay and Dillon 2016; 
Hu et  al. 2020; Lewis et  al. 2020a; Francis et  al. 2020a). Currently, only a small 
proportion of private native forests are managed with silvicultural thinning.

Current standing timber volumes in private native forests vary by forest type 
and management history; however, there are no publicly available records about 
the latter. The most recent timber inventories of private native forests in the region 
were published in the early 2000s and suggested the standing volume of sawlogs 
and poles was about 5.6 M m3 in SEQ (MBAC 2003a) and 3.2 M m3 in the Western 
Hardwoods Region (WHR) (MBAC 2003b). SEQ is contained entirely within 
the study area for this analysis, as are the most productive forests in the WHR. 
Confidence in these previous estimates is limited by lack of inventory data and long-
term monitoring programs (Ngugi et al. 2018).

Several papers have been published that assess landholder attitudes towards 
forest management. On cleared agricultural land in Australia, landholders perceive 
the environmental and conservation benefits of tree planting as most important, 
while timber production is rarely considered (Emtage et  al. 2001; Herbohn et  al. 
2005; Cockfield 2008a). Landholder attitudes towards timber production from 
private native forests in Australia are comparatively less-well understood; however, 
it appears that private native forest owners are more interested in managing their 
forests for timber production. For example, Dare et  al. (2017) indicated that 
landholders who cumulatively own 55% of the private native forests in northern 
New South Wales were managing their forests for timber production. Cameron et al. 
(2019) summarised a 2018 Private Forestry Service Queensland (PFSQ) survey that 
included responses from 142 landholders in southern Queensland, finding that 85% 
managed their properties for both timber production and grazing. Cockfield (2008b) 
found that landholders in the Darling Downs, Queensland, and the New England 
Tableland, New South Wales, were unlikely to invest in management of their native 
forests for timber production, citing concerns over sovereign risk and the low 
economic benefits of forest management for timber production. However, Cockfield 
(2008b) also indicated that landholders may consider managing their forests for 
timber if it could be shown that combined grazing and timber production resulted in 
a net increase in income. Landholder surveys in eastern Australia have also revealed 
that larger landholders are more likely to manage their forests for timber production, 
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while smaller landholders are more interested in conservation (Cockfield 2008b; 
Dare et al. 2017). The international literature has revealed similar heterogeneity in 
landholder preferences for forest management, with larger and longer-term private 
landholders more likely to engage in timber harvesting (Norldund and Westin 2011; 
Lawrence and Dandy 2014; Butler et  al. 2016; Saulnier et  al. 2017; Kreye et  al. 
2019).

The objective of this paper was to assess future timber supply opportunities 
from private native forests in southern Queensland under different levels of 
landowner interest in management for timber production and willingness to invest in 
silviculture. This information can support decision making about Queensland forest 
policy. Assumptions made about the area and growth rates of private native forest 
that may be managed for timber production have been guided by spatial analysis, 
literature and expert opinion. The paper proceeds by describing methods to define 
commercial forest types, estimate harvestable areas consistent with legislation, and 
estimate commercial growth rates with and without silvicultural treatment. Estimates 
of the timber production potential of private native forests are then reported and 
policy implications discussed.

Study Area and Methods

The study area covers 20.5  M  ha, extending from the Queensland—New South 
Wales border, north to Rockhampton, and west to Goondiwindi, Miles and Injune. 
This is based on an earlier private native forest project (Lewis et  al. 2010), and 
represents the approximate extent of commercially productive hardwood forest in 
southern Queensland.

The harvestable private native forest areas, silvicultural treatments and 
selection harvesting modelled in this analysis are compliant with the Code at 
the time of writing (Department of Natural Resources, Energy and Mines 2014), 
and a summary of Code requirements relevant to this study follows. The VMA 
describes native forest in Queensland as ‘remnant regional ecosystems’ (Category 
B vegetation), ‘regrowth regional ecosystems’ (Category C or R vegetation), or 
‘non-remnant’ (Category X vegetation) (Department of Environment and Resource 
Management 2010). The Code lists the regional ecosystems (REs) in which a native 
forest practice is permitted. At the time of analysis, these included three coastal wet 
sclerophyll native hardwood forest REs, 241 other native hardwood forest REs, four 
cypress forest REs, and 37 rainforest REs. Three permissible silvicultural regimes 
are described, viz. a rainforest selection harvesting regime, a coastal wet sclerophyll 
forest group-selection regime, and a selection harvesting regime for all other 
hardwood and cypress pine forests. Clear-felling is not permitted. A native forest 
practice is not permitted where the majority slope is greater than 45% or 25 degrees. 
The minimum number of retained trees and habitat trees per hectare is specified 
depending on forest type and annual rainfall. Protection measures to minimise 
processes that accelerate soil erosion, cause watercourse instability, or land slips 
are specified, including detailed requirements for the placement and management of 
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snig tracks and landings. No harvesting or silvicultural treatments can occur within 
buffers around streams, the width of which depends on the mapped stream order.

Defining and Mapping Commercial Forest Types

The extent of potentially harvestable private native forest in Queensland was 
determined through mapping carried out by the Department of Environment and 
Science (DES) in 2017 using ArcGIS Version 10.4.1. Lewis (2020) detailed the 
DES mapping methodology, and only a summary is presented below.

Spatial datasets for REs, foliage projective cover (FPC) (FPC14, Statewide 
Landcover and Trees Study, SLATS), remnant mapping (remnant cover 2015), high 
value regrowth (HVR), and other woody vegetation that was not considered remnant 
or high-value regrowth were added to the study area. Areas with slope less than 25 
degrees (to meet Code requirements) were identified by generating a raster dataset 
from a one second SRTM (Shuttle Radar Topography Mission, NASA) derived 
hydrological Digital Elevation Model (DEM-H, Version 1.0, 2011). The union of 
FPC of at least 30%, slope less than 25 degrees and REs where timber harvesting 
is allowed under the Code, with remnant cover, HVR, and other woody vegetation, 
produced a total harvestable forest cover layer. Freehold land was selected using the 
Queensland Cadastral DCDB layer and was intersected with the total harvestable 
forest cover layer to identify harvestable private native forest. It was assumed that 
landholdings (LotPlans) with harvestable native forest areas of less than 20 ha were 
unlikely to have sufficient timber resources to warrant harvesting operations, and 
these were excluded from further analysis. It is possible that a single property with a 
single owner could be made up of multiple LotPlans with land acquisition occurring 
over time.

Six forest types were defined by grouping the 19 commercial forest types 
recognised in the PFSQ classification (PFSQ, c2015). The PFSQ forest types 
comprise only REs that are harvestable under the Code, and where the dominant 
species include recognised commercial Eucalyptus or Corymbia species, 
Lophostemon confertus or Syncarpia glomulifera. The six forest types were 
determined by industry experts based on dominant commercial species, which 
also reflect potential productivity, appropriate silviculture and commercial timber 
values. An additional category, named ‘other harvestable forests’, was included 
to represent forest types that were viewed as non-commercial by industry, despite 
being harvestable under the Code.

The six commercial forest types defined in this study have been presented along 
with the dominant commercial species within each (Table  1). Further description 
of the forest types, including a listing of REs is presented in Appendix 4 of Lewis 
et  al. (2020c). The ironbark forests are primarily in the drier, less fertile western 
and northern parts of the study area. This does not include the coastal ironbarks 
(such as E. siderophloia and E. fibrosa subsp. fibrosa) which often grow within the 
spotted gum or mixed hardwood forest types. These ironbark trees often exhibit 
reasonable growth rates (0.45–0.49 cm DBH per year) but represent only a compo-
nent of the stand (Grimes and Pegg 1979). The mixed hardwood forest type was so 
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named, because relative to the other forest types: (i) the most common commercial 
species on any hectare varies considerably throughout the study area; and (ii) the 
relative frequency of the most common commercially important canopy species on 
any given hectare is lower than in the other listed forest types. The dominant com-
mercial species listed are the three most common in the mixed hardwood forest type 
throughout the study area, although additional commercial species can be locally 
abundant.

The extent and distribution of the six commercial forest types and the other 
harvestable forests type was mapped with ArcGIS version 10.5.1 by grouping REs 
that make up each forest type and intersecting these with the harvestable private 
native forest layer from DES.

The Code specifies that stream orders one and two with stable water features 
require no buffer, and stream orders 3 and 4 require 5 m buffers. Only the highest 
stream order (5) requires more than a 5 m buffer. The majority of remnant forest is 
in upper catchment areas with low order streams. PFSQ (D. Menzies, GIS Officer, 
personal communication, 15 June 2021) estimated that Code requirements for 
stream buffers in the North Burnett region within the study area reduced harvestable 
forest area by 1.4%. In this analysis, a conservative 5% reduction in area for stream 
buffers has been adopted.

Estimating Forest Growth Rates And Log Yields With and Without Silviculture

Plot data were collected in moist tall and spotted gum forest as part of the larger 
project (Lewis et  al. 2020a). However, for the remaining four commercial forest 
types defined in this study, growth data were obtained from a review of literature. 
A meeting of native forest experts was organised where a summary of new data and 
the published literature was presented, and a consensus was reached on appropriate 
mean annual increment (MAI) estimates for each forest type with and without 

Table 1   Commercial forest types adopted for the study area

Forest type Dominant commercial species

Moist tall Eucalyptus pilularis (blackbutt), E. grandis (flooded gum), E. saligna (Sydney 
blue gum), E. acmenoides (white mahogany), E. cloeziana (Gympie 
messmate), Syncarpia glomulifera (turpentine)

Mixed hardwood E. propinqua (grey gum), E. siderophloia (grey ironbark), E. acmenoides 
(white mahogany)

Spotted gum Corymbia citriodora subsp. variegata and citriodora (spotted gum), E. crebra 
(narrow-leaved ironbark)

Blue gum E. tereticornis (Queensland blue gum / forest red gum), E. crebra (narrow-
leaved ironbark), E. siderophloia (grey ironbark)

Gum-topped box E. moluccana (gum-topped box)
Ironbark E. fibrosa (broad-leaved red ironbark), E. crebra (narrow-leaved ironbark), E. 

decorticans (gum-topped ironbark), E. siderophloia (grey ironbark)
Other harvestable forests Commercial species absent or at a density too low for financially viable 

harvesting operations
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silviculture. Table 2 summarises the MAI estimates from the new data (Lewis et al. 
2020a) and the literature presented to the native forest expert group.

This assessment has focused on volume increments as these can be directly 
related to timber products. However, it is noted that basal area increments are also 
reported in the literature (e.g. Neumann et al. 2021), and these show similar trends in 
terms of greater increments in wet forests and lower growth increments in woodland 
environments.

The MAIs reported in Queensland CRA/RFA Steering Committee (1997) 
and Queensland CRA/RFA Steering Committee (1998) were for compulsory 
(high quality) sawlogs and estimated on the basis of average stand conditions and 
management regimes on state land, a condition that Bureau of Rural Sciences (2004) 
asserted is not a plausible approximation of the condition of the resource on private 
land. Nevertheless, the estimates from Queensland CRA/RFA Steering Committee 
(1998) were described as reflecting what could be achieved in private native forest if 
silviculture was improved to the standards practiced within State Forests. By the mid 
to late 1970s, silvicultural thinning began to be phased out in State Forests and had 
stopped completely by the late 1980s (Ryan and Taylor 2006). Therefore, although 
the average productive condition of State Forests is better than private native forests, 
MAIs estimated from State Forest data are unlikely to fully capture the potential 
of periodic (approximately every 10 years) silvicultural treatments to increase the 
productivity of private native forest.

The MAI estimates by forest type in Bureau of Rural Sciences (2004) were 
intended to reflect actual growth rates in private native forests, but were based on 
modelling undertaken by DPI Forestry using plot data from State Forests. MAI 
estimates were provided for moist and dry forests for four product categories: (1) 
compulsory sawlogs; (2) optional sawlogs; (3) girders and poles; and (4) post, round 
and utility products. The MAI of all four product categories was estimated to be 0.8 
m3/ha/yr in moist forests and 0.33 m3/ha/yr in dry forests. For consistency with MAI 
estimates from all other sources in Table 1, only the MAI for compulsory sawlogs, 
optional sawlogs and poles and girders are presented.

Lewis et al. (2010) summarised data on nine silvicultural treatment tree spacing 
experiments from five State Forest spotted gum forests within the study area. Data 
was available for between 20- and 33-years post-treatment. The MAI of total stem 
volumes across all nine treatment spacing trials ranged from 0.88 m3/ha/yr with a 
standard error (SE) of ± 0.06 m3/ha/yr to 1.44 (SE ± 0.06) m3/ha/yr. In contrast, the 
mean MAI of 40 plots in adjacent long untreated spotted gum forest was 0.35 m3/ha/
yr.

Lewis et al. (2020a) used data from a total of 203 plots to assess growth rates of 
treated and untreated stands mostly dominated by spotted gum in the same study 
area as the present study. Most of these plots were located on private land (158) 
across 19 sites, and forty-five plots were located in State Forest. The private native 
forest plots were established between 2010 and 2014. Repeated measures occurred 
between 2010 and 2017. Average growth rates of merchantable timber volume in 
this assessment ranged from 0.35 (SE ± 0.05) m3/ha/yr in unmanaged stands in State 
Forest to 1.67 (SE ± 0.17) m3/ha/yr in silviculturally treated regrowth forest, with an 
average of 1.2 (SE ± 0.07) m3/ha/yr across all silviculturally treated plots.
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Uncertainty about what fraction of the private native forest estate is managed for 
timber production, as well as the high proportion of hardwood log volume coming 
from private native forest and the low growth rates of untreated forests, means that 
standing timber volumes that are potentially available to industry at the time of writ-
ing are highly uncertain. Consequently, this assessment of potential long-term saw-
log and pole yield has focussed on projected annual growth and has not considered 
the potential for (unsustainably) running-down current standing volumes.

Table  3 presents the consensus of experts regarding MAI of sawlog and pole 
volume in the six commercial forest types with and without silvicultural treatment. 
Average growth rates in well-managed private native forests range from 0.6 m3/
ha/y in ironbark forests to 3.5 m3/ha/y in moist tall forests. The available literature 
and expert opinion have provided a range which reflects variation in site quality, 
historic management and species composition. A stochastic approach to project 
future log yields was necessary to capture this variability and provide decision-
makers with the capacity to generate confidence intervals. However, there are no 
Queensland native forest merchantable growth datasets for different forest types 
and management regimes to which MAI probability distributions can be fitted. 
The use of probability distributions for uncertain model coefficients is preferable 
to deterministic approaches, even when data are scarce (Birge and Louveaux 1997; 
King and Wallace 2012). In the absence of data, probability density functions have 
been fitted to the minimum, mean and maximum MAI estimates for each forest 
type with and without silvicultural treatment. A normal probability density function 
provided the best fit for moist tall untreated forest, while the Weibull probability 

Table 3   Estimates of MAI adopted and model parameters

a The moist tall untreated forest is the only forest type where a normal probability density function 
provided the best fit. The standard deviation was 0.42. The MAIs for all other forest types were simulated 
using the Weibull distribution

Forest type Silviculture MAI of stands (m3/ha/yr) Weibull 
distribution 
parameter

Mean Low High α β

Moist tall Untreated 1.7 a 0.50 3.0 n.a n.a
Moist tall Treated 3.50 2.00 7.0 2.0 1.80
Mixed hardwood Untreated 0.30 0.10 1.0 1.6 0.25
Mixed hardwood Treated 1.30 0.50 4.0 1.9 0.60
Spotted gum Untreated 0.30 0.05 2.0 1.7 0.30
Spotted gum Treated 1.30 0.50 2.0 1.3 1.03
Blue gum Untreated 0.30 0.20 1.0 1.0 0.14
Blue gum Treated 1.00 0.50 2.0 1.9 0.60
Gum-topped box Untreated 0.15 0.05 0.4 1.9 0.12
Gum-topped box Treated 0.80 0.40 1.5 2.5 0.46
Ironbark Untreated 0.15 0.05 0.4 1.9 0.12
Ironbark Treated 0.60 0.30 1.2 1.8 0.37
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density function provided the best fit for silviculturally treated moist tall forests and 
all other forest types. The standard deviation (SD) for the normal distribution, and 
the scale parameter (α) and shape parameter (β) for the Weibull distribution were 
determined for each forest type such that the cumulative probability under the 
probability density function between the minimum and mean MAI was equal to 
0.5, and the cumulative probability under the probability density function between 
the minimum and maximum MAI was equal to 1. The probability density function 
parameter levels are reported in Table 3.

Potential annual log yields (Y) for sawlogs and poles from private native forests in 
the study area have been estimated as follows:

where: Y is potential annual log yield (m3/yr);
PNFMT is the proportion of private native forest managed for timber production 

(%);
ST is the proportion of private native forest managed for timber production that is 

also silviculturally treated (%);
FAi is the area of forest type i (ha);
MAINTi is the MAI of forest type i when the forest is not silviculturally treated 

(m3/ha/yr); and
MAISTi is the MAI of forest type i when the forest is silviculturally treated (m3/

ha/yr).
PNFMT was examined at the levels of 30, 40 and 50%, and ST was examined at 

the levels of 0–50% in 5 percentage point increments. The same levels of PNFMT 
and ST were adopted for all forest types in this assessment despite differences in 
productivity. Monte Carlo simulation was performed to produce 1000 estimates of 
Y for each combination of PNFMT and ST. This was achieved by generating 1000 
random numbers between 0 and 1 for each forest type, in both their silviculturally 
treated and untreated conditions, for all combinations of PNFMT and ST. Each 
random number was then compared against the cumulative probability density 
function fitted for the relevant forest type, and the MAI associated with that 
cumulative probability was drawn for application in Eq.  (1). The median and 
interquartile ranges were then determined for each combination of PNFMT and ST.

Results

Forest Types and Their Distribution

The area of private native suitable for timber harvesting depends on the pres-
ence of commercial tree species and legal restrictions under the Code. In accord-
ance with the Code, the study area had a total harvestable private native forest 
area of 2,091,000 ha, with 1,886,400 ha considered commercially important (total 

(1)

Y = PNFMT ∗

[

6
∑

i=1

((

(1 − ST) ∗ FA
i
∗ MAINT

i

)

+
(

ST ∗ FA
i
∗ MAIST

i

))

]
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harvestable private native forest area minus other harvestable forests). In the same 
study area, state owned forests cover around 2,424,600 ha. Spotted gum and iron-
bark forests dominate private native forests in southern Queensland (Fig. 1), with 
harvestable areas of 693,000 ha and 641,500 ha, respectively (Table 4). The moist 
tall forest is the most productive forest type (Table 3), but has the lowest harvestable 
area (Table 4).

Figure 2 illustrates the distribution of harvestable and commercial private native 
forest among LotPlans in the study area. There were 17,665 LotPlans with greater 
than 20  ha of harvestable forest, accounting for the 1,886,400  ha of commercial 
and harvestable private forest. Twelve percent (2113) of these LotPlans had at least 
20 ha of harvestable forest, but less than 20 ha commercial forest. There were 2950 
LotPlans (17% of total) with at least 150 ha of commercial and harvestable forest, 
accounting for 66% of the commercial forest in the study area. There were 653 Lot-
Plans (4% of total) with at least 500 ha of harvestable and commercial forest in the 
study area, accounting for 36% (680,000 ha) of the total, including 283,000 ha of 
spotted gum forest.

Forest Growth Rates and Potential Annual Log Yield With and Without 
Silvicultural Treatment

Figure  3 presents the medians and interquartile ranges derived from the Monte 
Carlo simulation with Eq.  (1). The projected range of potential log yields at 
no silvicultural treatment is based on merchantable growth only and does not 
account for the potential to run-down existing standing volume. This log volume 
range (129,200 and 299,900 m3/yr) is indicative of long-term log yields avail-
able under existing management, given the low rates of silvicultural treatment in 
private native forests, the prevalence of high-grading, and the uncertainty about 
area of harvestable private native forests managed for timber. The level of private 
sawlog and pole supply in 2017 was 195,800 m3 (Francis et al. 2020a), which is 
the mid-range of these estimates.

These results indicate that silvicultural treatment can substantially increase log 
yields from commercial and harvestable private native forests (Fig. 3). For example, 
if 40% of harvestable private native forests are managed for timber production and 
30% of these could be silviculturally treated, private native forests could potentially 
supply between 341,700 and 441,600 m3/yr. This is substantially higher than current 
supplies from state and private land combined. Given differences in treatment 
responses between forest types, if treatments were concentrated in forest types with 
higher MAIs, potential log yields would be higher than those reported in Fig.  3. 
However, the projected increase in log yields for alternative levels of silvicultural 
treatment above the zero silvicultural treatment levels in Fig. 3 will not be achieved 
until about 20-years after commencement of a silvicultural treatment program. Log 
yields could be maintained within the zero silvicultural treatment range during the 
years before silviculturally treated forests are available for harvest.
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Discussion and Policy Implications

Findings of this paper suggest that southern Queensland private native forests can 
supply current hardwood log demand, and more than compensate for the transfer 
of state-owned production forests to the conservation estate, provided government 
policy is supportive of forestry and landholders are willing to perform silviculture 
and harvest timber. The potential has been estimated as a function of the proportion 
of the total harvestable private native forest estate managed for timber, the 
proportion of this area that is silviculturally treated, and the forest type.

Fig. 1   The spatial distribution of harvestable private native forest in the study area
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It is challenging to estimate actual log volumes that will be supplied to market in 
the future, because this will depend on the policy environment, timber markets and 
the forest management decisions of thousands of individual landholders who each 
have heterogeneous forest management objectives. This assessment has been based 
on Queensland forest policy and timber markets at the time of writing. A range of 
private native forest management and silvicultural treatment scenarios were consid-
ered in this assessment because there is a dearth of information about historic and 
future landholder management and harvest intentions. Previous research has sug-
gested about 50% of the total harvestable area of private native forests may be being 
managed for timber production in southern Queensland (Bureau of Rural Sciences 
2004; Queensland CRA/RFA Steering Committee 1998). Actual future log volumes 
will also depend on the availability of labour to perform the necessary silvicultural 
treatments. For example, if 40% of private native forests are managed for timber 
production, and 10% of these are silviculturally treated, then about 3770 ha must be 
treated annually.2. There are no publically available records of the area of private 
native forest that has been silviculturally treated, although anecdotal evidence sug-
gests only a small area has been treated to date. Therefore, log volumes available to 
industry from private native forest cannot be predicted with the same level of preci-
sion as may be expected in the case of a large plantation estate managed by a single 
public or private owner.

Previously published estimates of potential annual log yield from private native 
forests in southern Queensland vary depending on study area and commercial 
forest definitions. For example, both Queensland CRA/RFA Steering Committee 
(1998) and Bureau of Rural Sciences (2004) examined yields within the SEQ Forest 

Table 4   Harvestable area of 
private native forest in the study 
area by forest type

a The harvestable area is the area of potentially harvestable private 
native forest in accordance with the Code, and not  the actual area 
managed for timber production (which is unknown). Forests with 
slope exceeding 25 degrees have been excluded from these area 
estimates, and forest area (net of slope exclusions) for each forest 
type has been reduced by an additional 5% to account for stream 
buffer requirements of the Code

Forest type Harvestable areaa (ha) Fraction of 
total (%)

Moist tall 33,400 1.6
Mixed hardwood 159,600 7.6
Spotted gum 693,000 33.1
Blue gum 253,300 12.1
Gum-topped box 105,600 5.1
Ironbark 641,500 30.7
Other harvestable forests 204,700 9.8
Total 2,091,000 100.0

2  This annual rate of treatment is equal to one-twentieth of 10% of 754,600 ha.
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Fig. 2   Cumulative area of harvestable and commercial forest by LotPlans categorised by area of com-
mercial forest on individual LotPlans

Fig. 3   Potential annual log yield given 30, 40 or 50% of commercial and harvestable private native for-
ests are managed for timber production, at alternative proportions of silvicultural treatment. Note: The 
bold lines represent the median and the shaded areas represent the corresponding interquartile range. 
Overlapping colours represents overlap in the interquartile range between forest area managed for timber 
production scenarios
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Agreement region (which is fully within the study area adopted in this paper), 
reporting the area of commercially important private native forest at 1.25 and 
0.75 M ha, respectively. Assuming 50% of these forests were managed for timber 
and no silvicultural treatments were performed, Queensland CRA/RFA Steering 
Committee (1998) estimated the potential annual yield at 108,000 m3, and Bureau of 
Rural Sciences (2004) at 50,000 m3, representing MAIs of 0.17 and 0.13 m3/ha/yr, 
respectively. These studies only considered compulsory sawlogs in their estimations 
of annual yield. For the larger study area adopted in this paper, and also assuming 
50% of private native forests are managed for timber and that no silvicultural 
treatments are performed, the median potential annual log yield has been estimated 
at 256,000 m3 (Fig. 3), representing a weighted average MAI of 0.26 m3/ha/yr for all 
commercial log products (i.e. compulsory and optional sawlogs, poles, salvage and 
fencing materials) across the six commercial forest types. This estimate is consistent 
with Lewis et al. (2010), who reported growth rates of untreated spotted gum forest 
in southern Queensland at 0.35 m3/ha/yr.

Empirical data, literature review and expert opinion revealed the potential for 
silvicultural treatments to increase MAI by a factor of between two and four. For 
example, this study revealed that if 50% of commercial and harvestable private native 
forests were managed for timber production, and half of that area was silviculturally 
treated, the median annual log yield starting about 20  years after commencement 
of a silvicultural treatment program could be about 623,000 m3/yr. That represents 
a weighted average MAI of 0.66 m3/ha/yr across the six commercial forest types, 
and a doubling of the current combined state and private log harvest. This weighted 
MAI estimate is consistent with the Bureau of Rural Sciences (2004) assertion that, 
with good management, rates of ‘average [compulsory] sawlog growth of 0.5 to 1 
m3/ha/yr are not inconceivable over a large proportion of forests in SEQ’ (p. vii).

Silvicultural treatments in private native forests in southern Queensland are finan-
cially viable (Francis et  al. 2020b, 2022; Venn 2020), and potential new markets 
in southern Queensland for small logs for biomass energy (Ngugi et al. 2018) and 
the manufacture of laminated veneer lumber (LVL) (Venn et al. 2021) may facili-
tate increased levels of silvicultural treatment. The majority of private native for-
ests in the study area are on properties where the main economic activity is beef 
cattle grazing (Lewis et al. 2020a, b, c). These landholders are more likely to con-
sider managing their forests for timber if it could be shown that combined graz-
ing and timber production resulted in a net increase in income Cockfield (2008b). 
Francis et al. (2022) found that the financial performance of southern Queensland 
farms managed as silvopastoral systems (by integrating cattle grazing with active 
native forest management for timber production) was greater than the financial per-
formance of either grazing or timber alone.

Sound financial performance of native forestry with silvicultural treatments has 
not translated into landholder practices for three main reasons: (a) sovereign risk 
(uncertain future harvest rights); (b) long payback periods; and (c) limited forestry 
knowledge among landholders (Queensland CRA/RFA Steering Committee 1998; 
Bureau of Rural Sciences 2004; Thompson et  al. 2006; Venn 2020). Changes 
in vegetation management regulations in Queensland since the 1990s have led to 
landholder uncertainty regarding future property rights and has been empirically 
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linked to increased rates of land clearing (Productivity Commission 2004; 
Simmons et al. 2018). Future changes in Queensland forest policy could positively 
or negatively affect timber markets, the area of harvestable forest, the harvestable 
volume per hectare, required stem retention levels (affecting forest productivity and 
regeneration), and landholder decisions about how much forest to manage for timber 
and levels of silvicultural treatment to perform. For example, in 2021, a Native 
Timber Advisory Panel was established to advise the Queensland government 
on policy options for the native forest hardwood timber industry (Queensland 
Department of Agriculture and Fisheries 2021), and this may affect forestry 
opportunities in private native forests. The timber industry and landholders have 
long argued that encouragement of sustainable forest management practices requires 
certainty of harvest rights (Dare et  al. 2017; Downham et  al. 2019; Francis et  al. 
2020a). Without this certainty, landholders are less likely to invest in sustainable 
forest management, more likely to ‘high-grade’ their forest, and more likely to clear 
their forest where they have the right (e.g. category X vegetation in Queensland), 
so as to generate less risky income streams from cattle or cropping. In addition, the 
Queensland government commitment to transfer state-owned production forests 
to the conservation estate by 2024 (Queensland Department of Agriculture and 
Fisheries 2020) will directly impact log supply to industry and perhaps indirectly 
impact log demand by reducing the financial viability of some wood processors. 
These timber market impacts will affect forestry opportunities for landholders, as 
well as the regional forest industry.

Long payback periods are a disincentive for private native forest management. 
Venn (2020) proposed an annuity payment system for landholders to facilitate 
silvicultural treatments, similar to one proposed by Vanclay (2007) to stimulate 
conservation management in private native forests. A private or public investor 
with a long-term investment horizon would be required initially to fund the annuity 
payments and silvicultural treatments over the first 20  years. If industry (e.g. 
sawmills) were to contribute to these annuity payments, they could also become 
more active participants in the value chain by building relationships with private 
forest owners. Harvest revenues from treated forests would be sufficient to continue 
funding the program and provide a return to the investor after 20  years. The 
landholder would surrender their rights to manage timber to a professional forestry 
management organisation in return for the annuity payment. However, the landholder 
would maintain their right to access their forest for timber for domestic purposes 
and for non-timber uses, such as grazing and recreation. The contract would need 
to be for at least 20 years to ensure an adequate return on silvicultural investment. 
Modelling by Venn (2020) using the growth rates reported here, as well as industry-
reported silvicultural treatment costs and stumpage prices, revealed the investor 
could earn a 5% per annum return on invested funds while paying landholders a $40/
ha annuity. Transaction costs associated with such an investment scheme need to be 
investigated. Presumably a minimum forest area per landholder would be necessary 
for commercial viability. Landholders may also need to be aggregated spatially to 
facilitate economies of scale, both for transacting with the investor and for forest 
management.
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In the absence of detailed information about heterogenous private native forest 
landholder attitudes, it is challenging to comment about the likely uptake of an 
annuity program by landholders that would require engagement with professional 
forest managers. Nevertheless, in Australia and internationally, managers of 
larger landholdings have been found more likely to engage in forest management 
for timber production (Cockfield 2008b; Dare et al 2017; Saulnier et al. 2017). In 
southern Queensland, smaller landholders closer to the coast do not rely solely on 
their properties for income, while larger landholders, who are generally located 
further from the coast, do predominantly rely on farm income (S. Ryan, Consultant, 
PFSQ, personal communication, 19 November 2021). Given 66% of commercial 
and harvestable private native forests in the study area are located on the 17% of 
LotPlans with at least 150  ha of commercial and harvestable forest, there is an 
opportunity to secure future hardwood log supplies for industry by targeting 
extension services and financial incentives at larger landholders. For example, 
only about 250,000 ha of silviculturally treated private native spotted gum forests 
(13.3%) of the commercial and harvestable private native forest estate in southern 
Queensland) would be required to perpetually supply the total public and private 
hardwood log volume that was supplied to industry in 2017.

In recent decades, state government-based private native forest extension 
programs have decreased. PFSQ (2000 to present) and Agforests (2005–2012) 
have stepped into this void and performed extension work and research trials with 
landholders. Nevertheless, most private native forest landowners still have poor 
knowledge about the potential financial benefits of a well-managed forest (Dare et al. 
2017; Francis et al. 2022), including opportunities for joint production of cattle and 
timber in silvopastoral systems (Cockfield 2008a, b; Francis et al. 2022). Extension 
services that increase awareness of the potential financial returns and improve the 
capacity of landholders to manage their forests could encourage greater interest 
in forestry and silvopastoral systems. Cameron et  al. (2019) reported that 100% 
of surveyed southern Queensland landholders were interested in learning forest 
management skills by attending field days, and 81% of respondents agreed that a 
training and extension program would improve their forest management practices.

Around the world, the management of forests for wood products temporarily 
affects forest composition and structure, and therefore ecosystem services relevant 
to biodiversity conservation, ecosystem functioning and carbon sequestration 
(Martinez Pastur et  al. 2020). A biodiversity concern in Australia and elsewhere 
is loss of habitat trees (Neumann et  al. 2021). However, forest management has 
been found to not impact the minimum recommended threshold for habitat trees 
in southern Queensland (Neumann et  al. 2021). Venn (2023) asserted that a mix 
of selectively harvested, and conservation native forest areas would maximise 
Queensland’s contribution to global efforts to protect biodiversity and mitigate 
climate risk. To encourage greater community trust in forest management practices 
and mitigate environmental concerns, landholders managing their forests could 
be encouraged to participate in forest certification through schemes, such as the 
Australian Forestry Standard or Forest Stewardship Council. However, individual 
landholders have typically been deterred from participating in such schemes due 
to high access costs and administrative loads (Dare et  al. 2017). To overcome 



19

1 3

Timber Production Opportunities from Private Native Forests…

this barrier, landholders could work with groups, such as PFSQ, who are already 
certified. Industry could also contribute to the costs of forest certification to assist in 
developing relationships with landholders and demonstrate a long-term commitment 
to environmental, social and economic sustainability. Additionally, regional 
landholder associations could manage their forests together under one certification 
and share the associated costs. This approach has been adopted internationally, such 
as in the United States and Sweden, where small forest owners are group certified 
through umbrella organisations such as Forest Owner Associations (Lidestav and 
Berg Lejon 2011; Overdevest and Rickenbach 2006). Larger landholders are more 
likely to engage in forest certification in Australia and internationally (Lidestav and 
Berg Lejon 2011; Ma et al. 2012; Dare et al 2017).

The majority of privately-owned native forests are presently in poor productive 
condition, being overstocked and dominated by non-commercial stems (Jay 2017; 
Lewis et  al. 2020b). Nevertheless, this study has demonstrated the potential for 
private native forests to supply relatively large volumes of hardwood logs to the 
Queensland timber industry. Estimation of actual log volumes harvested in the 
future would require thorough examination of the impacts of many social and 
economic factors that were beyond the scope of this study, including government 
policy regarding forest management and decarbonising industry, landholder 
management objectives and timber markets. An accommodating policy environment 
that overcomes perceived sovereign risk and facilitates silvicultural treatment is 
necessary to maintain and potentially increase private log supply. Fulton and Race 
(2000) and Emtage et al. (2006) have suggested that regional landholder typology 
studies would be useful to better understand landholder perspectives on forestry 
opportunities, constraints and necessary conditions to overcome those constraints. 
Informed by a typology study, targeted funding for native forest extension and 
silvicultural treatment programs for private landholders may be worthy of further 
evaluation.
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A B S T R A C T   

In many countries, forest policies have been enacted that reduce opportunities for public and private native 
forests to be sustainably managed for multiple uses, including timber production. Such policies have typically 
been implemented out of concern for the environment, but policy-makers often make poor assumptions about or 
ignore the associated perverse ecological and economic trade-offs that can threaten global action to conserve 
biodiversity and mitigate climate risk. The purpose of this paper is to inform and promote research on the 
application of the land sharing–sparing framework to better accommodate ecological and economic trade-offs in 
forest policy evaluation. The regional context is Queensland (QLD), Australia, where consideration is being given 
to policy changes that will substantially increase land sparing within the public and private native forest estate 
by contracting the area available for management under land sharing with selection timber harvesting. A 
modified conceptualisation of the land sharing–sparing framework is introduced, which explicitly accounts for 
the role that international trade can play in facilitating domestic land sparing policy. Critical reviews of literature 
concerning six important ecological and economic trade-offs that are associated with domestic forest policy are 
presented: (a) international biodiversity conservation; (b) climate risk mitigation; (c) securing domestic wood 
supply; (d) resourcing domestic forest management; (e) management of wildfire risk; and (f) domestic biodi
versity conservation. Under existing policy settings, increased land sparing in QLD has a high risk of unintended 
negative outcomes, including for international biodiversity conservation and carbon emissions. While land 
sparing can benefit species that require long undisturbed forest habitat, conservation of most native flora and 
fauna in QLD is not substantially affected or is enhanced by selection harvesting practices permitted in the state. 
Decades of poor government resourcing of conservation estate management and timber plantation expansion 
suggests increased land sparing will have negligible benefits for domestic biodiversity conservation and wood 
supply in the absence of a considerable and permanent reallocation of scarce resources. In contrast, land sharing 
can provide greater long-term climate risk mitigation benefits, promote high biodiversity values through creation 
of heterogeneous landscape mosaics and leverage private sector resources for conservation activities. These 
complex ecological and economic trade-offs have been collated for the first time in an Australian context and 
justify further research to explore their quantification and accommodation within the land sharing–sparing 
framework to better inform forest policy-making.   

1. Introduction 

In Europe, North America and Australia, timber harvesting in native 
forests has been politically charged for decades, with numerous conflicts 
between environmental groups, the timber industry and government 
agencies over the impacts of timber production on biodiversity (Cub
bage et al., 1993; Dargavel, 1995; Hellström, 1999; Furness et al., 2015; 
Davey, 2018a). Australia's National Forest Policy Statement (Common
wealth of Australia, 1992) recognises the need for a sound scientific 

basis for sustainable forest management, efficient forest use, and pro
vision of other social and conservation objectives. However, opportu
nities for sustainable harvesting in native forests of Australia have often 
been overtaken by domestic politics that play to key ideological symbols 
and short-term political interests, rather than according to scientific 
evidence and the long-term national and global interests (Kanowski, 
2017; Dargavel, 2018; Deegen, 2019; Jackson et al., 2021; Forestry 
Australia, 2022). This has been exacerbated by confusion about the 
environmental impacts of forestry due to: 
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a) low public awareness, including a false understanding that biodi
versity can only be protected by prohibiting timber harvesting 
(Florence, 1996; Wilkinson, 2006; Edwards et al., 2014b; Matysek 
and Fisher, 2016);  

b) government statistics that record forestry as a form of land clearing 
alongside urban, mining and agricultural developments (Metcalfe 
and Bui, 2016; Curtis et al., 2018; Anon, 2021);  

c) the media providing similar levels of coverage to both published, 
peer reviewed scientific research and unsubstantiated assertions 
made by individuals with no formal science qualifications (e.g. 
Honan, 2021); and 

d) instances of false or unsupported claims about native forest man
agement published in peer-reviewed scientific journals (Poynter and 
Ryan, 2018).1 

The economic reality is that rural land is managed for mineral, crop, 
livestock and timber production because of domestic and international 
demand for these goods. When a government implements policies to 
limit domestic native forest timber production, the excess domestic 
timber demand will be satisfied by a combination of substitution with 
domestic plantation timber (for some product types if there is excess 
supply), increased production of substitute products with substantially 
higher levels of embedded carbon (e.g. steel, aluminium, plastic, brick, 
concrete, and carpet) (Sathre and O'Connor, 2010), and increased 
plantation and native forest timber imports that can drive forest 
degradation and rural land use change in developing and other producer 
countries (Meyfroidt et al., 2010; Seto et al., 2012; Petrokofsky et al., 
2015a; Moran and Kanemoto, 2017; Pendrill et al., 2019; Hoang and 
Kanemoto, 2021). Timber importing nations can falsely appear to be 
more ecologically sustainable at the regional scale, with governments 
and consumers rarely taking responsibility for, or even being aware of, 
the environmental damage and ecosystem changes that occur in the 
country from where their wood originates (Kastner et al., 2011; Mills 
Busa, 2013). 

The ecological reality is that, in a world where biodiversity is 
threatened by climate change, habitat fragmentation, invasive species 
and uncharacteristic disturbance regimes, conservation will often 
require active management and diverse disturbance regimes in space 
and time (Stanturf et al., 2014; Kearney et al., 2018; Belmonte et al., 
2019; Jackson et al., 2021; Ward et al., 2021). Unfortunately, conser
vation estate management is often chronically under-funded (Watson 
et al., 2014; Queensland Treasury Corporation, 2018), resulting in 
adoption of a non-intervention strategy sometimes described as ‘benign 
neglect’ (Brown, 1996). Opportunities for biodiversity conservation in 
forests managed sustainably for timber production to complement the 
strict conservation estate need to be evaluated if well-informed decisions 
are to be made. This paper considers the ecological and economic trade- 
offs associated with selection timber harvesting in native forests in the 
Australian state of Queensland (QLD). The state has 51.6 million hect
ares of native forest (39% of the national total), some of which are 
commercially important and available for selection harvesting under 
existing forest policy (ABARES, 2018). 

Forest policy is developed by governments to reflect ‘social choices’ 
to guide how forest resources will be managed over time to achieve a 
stated or implicit objective (Cubbage et al., 1993). Since establishment 
of the QLD Forest Service in 1906, forest policy in QLD had promoted 
selection harvesting systems in public and private native forests to 
supply the hardwood industry, provide income diversification oppor
tunities for farmers, and generate substantial levels of employment and 
income in regional areas (Carron, 1985; DPI Forestry, 1998; Queensland 
Department of Agriculture and Fisheries, 2016). In 1999, a land sparing 

agreement was struck between conservationists, the timber industry and 
the QLD Government in the South East QLD Forest Agreement, a highly 
politicised institutional response to conflict over the allocation, use and 
management of state-owned native forests (Queensland CRA/RFA 
Steering Committee, 1999; Lane, 2003; McAlpine et al., 2005). This 
included the immediate transfer of 53% of state-owned timber produc
tion native forests to protected area status, with harvesting permitted in 
the remainder until 2024, while a substitute long-rotation (25 to 30 
years) hardwood plantation resource was established (McAlpine et al., 
2005; GHD, 2015). The hardwood plantations have failed, the QLD 
Government is considering options to transfer more of the state-owned 
timber production native forests to protected area status, and the 
hardwood timber industry is becoming increasingly reliant on private 
native forests (GHD, 2015; Burgess and Catchpoole, 2016; Matysek and 
Fisher, 2016; Venn et al., 2021), where sovereign risk has long been a 
serious impediment to investment in sustainable management 
(Queensland CRA/RFA Steering Committee, 1998b; Bureau of Rural 
Sciences, 2004; Dare et al., 2017; Downham et al., 2019; Francis et al., 
2020). 

In 2021, a Native Timber Advisory Panel was established to advise 
the QLD Government on policy options for the native forest hardwood 
timber industry (Queensland Department of Agriculture and Fisheries, 
2021). In essence, forest policy-makers in QLD are attempting to opti
mise the mix of forestland allocated to conservation, extensive (i.e. se
lection harvesting systems in native forests) and intensive (i.e. exotic 
and native species plantations) management. This decision space can be 
well-represented by the land sharing–sparing framework, which facili
tates understanding and quantification of commodity production and 
biodiversity conservation trade-offs between alternative region-wide 
land-use scenarios (Finch et al., 2020). Comprehensive reviews of 
empirical applications have revealed that the framework holds much 
promise to inform improved land management decision-making, as an 
alternative to more common ad-hoc, and politically-based approaches 
(Balmford, 2021; Betts et al., 2021; Sidemo-Holm et al., 2021). 

The purpose of this paper is to promote research to support the 
application of the land sharing–sparing framework to inform develop
ment of evidence-based, ecologically sustainable and socio- 
economically efficient forest policy in QLD. Inspired by Grau et al. 
(2013), a modified form of the land sharing–sparing framework that 
explicitly accommodates international impacts of domestic forest policy 
is described in the following section. Applying this framework in QLD 
requires context-specific empirical research to:  

1. better understand and quantify the ecological and economic trade- 
offs between land sharing and sparing;  

2. establish reference conditions against which ecological outcomes 
under alternative forest management approaches can be evaluated; 
and 

3. develop a decision support tool to evaluate the ecological and eco
nomic performance of forest policies over space and time. 

In the absence of a research program, this paper presents the first 
comprehensive review of literature to highlight the complex trade-offs 
associated with alternative forest policies in an Australian context. It 
was necessary to take a broad scope because discussions about forest 
management and policy in Australia routinely fail to adequately 
consider the important and complex implications for international 
biodiversity conservation, domestic biodiversity conservation, climate 
risk mitigation, securing domestic wood supply, resourcing domestic 
forest management, and mitigating wildfire risk. Finally, the paper 
makes recommendations about research methods to establish ecological 
reference conditions and the development of an integrative decision 
support tool to facilitate application of the land sharing–sparing 
framework. 1 Unlike China, Canada, Japan, the United States, and many European 

countries, Australia does not have a national office for research integrity 
(Worthington, 2022). 
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Although the paper has an Australian focus, international readers 
will find insights relevant to other contexts. Many nations import sub
stantial volumes of wood products, and the modified conceptualisation 
of the land sharing–sparing framework presented is necessary in these 
contexts to explicitly account for the ecological footprint of interna
tional trade, which can facilitate domestic land sparing. The section on 
climate risk mitigation reviews international literature on the carbon 
benefits of managing forests for production and strict conservation, and 
explains why empirical literature has come to opposing conclusions. 
Sharing–sparing practitioners have frequently given limited consider
ation to economics in their analyses; however, this review has identified 
critical implications of public and private resourcing (e.g. trained 
personnel and equipment), private property rights and opportunity costs 
on the effectiveness of sharing and sparing policies to deliver domestic 
biodiversity and timber production outcomes. Similar economic re
lationships likely exist in international contexts and failure to 
adequately account for them represents a serious limitation of the utility 
of the sharing-sparing framework. The sharing-sparing trade-offs for 
conservation of flora, mammals, birds, reptiles and amphibians in an 
Australian context can inform discussion and development of global 
strategies to conserve biodiversity. 

2. Modified conceptualisation of the land sharing–sparing 
framework to accommodate the international ecological 
footprint of domestic forest policy 

The land sharing–sparing framework arose in literature pertaining to 
biodiversity conservation–agricultural production trade-offs (Balmford 
et al., 2005; Green et al., 2005; Dorrough et al., 2007; Phalan et al., 
2011), but has been increasingly applied to biodiversity con
servation–forestry trade-offs (Law et al., 2017; Runting et al., 2019; 
Betts et al., 2021; Himes et al., 2022). The typical application optimises 
allocation of land to alternative uses to maximise biodiversity conser
vation, subject to maintaining a particular level of commodity produc
tion (Betts et al., 2021). In the forestry context, extensive management 
in native forests with selection harvesting systems is an example of land 
sharing. Wood products can be produced jointly with biodiversity con
servation, although some biodiversity may be disadvantaged in partic
ular places at particular times relative to non-harvested conservation 
forests. Conversely, disturbance associated with selection harvesting 
and silvicultural treatments will advantage some biodiversity. Inten
sively managed timber plantations allow for land-sparing; the plantation 
conservation benefit hypothesis (Pirard et al., 2016). Relative to selec
tion harvesting in native forests, a smaller plantation area is required to 
supply the market with the same timber volume, which allows more 
native forest to remain unharvested and be allocated to the conservation 
estate. The conservation estate is often land tenure-based (e.g. National 
Parks on public land and Nature Refuges on private land in QLD), but 
can also be achieved through legislated restrictions on private property 
rights. An important trade-off with land sparing is that plantation forests 
are typically biologically depauperate relative to native forests managed 
under selection harvesting regimes (Norman et al., 2004; Chaudhary 
et al., 2016). Furthermore, in the Australian context, native forests 
produce a suite of unique hardwood timbers with desirable properties 
for high-value products that cannot be supplied by Australian softwood 
or hardwood plantations (IFA / AFG Board, 2020). 

Fig. 1 provides abstract illustrations of contrasting domestic forest 
policies ranging from land sharing (policy A) to land sparing (policy E). 
Earlier literature focussed on land sharing or sparing strategies exclu
sively, but recent studies have incorporated a triad approach, or inter
mediate strategy, which mixes land sharing and land sparing (Betts 
et al., 2021; Himes et al., 2022). The triad is illustrated by policy B. 
Policies C and D are proposed additions to the framework described 
below. The domestic conservation estate area is maximised by policy E, 
although the area of native vegetation (extensively managed and con
servation forest) is maximised by policy A. In the standard 

conceptualisation of the land sharing–sparing framework, alternative 
target levels of domestic timber production are proposed, and domestic 
forest management and biodiversity conservation outcomes associated 
with each of these production levels are simulated for policies A, B and 
E. The domestic socio-economic impacts can then be traded off against 
domestic environmental outcomes at the landscape-scale over time. 
International ecological and economic impacts of alternative domestic 
production levels are not explicitly accommodated within the frame
work. However, in open economies, trade in wood products is common 
and imported wood volumes are likely to increase when domestic pro
duction falls. 

Practitioners of land sharing–sparing have identified several neces
sary improvements to the standard conceptualisation, including joint 
consideration of additional environmental and socio-economic costs and 
benefits (Tisdell, 2015; Balmford et al., 2018a; Balmford, 2021; Betts 
et al., 2021; Sidemo-Holm et al., 2021). Grau et al. (2013) highlighted 
the need to accommodate the potential global benefits of changes in the 
spatial and temporal distribution and abundance of domestic forest 
biodiversity to avoid biodiversity losses and carbon emissions embodied 
in imported wood products or the manufacture of non-wood substitutes. 
This suggests application of the land sharing–sparing framework can be 
improved by optimising the domestic and international allocation of 
land to alternative uses to satisfy domestic consumer demand. Fig. 1 
indicates an accounting for the international forest management impacts 
of domestic forest policy. The introduction of policy options C and D 
permits comparison of the global economic and ecological outcomes of 
domestic policies that achieve lower domestic production targets. Pol
icies C and D increase the domestic conservation estate area relative to 
policies A and B; however, this is accompanied by a greater impact on 
international forest than is the case with policies A, B and E. 

3. Implications of domestic land sparing on international 
biodiversity conservation 

Prior to the Second World War, land sharing was the forest man
agement paradigm in Australia. There was a transition to policy B (see 
Fig. 1) after the War, and since the 1980s forest policy throughout 
Australia has shifted towards policy C. The state governments of Victoria 
(VIC) and Western Australia (WA) have announced transition to policy D 
within the decade. Policies C and D are unlikely to generate global net 
gains in biodiversity conservation and carbon sequestration (Gan and 
McCarl, 2007). Even if the transitions in VIC and WA are accompanied 
by a large plantation expansion program, there will be a 25 to 30-year 
period of policy D until policy E can be achieved. As discussed in Sec
tion 5, policy E requires displacement of other productive agricultural 
land uses and is unlikely to be achievable in Australia without consid
erable long-term government investment. International impacts need to 
be better accommodated in domestic forest policy analysis. 

As Australia's population grew by 39% over the period 1996 to 2018, 
total domestic softwood and hardwood sawlog and veneer log produc
tion decreased from 0.84 m3/capita to 0.65 m3/capita (ABARES, 2022). 
A major contributor to this decline was the transition in most Australian 
states away from policy B toward policies C and D. Publicly-owned 
production native forests were transferred to the conservation estate, 
and domestic native hardwood sawlog and veneer log production fell 
from 4.0 million m3/y to 1.8 million m3/y (ABARES, 2022). Whittle 
et al. (2012, 2013) argued that high international leakage would likely 
arise from avoided harvesting in Australia's public native forests. 

Estimating Australia's international forest products footprint is 
complicated by differences in recovery of marketable product from log 
volume, and trade data that does not record volume (only value) for 
several major imported wood product categories, including wood 
furniture, and builders' carpentry, mouldings and doors (ABARES, 
2022). With an aim to motivate further research, Fig. 2 has been derived 
from Forest Trends (2017) and ABARES (2022) to provide a preliminary 
assessment of the roundwood equivalent (RWE) import volume of solid 
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wood and engineered wood products (EWPs) by nation and nation 
groupings of product origin. It indicates an increase in imports from 2.9 
million m3/y RWE to 6.5 million m3/y RWE over the period 1996 to 
2018, representing a rise in annual consumption of imported RWE from 
0.16 m3/capita to 0.26 m3/capita. The top-five wood imports in 2018 
were sawn softwood (2.6 million m3 RWE), EWPs (1.9 million m3 RWE), 
wood furniture (1.0 million m3 RWE), builders' carpentry, mouldings 
and doors (0.66 million m3 RWE), and sawn hardwood (0.16 million m3 

RWE). Imported sawn softwood has been sourced from developed 
countries at relatively consistent levels over time (e.g. 2.1 million m3 

RWE in 1996). At least 50% of all other products have been imported 
from China and other developing countries, including greater than 90% 
of wood furniture. Although the annual imported volume of sawn 
hardwood decreased by 0.11 million m3 RWE between 1996 and 2018, 
annual imports of products that utilise hardwoods have increased. For 
example, annual imports of EWPs have increased by 1.5 million m3 

RWE, wood furniture by 0.85 million m3 RWE, and builders' carpentry, 
mouldings and doors by 0.51 million m3 RWE over the same time period. 
In total, Australia imported about 98 million m3 RWE in solid wood 
products and EWPs over the period 1996 to 2018. 

The increase in Australian demand for imported solid wood products 
and EWPs since 1996 has largely been met by developing countries (0.5 
million m3 of RWE in 1996, and 2.4 million m3 of RWE in 2018) (derived 
from ABARES, 2022). Illegal logging is responsible for up to 30% of 

global timber production, and 50% to 90% of harvesting in many 
tropical countries (INTERPOL, 2019). The primary impacts of timber 
harvesting (e.g. tree felling, snigging and roading) in developing coun
tries often facilitate far more severe and enduring secondary (non- 
forestry) impacts, including illegal and planned land clearing radiating 
out from logging roads (Putz, 2011; Edwards et al., 2014b; Brandt et al., 
2016). There is evidence that large volumes of a popular imported 
substitute for QLD native forest hardwood decking, merbau (Intsia spp.), 
are being illegally and unsustainably harvested in Indonesia, Malaysia, 
Papua New Guinea, and Pacific Island nations (Tong et al., 2009; 
Shearman et al., 2012; Riddle, 2014; Anon, 2020; Ng et al., 2020). 

Australia imported 1.2 million m3 of RWE wood products from China 
in 2016, half of which was wood furniture (Forest Trends, 2017). In that 
year, China imported 29.6 million m3 of RWE hardwood timber, 
including 77% from countries with high risk of poor governance and 
corrupt institutions that are associated with high levels of illegal logging 
and broader land clearing, including Papua New Guinea, Solomon 
Islands, Cambodia, Myanmar, Laos, Malaysia, Thailand, Republic of 
Congo, and Ghana (Forest Trends, 2017; Yi, 2019; Guan et al., 2020; 
Siriwat and Nijman, 2023). Demand for wood products from China is 
positively correlated to loss of forest cover in the low and middle-income 
countries from which China sources its wood (Fuller et al., 2018; 
Shandra et al., 2019). 

Australia imported 0.64 million m3 of RWE from Indonesia and 

Fig. 1. Conceptual illustration of five forest policies that will satisfy domestic consumer demand for wood products by altering the area of domestic and international 
forests managed for conservation, extensive timber production and intensive timber production. 
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Malaysia in 2018. Historically, a large proportion of timber produced in 
Indonesia has been illegally harvested, with the World Resources Insti
tute reporting that 219 million m3 of illegally-sourced wood was har
vested there over the period 1991 to 2014 (Chitra and Cetera, 2018). 
The most recent attempt by Indonesian authorities to address illegal 
logging is the Timber Legality and Sustainability Verification System 
(Sistem Verifikasi Legalitas dan Kelestarian, SVLK), which was intro
duced in 2009 to facilitate Indonesia's participation in trade in legal 
timber through a Voluntary Partnership Agreement (VPA) under the 
European Union (EU) Forest Law Enforcement, Governance and Trade 
(FLEGT) Action Plan (Susilawati and Kanowski, 2022). However, the 
SVLK system is regularly bypassed and levels of illegal timber harvesting 
in Indonesia remain high (World Bank, 2019; Susilawati and Kanowski, 
2022; Berenschot et al., 2023), with illegal Indonesian wood products 
arriving in the EU directly and indirectly via less regulated countries, 
including China (Partzsch et al., 2023). Demand for solid wood products 
and EWPs from Indonesia and Malaysia has been linked to the decline of 
the orangutan, Malayan tiger, Asian sunbear and Asian tapir (Jamhuri 
et al., 2018; Pandong et al., 2019; Sapari et al., 2019; Namkhan et al., 
2021). One month after the September 2021 announcement of the shut- 
down of native forest timber production from state-owned lands in WA, 
local furniture makers were already looking to import substitute timber 
from Indonesia (Mackintosh, 2021). 

The Federal Government of Australia budgeted $0.9 million in 
2021–22 to assess Australia's exposure to illegally harvested timber 
imports (Frydenberg and Birmingham, 2021).2 By contributing to in
ternational demand for wood products from developing countries, 

Australian consumption is likely to encourage illegal logging, defores
tation and biodiversity decline (Lenzen et al., 2012; Taylor et al., 2016; 
Kitzes et al., 2017; Moran and Kanemoto, 2017; Chaves et al., 2020; 
Shigetomi et al., 2020) regardless of whether Australian imports from 
these nations are legally sourced. Further research is necessary to 
quantify the ecological footprint of Australian wood imports and ac
count for the footprint within domestic forest policy-making. 

4. Climate risk mitigation trade-offs associated with land 
sharing and sparing 

Fully decarbonising global industry is a central part of achieving 
climate stabilisation under the Paris Agreement's goal of limiting 
warming to less than 2 degrees Celsius (Rissman et al., 2020). Interna
tionally, the construction sector is responsible for a large fraction of 
greenhouse gas emissions, with concrete and steel production together 
representing about 10% of total global emissions (Davis et al., 2018; 
Shanks et al., 2019). There is strong evidence that wood products are 
associated with lower lifecycle carbon emissions when compared to 
products made from non-renewable or emissions-intensive materials 
such as steel, concrete, plastic, brick and carpet (Sathre and O'Connor, 
2010; Lu et al., 2017; Leskinen et al., 2018; Sandanayake et al., 2018; 
Rissman et al., 2020; D'Amico et al., 2021; Verkerk et al., 2021). How
ever, focus areas for the QLD Government to manage risks and realise 
opportunities associated with climate change and the transition to a zero 
net emissions economy excluded forestry and wood products, and pro
moted low-carbon cement and steel to decarbonise the construction 
sector (Ernst and Young, 2019a, 2019b). 

The Intergovernmental Panel on Climate Change (IPCC) has long 
argued that forest management aimed at maintaining or increasing 

Fig. 2. Australian roundwood equivalent import volume by country of origin from 1996 to 2018. 
Notes: RWE volume has been estimated from ABARES (2022) volume import data for roundwood, sawnwood (hardwood and softwood) and EWPs (veneer, plywood 
and particleboard), and value import data for wood furniture and miscellaneous wood products (including mouldings and doors, builder's carpentry and parquet 
flooring, and household articles such as frames, utensils, ornaments, tools and tool handles). RWE volume for sawnwood assumes a recovery rate of 35% from log 
volume for hardwood and softwood logs. RWE volume for EWPs assume a recovery rate of 50% from log volume. ABARES (2022) reported wood furniture and 
miscellaneous wood product imports in Australian dollars at $2.1 billion and $1.6 billion in 2018, respectively. Import RWE volume to value ratio for imported 
furniture from China in 2016 was 496 m3 RWE/million Australian dollars, and for all miscellaneous wood products averaged 530 m3 RWE/million Australian dollars, 
but was 670 m3 RWE/million Australian dollars for builders' carpentry, mouldings and doors (Forest Trends, 2017). These ratios were used to convert inflation- 
adjusted Australian dollar import values for all years to RWE volume. In 2018, China accounted for 65% of wood furniture imports and other developing coun
tries accounted for a further 25%. In 2018, China accounted for 28% of miscellaneous wood product imports, and other developing countries a further 30%. 

2 All reported dollar amounts are Australian dollars. 
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forest carbon stocks, while producing an annual sustained yield of 
timber, fibre and energy, will generate the largest sustained climate risk 
mitigation benefit from forests (Metz et al., 2007). There are four main 
carbon benefits of forests managed for timber (Lippke et al., 2014; 
Williams et al., 2016; Köhl et al., 2020). First, the harvested logs can be 
transformed into wood products that store carbon off-site for many de
cades in use (e.g. electricity distribution poles, structural timber and 
engineered wood products), while freeing up growing space within the 
forest for regeneration to sequester more carbon. Furthermore, at the 
end-of-their useful life, wood products can store substantial volumes of 
carbon for long time periods if disposed in landfills (Ximenes et al., 
2015; Ximenes et al., 2019). Second, wood products from sustainably 
managed forests can displace high embodied carbon substitutes (e.g. 
steel and concrete) and avoid carbon emissions from unsustainably 
managed forests that would otherwise supply substitute wood products. 
Third, thinned trees from silvicultural treatments, harvest residues in 
the forest, and residues at the mill can potentially be utilised to help 
meet energy needs by recycling biosphere carbon and avoiding fossil 
fuels that transfer geologic carbon to the biosphere. Fourth, there are 
climate risk mitigation benefits of having a diversified portfolio of forest 
carbon sinks through land sharing, including wood products, displaced 
substitute products and energy, which are less susceptible to distur
bances such as wildfires and cyclones than carbon stored on-site only via 
land sparing. Offsetting these gains from wood utilisation are fossil fuel 
emissions from the harvest, transport and processing of the logs, the 
decay of forest and mill residues, and the foregone higher level of carbon 
stored in living (unharvested) biomass in conservation forest. 

Empirical literature on carbon balances of forests managed for con
servation and timber production have come to opposing conclusions (e. 
g. Krankina et al., 2012; Peckham et al., 2012). To a large extent, this 
reflects the carbon accounting framework adopted, scope of the analysis, 
adequacy of data used, and localised conditions. The choice of ac
counting framework is particularly important; for example, the Kyoto 
framework does not account for carbon storage in landfill, avoided 
carbon emissions embodied in substitutes (e.g. steel, concrete and wood 
from unsustainably managed forests) and avoided fossil fuel emissions 
by using biomass for energy (UNFCCC, 2008; IPCC, 2013). The 
Australian National Carbon Accounting System (NCAS) does account for 
carbon stored in landfill, but not avoided emissions in substitutes and 
avoided fossil fuel consumption (Australian Government Department of 
Industry, Science, Energy and Resources, 2020, 2021). In contrast, a life 
cycle assessment (LCA) takes into account all relevant carbon emissions 
and removals, which represents the best approximation of actual at
mospheric impacts. The potential for emissions from poor land sharing 
forest management practices to outweigh the benefits of utilising wood 
is not disputed, which is why it is critical to apply an LCA to compre
hensively assess net carbon sequestration attributed to forest manage
ment and the timber industry on a case-by-case basis (Moroni, 2013; 
Dugan et al., 2018; Leskinen et al., 2018). Life cycle carbon implications 
of forest management will vary depending on (i) forest growth rates, (ii) 
natural disturbance regimes, (iii) forest management practices, (iv) 
enforcement of property rights to forest land (which affects the level of 
secondary impacts of harvesting in developing countries), (v) level of 
sovereign risk (which affects landholder incentives to manage forest in 
developed and developing countries), (vi) markets for timber (influ
enced by wood properties and economic factors such as mill-delivered 
log cost and distance to markets), which affects species, log types and 
volumes harvested, as well as the wood products manufactured, (vii) 
efficiency of wood processing industries (in terms of energy inputs and 
the recovery of product from log volume), and (viii) the atmospheric 
impacts of using wood and non-wood substitute products. 

Researchers in Australia and internationally who have concluded 
land sparing will generate superior climate outcomes have typically 
adopted a partial carbon accounting framework, such as Kyoto 
(Colombo et al., 2012; Dean et al., 2012; Krankina et al., 2012; Perkins 
and Macintosh, 2013; Keith et al., 2014; Mackey et al., 2020; Frontier 

Economics and Macintosh, 2021; Mackey et al., 2022). Researchers who 
have adopted the LCA approach have typically found land sharing 
generates net carbon sequestration benefits relative to land sparing 
(Kaul et al., 2010; Peckham et al., 2012; Klein et al., 2013; Oliver et al., 
2014; Sasaki et al., 2016; Gustavsson et al., 2017; Suter et al., 2017; 
Morrison Vila et al., 2021). A lifecycle assessment has not been per
formed for native forest management in QLD, although studies in 
northern New South Wales (NSW) with similar climate, forest types, 
selection harvest regimes and hardwood industry structure, have 
revealed land sharing will sequester more carbon over time than land- 
sparing (Ximenes et al., 2012; Ximenes et al., 2016). These findings 
are complemented by Australian research that has shown substantial 
carbon emissions reduction can be achieved by using more wood 
products in construction (Yu et al., 2017), including halving the lifecycle 
emissions of detached houses (Carre, 2011; Ximenes and Grant, 2013) 
and reducing the lifecycle emissions of midrise residential buildings by 
one-third (Jayalath et al., 2020). In forest-poor Asian nations, including 
Taiwan, Japan and South Korea, Australian wood products for con
struction are considered among the most sustainable, and as having 
lower embodied carbon than equivalent wood products from the USA, 
China, Malaysia, Brazil and Russia (Li et al., 2018). A LCA of the carbon 
balance of native forests managed for conservation and timber produc
tion in QLD is warranted. 

5. Securing domestic wood supply through land sharing and 
sparing 

The economic rationale for government agencies in many nations 
around the world actively managing native and plantation forests on 
public land for timber production during the 19th and 20th centuries 
was that timber could not be sustainably supplied by the private sector 
due to low rates of return and long payback periods (Carron, 1985; 
Dargavel, 1995; Loomis, 2002). Indeed, a precondition for Australia's 
two major plantation expansion phases was considerable direct and 
indirect federal government investment (de Fegely et al., 2011; Burns 
et al., 2015). Australia's softwood and hardwood plantation area peaked 
at just over 2 million hectares in 2011–12 (Whittle et al., 2019); how
ever, the estate had declined to 1,774,660 ha by 2019–20, due to poor 
financial performance of hardwood plantations (Downham and Gavran, 
2020; Legg et al., 2021). 

Timber plantation expansion is necessary to maintain domestic wood 
production under land sparing forest policy. The hardwood plantation 
program in QLD that commenced in the aftermath of the 1999 South 
East QLD Forest Agreement was characterised by selection of marginal 
land for timber growing and poor species-site matching, which resulted 
in low rates of successful plantation establishment, severe disease out
breaks and slow growth rates (Forest and Timber Industry Working 
Group, 2012; Matysek and Fisher, 2016). Pests and diseases in native 
and exotic timber plantations remain a major concern to the Australian 
timber industry (Cameron et al., 2018; Carnegie et al., 2018; Wardlaw 
et al., 2018), and plantations are likely to become more susceptible with 
climate change projected to increase drought-induced tree mortality, 
wildfire risk and cyclone risk (Rhodes and Stephens, 2014). GHD (2015) 
projected there would be about 19,400 ha of hardwood plantations in 
QLD with sawlog suitable species by 2024; however, timber yield is 
expected to be dominated by low quality logs with limited domestic and 
export market opportunities, and only about 13,000 m3/y of logs with 
similar wood properties to small logs sourced from native forests. This is 
equivalent to 10% of the production level of state-owned native forests 
that the plantations were intended to replace (Queensland CRA/RFA 
Steering Committee, 1998b). 

Trade liberalisation in Australia since the 1980s means consumers 
have ready access to low-cost imported timber, which depresses market 
prices for Australian wood products (Stephens and Grist, 2014). Low 
rates of return and the high opportunity cost of 25 to 30 years of fore
gone grazing or cropping income makes it challenging to encourage 
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landholders with suitable soils and rainfall to plant trees for sawlogs (de 
Fegely et al., 2011; Forest and Timber Industry Working Group, 2012; 
Whittle et al., 2019; Hampton, 2021). Whittle et al. (2019) estimated 
that only around 4770 ha of new short rotation hardwood plantations 
and 24,010 ha of new long-rotation softwood plantations could become 
economically competitive with existing agricultural land use throughout 
Australia by 2050. Furthermore, Australian rural communities are often 
in favour of native forest management for timber production, but are 
concerned about the economic and social impacts of expanding timber 
plantations, which was exacerbated by collapse of the tax-driven 
managed investment scheme program in the decade to 2010 
(Schirmer, 2007; Schirmer and Bull, 2014; Kanowski, 2017; Kanowski 
and Edwards, 2021). Since the 2019–20 Black Summer Bushfires, non- 
industrial private plantation growers in Australia have experienced 
large increases in their insurance premiums or cannot obtain insurance 
for their plantations (Makintosh, 2022). There is limited investor in
terest in establishing new plantations or replanting harvested hardwood 
plantations in QLD (GHD, 2015; Matysek and Fisher, 2016), with total 
area of the latter declining by 51.6% over the period 2014–15 to 
2019–20 to 17,900 ha, including a substantial fraction of these being 
cleared for cattle grazing prior to harvest (Legg et al., 2021). 

Under the existing policy environment in Australia, increased timber 
production from plantations will not become available to substitute for 
native forest hardwoods or timber imports (Downham and Gavran, 
2020). Encouraging plantation investments will require policies that 
facilitate partnerships between industry, landowners and government 
that improve their profitability through lower costs, higher productivity 
and additional revenue streams for growers on the basis of their broader 
public benefits (e.g. carbon sequestration) (de Fegely et al., 2011; 
Rhodes and Stephens, 2014; Stephens and Grist, 2014). However, 
policy-makers must be mindful of the substantial negative implications 
for global ecological and carbon footprints if timber imports and non- 
wood substitutes fill the supply gap created by land sparing policy 
while an expanded domestic plantation estate matures. 

There are several reasons why land sharing with selection harvesting 
systems in QLD's native forests can overcome many economic impedi
ments to domestic wood supply associated with plantation establish
ment for land sparing. First, native forests on state-owned and private 
land exist today because they have low opportunity cost; they are the 
residual lands not desired for agriculture (Carron, 1985; Dargavel, 
1995). The low opportunity cost means private landholders are more 
likely to improve the financial performance of their business by man
aging their native forest areas for timber production than by establishing 
timber plantations on their agricultural land. This has obvious impli
cations for likelihood of adoption of native forestry versus plantation 
forestry. Indeed, Cameron et al. (2019) reported that 100% of surveyed 
southern QLD landholders were interested in learning native forest 
management skills by attending field days. The low opportunity cost 
explains the generally much lower market value of native forest land 
relative to cleared agricultural land, which means upfront costs for new 
private or public investments in land sharing are substantially lower per 
hectare than for plantation establishment as part of a land sparing 
strategy. 

Second, native forests are already established and natural regener
ation can be relied on in a healthy forest ecosystem. For example, in 
southern Queensland there are about 1.9 million ha of commercially 
important and harvestable private native forests (Venn, 2020) where 
there is no need to expend resources on the high costs of plantation site 
preparation, establishment and management. Third, the uneven-aged 
structure of QLD's native forests means that many forest areas have 
mature trees ready for harvest in the near term. Fourth, the productivity 
of the native forest estate can be substantially increased with silviculture 
(Venn, 2020). Fifth, native forest management does not generate the 
social upheaval that can be associated with large-scale plantation 
establishment (Forest and Timber Industry Working Group, 2012). 
Sixth, there are proven, high value markets for native forest timbers. 

Over 90% of surveyed native forest sawmills nationally were positive 
about the outlook for demand for their products, with this high market 
standing reflected by the average price of sawn native forest hardwood 
being $1254/m3, while the average price of sawn Australian plantation 
softwood is about $391/m3 (Downham et al., 2019). The native forest 
milling sector of Australia does not need to operate at the same scale as 
the softwood sector to be internationally competitive (URS Australia, 
2012). 

In developed and developing countries, insecure and uncertain 
property rights to timber are major causal factors of high-grading, short 
harvest return intervals, limited investment in silviculture, biodiversity 
loss and ultimately socio-economic or political pressures for deforesta
tion (Zhang, 2001; Fredericksen and Putz, 2003; Souza et al., 2012; 
Petrokofsky et al., 2015b; Putz and Ruslandi, 2015; Simmons et al., 
2018b). A considerable challenge to timber production through land 
sharing in QLD is overcoming sovereign risk. Changes in land manage
ment laws have been closely aligned to changes in government (Reside 
et al., 2017), resulting in 40 amendments to vegetation management 
laws since 2000 (AgForce, 2021) and landholders exhibiting a severe 
lack of trust in the QLD government (Brown et al., 2021). Private native 
forestry is not prohibited, but the incremental legislative restrictions 
periodically reduce the area that can be managed for timber production 
and change allowable silvicultural practices, which raise forest man
agement costs and lower potential harvest revenues. This has discour
aged forest management and caused periods of expedited planned and 
unplanned clearing to generate less risky income streams from cattle or 
cropping (Queensland CRA/RFA Steering Committee, 1998a; Bureau of 
Rural Sciences, 2004; Simmons et al., 2018a). 

In a national survey of wood processing facilities, 47% of native 
forest hardwood sawmills identified resource insecurity as the main 
issue influencing their future investment decisions (Downham et al., 
2019), but in QLD this proportion is 82% (Francis et al., 2020). Resource 
insecurity substantially increases business risk, which reduces invest
ment, industry competitiveness and resilience. Reduced industry 
competitiveness lowers stumpage prices, which further reduces the 
financial viability of landholder investments in forest management. 
Therefore, resource insecurity can establish a reinforcing downward 
spiral for the industry. Certainty of harvest rights will encourage long- 
term investments in sustainable forest management and increase in
vestment throughout the timber value chain (Forest and Timber In
dustry Working Group, 2012; Matysek and Fisher, 2016; Dare et al., 
2017; Downham et al., 2019). Further research is necessary to quantify 
the ecological and economic trade-offs associated with securing do
mestic timber production under land sharing and land sparing policies. 

6. Resourcing domestic forest management through land 
sharing and sparing 

Protected area targets are prominent in international conservation 
commitments, such as Target 3 in the Kunming–Montreal Global 
Biodiversity Framework for the Convention on Biological Diversity 
(UNEP, 2022), and these are consistent with strict conservation reserves 
established through land sparing. The reality in Australia and interna
tionally is that strict conservation areas are unlikely to be sufficient for 
preserving biodiversity and carbon due to their limited area, failure to 
adequately capture all forest types or successional stages, poor con
nectivity and insufficient funding to protect wildlife habitat, manage 
weeds and feral animals, and implement ecologically appropriate fire 
regimes (Brown, 1996; McAlpine et al., 2005; Wilkinson, 2006; Taylor 
et al., 2011; Craigie et al., 2014; Adams et al., 2019; AFPA, 2020; 
Giustafsson et al., 2020; Rossiter et al., 2020; Sheppard, 2021). Global 
studies suggest only 20% to 50% of the world's protected areas are 
effectively managed, with under-resourcing being the primary reason 
for poor management (Watson et al., 2014). In Australia, the expansion 
of native forests within National Parks and other conservation reserves 
from 8.4 to 22 M ha since 1990 (AFPA, 2020) has been accompanied by 
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a progressive loss of forest management and research capacity, with the 
field workforces of state government land management agencies 
declining by about 50% to 67% over the same time period (Queensland 
CRA/RFA Steering Committee, 1998b; McAlpine et al., 2005; Whiteman 
et al., 2015; Queensland Department of Agriculture and Fisheries, 2016; 
Kanowski, 2017; NSW DPI Forestry, 2018; Morgan et al., 2020). 

Under-resourcing can lead to both catastrophic and more gradual 
forms of habitat degradation and poor biodiversity conservation out
comes (Brown, 1996; McAlpine et al., 2005; Wilkinson, 2006; Taylor 
et al., 2011; Craigie et al., 2014; Balmford et al., 2018b; Adams et al., 
2019; Giustafsson et al., 2020; Rossiter et al., 2020; Adams et al., 2021; 
Graham et al., 2021; Sheppard, 2021). Given limited resources for 
conservation, there is a need for evidence-based methods to expend 
resources efficiently by using principles of ecology and economics 
(Murdoch et al., 2007; Possingham et al., 2015; Ando and Langpap, 
2018; Adams et al., 2019; Kuempel et al., 2020). A critical question is, to 
what extent should resources be allocated to expanding the conservation 
estate (i.e. increasing land sparing) versus improving management of 
existing protected areas to an acceptable standard, and complementing 
the conservation estate with land sharing? Improving management of 
existing conservation areas is often a better first investment (Kearney 
et al., 2018; Adams et al., 2019). 

For decades, the operational funding level for QLD's publicly-owned 
protected area estate ($16/ha in 2017–18) has been recognised as very 
low in comparison to other Australian states and internationally, and as 
inadequate for their long-term effective management (Tom Fenwick and 
Assoc. PTY LTD, 2000; McAlpine et al., 2005; Queensland Treasury 
Corporation, 2018). Nature Refuges, a voluntary conservation program 
for private landholders in QLD, which accounts for over 4.4 million 
hectares in the state, has received average annual support from the QLD 
Government of $0.25/ha (Allen et al., 2018; Our Living Outback, 2019). 
The QLD Parks and Wildlife Service annual prescribed fire targets for 
ecological benefits and wildfire risk reduction are often not achieved 
because of a lack of resources, in addition to unfavourable burning 
conditions (Eliott et al., 2020). Indeed, Australia has a long tradition of 
holding inquiries following major wildfire events that recommend 
greater government resourcing of fuel management, followed by failure 
to implement due to a lack of resources and other constraints (Kanowski 
et al., 2005; McCaw, 2013; Ximenes et al., 2017; AFPA, 2020; Groves, 
2021; Keenan et al., 2021; van Oldenborgh et al., 2021). 

Severe resource shortages have led to the adoption by default of a 
‘benign neglect’ approach to conservation in QLD (McAlpine et al., 
2005), which appears to be contributing to declining state-wide biodi
versity conservation outcomes (Queensland Treasury Corporation, 
2018). In 2018, the QLD Government's approach to conserving and 
managing threatened species had been evaluated as lacking a strategy or 
framework and being unlikely to effectively conserve and recover many 
threatened species (Allen et al., 2018; Queensland Audit Office, 2018; 
Queensland Treasury Corporation, 2018). Limited improvement had 
been achieved by 2023 (Queensland Audit Office, 2023). To fund 
necessary upgrades in management of existing National Parks and pri
vate Nature Refuges, the Wilderness Society et al. (2019) and National 
Parks Association of QLD Inc. et al. (2020) recommended the annual 
operating budget of the QLD Parks and Wildlife Service be more than 
doubled from $111 million in 2017–18 (Queensland Audit Office, 2018) 
to $246 million. 

Long-term under-resourcing of land sparing highlights the need to 
consider opportunities for land sharing to improve native forest man
agement through providing income streams from the sale of logs and by 
mobilising private sector resources. As business managers, rural land
owners have financial incentives to respond to government policy and 
market signals to actively manage forest in ways that will benefit 
biodiversity conservation, including through prescribed fire, control of 
invasive species and maintenance of important infrastructure such as 
fire breaks, at levels rarely possible in the publicly-owned conservation 
estate (Tucker and Wormington, 2011; Petrokofsky et al., 2015a; Evans, 

2018). Forest policy that facilitates land sharing could substantially 
improve fire management at the landscape-scale by encouraging private 
sector investment in native forest silviculture, which can reduce the 
extent of wildfires by providing improved access, fire breaks, hetero
geneity in fuel composition and structure, and through maintaining 
skills and capacity to manage prescribed fires and wildfires in difficult 
forest terrain (Stephens, 2010; AFPA, 2020; IFA / AFG Board, 2020; 
Tolhurst and Vanclay, 2021). The Australian red meat sector has a goal 
to achieve carbon neutrality, and improved native forest management 
and reforestation of between 5 million ha and 12 million ha of grazing 
land on these working landscapes are part of the industry's strategy 
(Mayberry et al., 2019). Forest policy that is supportive of land sharing is 
more likely to facilitate private sector investment to achieve this goal 
than land sparing. Forest policy design can be improved by better ac
counting for the implications of land sharing and sparing policies on 
resourcing of forest management and the associated ecological and 
economic trade-offs. 

7. Effects of land sharing and sparing on wildfire risk in 
Australia 

Wildfire is a major socio-economic hazard in Australia (Venn and 
Quiggin, 2017); nevertheless, there is scarce Australian literature on 
whether forestry (land sharing) affects wildfire risk. Papers have 
focussed on temperate forests managed under clearfelling regimes, are 
based on limited empirical evidence, and are conflicting in their findings 
(Keenan et al., 2021). Lindenmayer et al. (2009, 2011, 2020) proposed 
that harvesting in temperate mountain ash (Eucalyptus. regnans) forests 
of VIC has resulted in drier forests with structures that tend to be more 
fire-prone. Similarly, Furlaud et al. (2021a, 2021b) argued harvested 
wet sclerophyll forests of Tasmania are more vulnerable to a ‘landscape 
trap’ effect, where intensive disturbance creates large areas of regrowth 
stands with increased risk of high severity wildfire. Others have argued 
forest flammability can be explained in terms of stand structure and fuel 
accumulation rather than a dichotomy of regrowth stands being highly 
flammable, and mature stands not being highly flammable (Price and 
Bradstock, 2012; Attiwill et al., 2014; Adams et al., 2020). In QLD, NSW 
and VIC, analyses of the impact of the 2019–20 Black Summer Bushfires 
were not supportive of an argument that forestry makes forests more 
fire-prone or facilitated higher severity wildfire (Davey and Sarre, 2020; 
Bowman et al., 2021a; Bowman et al., 2021b; Natural Resources Com
mission, 2021). 

Drought conditions are important for establishment of mega-fires 
(large, high-impact wildfires), but their potential appears to be great
est where historically diverse landscape mosaics have been lost, such as 
in many eucalypt forests of Australia (Williams, 2013). There is 
considerable evidence that forestry landscapes in Australia historically 
had both larger field workforces and more active fuel management 
programs than conservation areas, and had much smaller proportions of 
their estates burned by severe wildfire annually than conservation areas 
(Jurskis et al., 2003; AFAC, 2015; Montreal Process Implementation 
Group for Australia and National Forest Inventory Steering Committee, 
2018). Land use, land use change and forestry data from the Australian 
Greenhouse Emissions Information System administered by the 
Commonwealth Department of Environment and Energy show a corre
lation between increasing wildfire burned area and decreasing pre
scribed fire burned area over the period 1990 to 2017 (Ximenes et al., 
2017; AFPA, 2020). While correlation is not causation, numerous 
Australian and international studies have found mechanical fuel 
reduction treatments and prescribed fire improves the resilience of 
landscapes to wildfire, reduces the risk of catastrophic wildfire, in
creases carbon sequestration and benefits biodiversity conservation 
(Stephens et al., 2012; Burrows and McCaw, 2013; Florec et al., 2013; 
McCaw, 2013; United States Department of Agriculture, 2015; Ximenes 
et al., 2017; Keenan et al., 2021; Lukpat, 2022). 

Climate change is increasing the risk of uncharacteristically severe 
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wildfire in QLD (Hughes and Alexander, 2016; Canadell et al., 2021; van 
Oldenborgh et al., 2021), and there is an urgent need for more active 
forest management through forest thinning and prescribed fire to return 
forests to their historically more fire-resilient ecological condition 
(Ximenes et al., 2017; AFPA, 2020; Morgan et al., 2020; Jackson et al., 
2021). Volkova et al. (2017) found mechanical thinning in VIC alpine 
ash (E. delegatensis) forests reduced wildfire severity and increased fire 
survival of trees. A combination of low severity fire and forest man
agement techniques that mimic low severity fire, such as irregular 
shelterwood harvesting, dispersed retention harvesting and variable 
density thinning, has been suggested to create more fire resilient land
scapes in Tasmania (Furlaud et al., 2021a; Furlaud et al., 2021b). Strong 
consideration also needs to be given to the potential for a greater role of 
cultural burning in management of Australia's native forests (Wil
liamson, 2022). Bowman et al. (2020) argued the need for more 
landscape-scale experiments in Australia, along with improved under
standing of the carbon trade-offs associated with alternative fuel man
agement strategies. Implications of land sharing and sparing practices on 
wildfire management and risk should inform forest policy. 

8. Domestic biodiversity conservation trade-offs associated with 
land sharing 

While recognising that natural forest areas permanently protected 
from anthropogenic disturbances are essential, especially to conserve 
species dependent on old-growth forests, numerous international studies 
in tropical, subtropical and temperate forests have concluded that forest 
biodiversity conservation can be enhanced by a mosaic of selectively 
harvested and unharvested areas when appropriate silviculture is 
employed and forests are protected from illegal and planned land 
clearing (Verschuyl et al., 2011; Burivalova et al., 2014; Edwards et al., 
2014a; Mori and Kitagawa, 2014; Biber et al., 2015; Dieler et al., 2017; 
Schall et al., 2018; Runting et al., 2019). There is no international evi
dence that selection harvesting has caused the extinction of any flora or 
fauna (Koh and Gardner, 2010). This section reviews evidence of the 
effects of land sharing with selection harvesting on biodiversity con
servation in Australia. It commences with an evaluation of timber har
vesting as a historic cause and contemporary threat of species extinction. 
Then the opportunity for land sharing to complement land sparing to 
enhance biodiversity conservation efforts in Queensland is outlined. 
This is supported by a review of literature on the impacts of selection 
silvicultural systems on Queensland's forest flora and fauna, with greater 
detail provided in Appendix A. 

8.1. Evidence of forestry as a historic cause and contemporary threat of 
extinction in Australia 

The 100 Australian species formally listed as extinct (or extinct in the 
wild) since European colonisation in 1788 make Australia responsible 
for about 6% to 10% of the world's post-1500 recognised extinctions 
(Woinarski et al., 2019). On the list are one protist, 38 vascular plants, 
ten invertebrates, one fish, four frogs, three reptiles, nine birds and 34 
mammals. For most species, causality is not well established, and Woi
narski et al. (2019) made an assessment of the likely relative contribu
tion of factors for each extinction. There are four extinct Australian 
species for which timber harvesting may have been a causal factor. 
Those species, along with the relative contribution of timber harvesting 
to their extinction are: Aplonis fusca (Tasman starling, 3.3%); Nestor 
productus (Norfolk Island kaka, 1.7%); Psephotellus pulcherrimus (para
dise parrot, 3.3%); and Pteropus brunneus (dusky flying-fox, 10%). This 
suggests it is improbable that an Australian species has become extinct 
due to timber harvesting. 

Ward et al. (2021) engaged taxonomic experts in generating taxon- 
specific threat and threat impact information to consistently apply the 
IUCN Threat Classification Scheme and Threat Impact Scoring System to 
summarise data on recognized threatening processes affecting all 1795 

nationally listed threatened taxa in Australia. Eight broad-level threat 
categories and 51 subcategory threats were applied, and a total of 4877 
unique taxon-threat combinations identified. The three most frequently 
listed broad-level threats were habitat loss, fragmentation, and degra
dation (1210 taxa), invasive species and diseases (966 taxa), and adverse 
fire regimes (683 taxa). Top-ten subcategory threats include invasive 
weeds (565 taxa), agriculture and aquaculture (411 taxa), other habitat 
loss, fragmentation and degradation (398 taxa), transportation and 
service corridors (324 taxa), invasive predator (276 taxa), urban 
development (242 taxa), suppression in fire frequency or intensity (227 
taxa), invasive ungulate (178 taxa), and disease (159 taxa). Outside the 
top-ten, the subcategory threat ‘human intrusion’ accounts for recrea
tional activities such as bushwalking, dog walking, and horse riding, 
which was found to threaten 110 species nationwide. Forestry was the 
25th most important subcategory threat, with a total of 43 listed species 
impacted nationally, of which 14 species occur in QLD and are listed in 
Table 1. This is 1.3% of the 1034 listed threatened species in Queensland 
(Queensland Audit Office, 2023). The majority of Australian threatened 
taxa are affected by multiple threats. For example, Petauroides volans 
(greater glider), has four subcategory threat listings, of which forestry 
has the least impact. The forestry threat for Lathamus discolor (swift 
parrot) is in this species' breeding grounds in Tasmania. The Macrozamia 
species listed in Table 1 have limited distribution in QLD, and the birds 
listed at the bottom of Table 1 prefer forests that are not targeted by the 
timber industry. 

The minor contribution of forestry as a threatening process for na
tionally listed threatened taxa in Australia is consistent with other 
Australian studies that have highlighted invasive species, modified fire 
regimes, agriculture, urban development, and tourism and recreation as 
being far more important threatening processes (Braithwaite, 2004; 
Burgman et al., 2007; Rankin et al., 2015; Woinarski et al., 2017; Davey, 
2018b; Kearney et al., 2019; Murphy et al., 2019). Unlike other 
threatening processes, there are substantial opportunities to modify 
forestry practices (e.g. retention of habitat trees and stream zone 
buffers) to accommodate the conservation of particular threatened 
species over space and time (Davey, 2018b; Slade and Law, 2018; Munks 
et al., 2020). In southern QLD, the greatest threats to biodiversity con
servation have been identified as land clearing for urban development 
and agriculture, inappropriate fire regimes, and invasive species 
(McAlpine et al., 2005; Evans et al., 2011). 

8.2. The opportunity for land sharing and sparing to provide 
complementary benefits for flora and fauna conservation 

Patch-based conservation approaches that focus on one or a small set 
of important species have been the norm and these tend to assume an 
equilibrium state for natural ecosystems (Lindenmayer et al., 2008). 
While this approach is likely to be required for some species, it can fail if 
the surrounding landscape continues to degrade, will always involve 
substantial trade-offs with the conservation of other species, and is 
complicated and probably impossible to implement at a landscape level 
(Lindenmayer and Franklin, 2002; McAlpine et al., 2002; Lunney and 
Matthews, 2004; McAlpine et al., 2005; Lindenmayer et al., 2008). 
Forest ecologists recognise the need for conservation strategies to 
consider mosaics, landscapes and broader regions, with Lindenmayer 
et al. (2008) and Sayer et al. (2013) providing guidance on principles for 
conservation at the landscape-scale, including:  

• recognising that disturbances can be valuable for ecosystems and 
biodiversity; 

• planning to accommodate successional dynamics, spatial and tem
poral mosaics, localised colonisation and extinction processes, and 
likely range shifts associated with climate change;  

• adopting an experimental framework to ‘limit the risk of making the 
same mistake everywhere’; and 
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• creating human disturbance regimes that are similar to natural 
regimes. 

International forest restoration literature suggests forestry silvicul
tural practices can contribute to biodiversity conservation through 
facilitating heterogeneity at the landscape-scale by managing the (a) 
harvest and silvicultural treatment intensity, (b) retained structural el
ements, and (c) spatial configuration of forests with different times since 

Table 1 
Species in QLD listed under Australia's Environmental Protection and Biodi
versity Conservation (EPBC) Act (1999) as threatened by forestry.  

Species and 
common name 

Group EPBC 
Act 
status a 

Subcategory threat Impact 
score b 

Hirundapus 
caudacutus 
Eastern white- 
throated 
needletail 
(Australia) 

Birds VU Forestry 8 (high) 
Herbicides and 
pesticides 

5 (low) 

Collision (wind 
turbines) 

3 (low) 

Transportation and 
service corridors 
(utility and service 
lines) 

3 (low) 

Lathamus discolor 
Swift parrot 

Birds CR Forestry 8 (high) 
Agriculture and 
aquaculture 

7 (med) 

Increased frequency/ 
severity of drought 

7 (med) 

Collision (vehicles 
and wind turbines) 

5 (low) 

Disease 5 (low) 
Invasive species (bird 
and invertebrate) 

5 (low) 

Problematic native 
species 

5 (low) 

Increase in fire 
frequency/intensity 

4 (low) 

Urban and 
commercial 
development 

3 (low) 

Anthochaera 
phrygia 
Regent 
honeyeater 

Birds CR Agriculture and 
aquaculture 

8 (high) 

Genetic 
introgression/ 
hybridisation 

8 (high) 

Forestry 7 (med) 
Increased frequency/ 
severity of drought 

7 (med) 

Invasive species 
(rabbit) 

6 (med) 

Problematic native 
species 

6 (med) 

Urban and 
commercial 
development 

6 (med) 

Habitat shifting and 
alteration (climate 
change) 

4 (low) 

Bettongia tropica 
Northern 
bettong 

Mammals EN Habitat shifting and 
alteration (climate 
change) 

7 (med) 

Other change in fire 
regime 

7 (med) 

Agriculture and 
aquaculture 

6 (med) 

Forestry 6 (med) 
Invasive predators 
(cats and foxes) 

6 (med) 

Invasive ungulate 6 (med) 
Genetic 
introgression/ 
hybridisation 

5 (low) 

Petauroides volans 
Greater glider 

Mammals VU Agriculture and 
aquaculture 

7 (med) 

Habitat shifting and 
alteration (climate 
change) 

7 (med) 

Other change in fire 
regime 

7 (med) 

Forestry 6 (med) 
Petaurus australis 

Wet Tropics 
subspecies 
Yellow-bellied 
glider 

Mammals VU Agriculture and 
aquaculture 

7 (med) 

Forestry 6 (med) 
Invasive predator 
(cats) 

6 (med)  

Table 1 (continued ) 

Species and 
common name 

Group EPBC 
Act 
status a 

Subcategory threat Impact 
score b 

Other change in fire 
regime 

6 (med) 

Phyllodes imperialis 
smithersi 
Pink underwing 
moth 

Invertebrate EN Agriculture and 
aquaculture 

6 (med) 

Forestry 6 (med) 
Invasive species 
(weeds) 

6 (med) 

Light pollution 5 (low) 
Urban and 
commercial 
development 

5 (low) 

Tylophora woollsii Plants EN Invasive weed 7 (med) 
Inappropriate 
disturbance regimes 

7 (med) 

Other natural system 
modification 

7 (med) 

Forestry 6 (med) 
Transportation and 
service corridors 

5 (low) 

Owenia cepiodora 
Onionwood, bog 
onion, onion 
cedar 

Plants VU Invasive weed 6 (med) 
Forestry 5 (low) 

Macrozamia 
machinii 

Plants VU Direct harvest 5 (low) 
Forestry 4 (low) 

Macrozamia 
conferta 

Plants VU Fire and fire 
suppression 

3 (low) 

Forestry 3 (low) 
Macrozamia 

parcifolia 
Plants VU Fire and fire 

suppression 
3 (low) 

Forestry 3 (low) 
Atrichornis 

rufescens ferrari 
Southern rufous 
scrub-bird 

Birds EN Increase in fire 
frequency/intensity 

8 (high) 

Increased frequency/ 
severity of drought 

7 (med) 

Agriculture and 
aquaculture 

1 (neg) 

Forestry 1 (neg) 
Dasyornis 

brachypterus 
brachypterus 
Southern eastern 
bristlebird 

Birds EN Increase in fire 
frequency/intensity 

8 (high) 

Increased frequency/ 
severity of drought 

7 (med) 

Invasive predator 
(cat and fox) 

5 (low) 

Invasive weed 5 (low) 
Agriculture and 
aquaculture 

1 (neg) 

Forestry 1 (neg) 
Human intrusion 1 (neg) 
Urban and 
commercial 
development 

1 (neg) 

Notes: a. EPBC Act threatened species status categories are: CR, critically en
dangered; EN, endangered; and VU, vulnerable. 
b. Taxonomic expert assignment of the IUCN Threat Impact Scoring System. 
Threats to a taxon are scored on the basis of timing of the threat (i.e. past, 
ongoing or future), the scope of the threat (defined as the proportion of the 
whole population affected), and the severity of the threat (defined as the overall 
declines in population of the taxon). The maximum possible impact score is 9. 
Impact scores under 2 are negligible impact, 2 to 5 are low impact, 6 to 7 are 
medium impact, and 8 to 9 are high impact. 
Source: Ward et al. (2021). 
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disturbance at multiple scales in the landscape (Liu and Taylor, 2002; 
Millar et al., 2007; Stanturf et al., 2014; Leitão et al., 2022). In inter
national agricultural and forestry settings, the triad approach (policy B 
in Fig. 1) at the landscape scale has frequently been found to generate 
particularly high regional biodiversity values, because different suites of 
species benefit from extensive, intensive and conservation land man
agement practices (Finch et al., 2019; Runting et al., 2019; Finch et al., 
2020; Betts et al., 2021; Sidemo-Holm et al., 2021). Lindenmayer et al. 
(2006) argued that landscape-scale spatial and temporal variation in 
conditions is also a useful risk-spread strategy, because there is a dearth 
of information about how most species respond to disturbances such as 
timber harvesting, wildfire and climate change. While there is debate 
about the extent to which silviculture can mimic natural disturbance 
processes, many forest ecologists recommend development of creative 
silviculture to improve the climate resilience, ecological health, biodi
versity conservation, water yield and carbon sequestration potential of 
forests (Ashton and Kelty, 2018; Gustafson et al., 2020; Korb et al., 2020; 
Palik et al., 2020; Thom and Keeton, 2020; Nevins et al., 2021; Ren et al., 
2021; Thom et al., 2021). 

In the Australian context, strong arguments have been made in 
support of adopting a landscape-scale approach to enhancing ecological, 
structural and species diversity through diverse forest management 
practices achieved via a mixture of fire management and silvicultural 
interventions within areas managed for land sharing and land sparing 
(Attiwill, 1994; Florence, 1996; Wilkinson, 2006; Holland and Bennett, 
2007; Eyre et al., 2015a; Gonsalves et al., 2018b; Kearney et al., 2018; 
Law et al., 2019; AFPA, 2020; Baker et al., 2020b; Jackson et al., 2021; 
Saunders et al., 2021). The landscape-scale approach makes it feasible to 
aim to avoid local extinctions of all species, while accepting that pop
ulations of individual species will fluctuate throughout the landscape 
over time in response to temporally dynamic disturbances (McIlroy, 
1978; Loyn and McAlpine, 2001; Smyth et al., 2002). 

Evaluation of the contribution that land sharing can make to biodi
versity conservation in QLD requires an understanding of the sensitivity 
of species to selection timber harvesting. The selection harvesting re
gimes permitted in QLD's native forests affect forest structure, which 
provides temporary advantage or disadvantage for some species of flora 
and fauna. Little had been published on this subject for QLD's eucalypt 
forests prior to the South East QLD Forest Agreement (Kavanagh et al., 
2004), and following implementation of the agreement there were 
drastic cuts to forest research and management budgets (McAlpine et al., 
2005). Consequently, there is limited and dated literature on forestry 
effects on biodiversity in QLD. In contrast, substantial levels of research 
have been performed in northern NSW, which is ecologically similar to 
southeast QLD. The review of literature on the effects of selection har
vesting on QLD's flora and fauna in Appendix A draws heavily upon that 
research and is summarised below. 

The majority of floristic diversity in Australia's eucalypt forests is 
found in the understorey, and there is a large body of evidence that the 
conservation of Australian forest flora is threatened by a lack of 
disturbance (Jurskis, 2005; Turner et al., 2008; Close et al., 2009; Close 
et al., 2011; Horton et al., 2013; Steinbauer et al., 2015; Baker et al., 
2020a). The majority of QLD's threatened species are plants (Queens
land Government, 2021). In QLD, high stocking of suppressed eucalypt 
trees persisting below the canopy, sclerophyll shrubs and rainforest in
vasion are widely reported in fire-excluded sclerophyll forests, recog
nised as a major threat to the conservation of floristic biodiversity, and 
implicated in premature tree decline (Nicholson, 1999; MBAC Consul
ting Pty Ltd, 2003a, 2003b; Ryan and Taylor, 2006; Chapman and 
Kofron, 2010; Stanton et al., 2014; Krishnan et al., 2019). In this context, 
forestry practices including thinning, prescribed fire and harvesting, 
appear to have neutral to positive effects on the conservation of 
Australian floristic diversity (Penman et al., 2008; Lewis and Debuse, 
2012; Jones et al., 2015; Gonsalves et al., 2018b; Brown et al., 2019). 

In a comprehensive assessment of the impacts of timber harvesting 
on forest fauna in northern NSW, Kavanagh and Stanton (2005) found 

mammals were the taxonomic group containing the largest proportion of 
species disadvantaged, compared to those favoured by harvesting, 
although the majority were not significantly affected. The six key threats 
to QLD's koala (Phascolarctos cinereus) population are well-known and 
do not include forestry (McAlpine et al., 2006; McAlpine et al., 2015; 
Rhodes et al., 2017). There is substantial evidence that koala pop
ulations are highly resilient to disturbance by selection harvesting 
(Natural Resources Commission, 2021; Law et al., 2021; 2022a; 2022b), 
and additional detail is provided in Appendix A. The conservation of 
hollow-dependent arboreal mammals can be severely impacted by the 
removal of large trees with hollows (habitat trees) (Eyre et al., 2010). 
Nevertheless, populations of arboreal hollow-dependent mammals have 
remained high in Kioloa State Forest (now Murramarang National Park) 
and McPherson State Forest, NSW, and 11 State Forests in southeast QLD 
after long histories of harvesting (Florence, 1996; Eyre and Smith, 1997; 
Wormington et al., 2002; Law et al., 2013). Existing QLD forestry codes 
of practice (Department of Natural Resources and Mines, 2014) are 
compliant with empirical evidence-based habitat tree retention recom
mendations to conserve arboreal mammal species richness and abun
dance, including for the yellow-bellied glider (Petaurus australis) and 
greater glider (Petauroides volans) (Wormington et al., 2002; Eyre, 2005; 
Eyre, 2006). 

Australia's diverse ground-dwelling forest mammals have different 
and often mutually exclusive forest understorey habitat requirements. 
Managers of wet and dry sclerophyll forests in eastern Australia can 
sustain the ecosystem functions performed by ground-dwelling mam
mals by conserving a mosaic of structurally complex vegetation, as well 
as structural heterogeneity through horizontal patchiness of vegetation 
at the landscape-level (Holland and Bennett, 2007; Sukma et al., 2019). 
Harvesting, thinning and prescribed fire associated with selection 
silvicultural systems will produce structural complexity and heteroge
neity across the landscape (Florence, 1996). Silvicultural treatments 
have been found to have neutral to positive effects on the conservation 
of Australia's ground-dwelling mammals (Wayne et al., 2011; Bain et al., 
2016; Gonsalves et al., 2018b). 

Throughout Australia, the majority of bird species are not affected by 
native forest harvesting (Kavanagh et al., 1995; Calver and Dell, 1998; 
Maron and Kennedy, 2007; Abbott et al., 2011; Barnes et al., 2015; 
Lindenmayer et al., 2019). Out of 129 bird species in northern NSW with 
sufficient data for analysis, 83 species were not statistically significantly 
affected by native forest harvesting, 26 species were temporarily 
advantaged by harvesting and 20 species were temporarily disadvan
taged (Kavanagh and Stanton, 2005). In cypress-eucalypt woodland in 
QLD and NSW, bird species richness tends to be significantly higher in 
selectively harvested areas than unharvested areas, although the abun
dances of individual species may vary (Eyre et al., 2015a; Murphy, 
2020). Owl species are well-distributed throughout timber production 
forests in NSW and have been shown to respond to harvesting and 
wildfire disturbance by recolonising areas as forest regeneration pro
ceeds (Kavanagh et al., 1995; NSW Department of Environment and 
Conservation, 2006). 

Native forest harvesting and thinning practices have neutral to pos
itive effects on reptile species richness and abundance in QLD, NSW and 
WA, relative to conservation or long unharvested forests (Goodall et al., 
2004; Wayne et al., 2011; Eyre et al., 2015a; Gonsalves et al., 2018b). 
Kavanagh and Stanton (2005) examined the impact of selection har
vesting on 41 reptile species in northern NSW, finding 33 species were 
not significantly affected by harvesting, four species were significantly 
favoured, and four species were significantly disadvantaged. Lemckert 
(1999) examined the effect of selection harvesting on the species rich
ness and abundance of breeding individuals for 29 frog species at 212 
sites in the Dorrigo Management Area of northern NSW, finding that 
species richness was significantly positively related to the proportion of 
harvested forest, although the abundance of three species was tempo
rarily reduced in harvested areas. Kavanagh and Stanton (2005) found 
one frog species was negatively affected by selection harvesting in north 
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east NSW. 
The literature review on QLD's flora and fauna presented in Appendix 

A and summarised above suggests that heterogenous landscapes are 
necessary to conserve QLD's full suite of biodiversity, and that the dis
tribution and abundance of the majority of Queensland's flora and fauna 
are not substantially affected by selection harvesting. Selection silvi
cultural systems in QLD's native forests can: (a) restore wildlife habitat 
(Barr et al., 2011; Pike et al., 2011; Sitters et al., 2016; Gonsalves et al., 
2018a; Gonsalves et al., 2018b); (b) have an important role in achieving 
the regular disturbance necessary to promote and conserve floristic di
versity (StClair, 2010; Baker et al., 2020a); (c) improve the resilience of 
large trees (including habitat trees) to climate change and wildfire 
(Bowman et al., 2014; Prior and Bowman, 2014; Bennett et al., 2015); 
(d) accelerate the development of many structural and composition 
components of old-growth eucalypt forests (including habitat trees) 
(Jurskis, 2000; Bauhus et al., 2009; Horner et al., 2010; McLean et al., 
2015; Brown et al., 2019); and (e) promote and maintain the natural 
uneven-aged structure of these forests (Florence, 1996). Further 
research into the positive and negative impacts of selection harvesting 
on species of concern in QLD is warranted to investigate opportunities 
for land sharing to complement land sparing to improve biodiversity 
conservation outcomes in QLD, as well as internationally through 
reducing consumer demand for imported substitute timber. 

9. A call to research to quantify and evaluate the ecological and 
economic trade-offs associated with land sharing and sparing 

The review of ecological and economic trade-offs associated with 
land sharing and sparing has highlighted the complex decision-space of 
forest policy-makers. Development of ecologically sustainable and socio- 
economically efficient native forest policy requires an understanding of 
how policy decisions in QLD impact global efforts to conserve biodi
versity and reduce carbon emissions. Policy-makers must also consider 
the diverse habitat requirements of QLD's forest flora and fauna, and 
how land sharing and sparing management activities can be resourced 
from the public and private sectors to produce the landscape mosaics 
necessary for their conservation. It also requires an understanding of the 
economic factors that influence domestic private land use and determine 
the effectiveness of land sharing and sparing policies to secure domestic 
timber supplies. It appears that substantial ecological and economic 
benefits could be realised from improved domestic and international 
forest management if Australian policy-makers had access to tools that 
could support decision-making consistent with the intent of the National 
Forest Policy Statement (Commonwealth of Australia, 1992), which 
recognises the need for a sound scientific basis for sustainable forest 
management, efficient forest use, and provision of other social and 
conservation objectives. The land sharing–sparing framework is well- 
suited to the task, but application in QLD will require:  

1. quantification of the ecological and economic trade-offs summarised 
in Sections 3 to 8 of this paper; 

2. establishment of reference conditions against which ecological con
ditions under alternative forest management approaches can be 
evaluated; and  

3. development of a spatially and temporally-explicit decision support 
tool that can organise the large datasets from (1) and (2) to explore 
and evaluate the ecological and economic performances of alterna
tive landscape-scale forest management scenarios. 

Data from empirical studies and predictive models are required to 
relate the abundance of large numbers of species, timber production and 
provision of other ecosystem services (e.g. carbon sequestration) with 
forest successional stages due to natural disturbances, conservation 
management and silviculture for timber production (Phalan et al., 2011; 
Betts et al., 2021). A research program to quantify biodiversity con
servation–forestry trade-offs is required to inform decision-making in 

QLD, perhaps with an initial focus on the 14 threatened species believed 
to be impacted by forestry operations in the state. Where possible, 
longitudinal ecological studies that track forest stands subjected to 
alternative management regimes over time should be implemented, 
although space-for-time studies representing the successional spectra of 
ecological communities are likely to be more feasible due to research 
funding structures (Betts et al., 2021). Expert opinion may also be 
required to fill holes in knowledge gained from empirical studies 
(Runting et al., 2019). These data can be used to derive species densi
ty–timber yield functions over time, using methods similar to those 
described by Green et al. (2005) and Balmford et al. (2018b). 

Some ecologists, including Phalan et al. (2011), do not consider 
economics in the land sharing–sparing framework. However, the reality 
is that society has scarce resources, and there are large costs (including 
opportunity costs) associated with effective conservation, extensive and 
intensive forest management strategies (Possingham et al., 2015; Tis
dell, 2015; Sidemo-Holm et al., 2021). The literature review highlighted 
a need to develop several economic trade-off functions to support forest 
policy-making in QLD, including:  

• international ecological footprint–timber yield functions to account 
for the global ecological opportunity cost of reduced domestic wood 
production, with studies such as Wiedmann et al. (2015) and Kitzes 
et al. (2017) providing potential frameworks for quantifying the 
footprint of imported goods;  

• carbon sequestration–timber yield functions that adopt a LCA 
approach similar to the analyses performed by Ximenes et al. (2012, 
2016) for northern NSW to comprehensively assess carbon seques
tration associated with domestic native forest management, and the 
carbon emissions associated with utilisation of substitute non-wood 
and imported wood products; 

• species density–conservation funding functions to account for po
tential improvements in biodiversity conservation in strict conser
vation areas with increased funding devoted to conservation 
management within existing protected areas versus new conserva
tion areas (Possingham et al., 2015; Adams et al., 2019); and  

• regional employment and income–timber yield functions, with Driml 
et al. (2020) and Francis et al. (2020, 2022) providing useful insights 
into the economic trade-offs between land sharing and land sparing 
in native forests. 

One of the challenges to applying the land sharing–sparing frame
work is in establishing reference conditions against which alternative 
forest management approaches can be evaluated. Due to historic man
agement, the current condition of the conservation estate may not 
provide appropriate reference conditions. The BioCondition framework 
developed by Eyre et al. (2015b) specifically for QLD ecosystems was 
applied by Lewis et al. (2020) to assess the impact of silviculture on 
several important ecological attributes in private native forests of 
southern QLD. The forests scored well (Lewis et al., 2020), although 
Thompson et al. (2006) asserted that these types of methods may not 
effectively discriminate between sound and poor forest management, 
and that they may be better suited to assess the ecological impacts of 
land clearing, rather than forestry. 

Lindenmayer et al. (2006) warned that ‘ecological short cuts’ to 
evaluate sustainable forest management, such as indicator species and 
thresholds, have limited utility. Instead, they recommended general 
principles for managing forest biodiversity, including: maintenance of 
connectivity; maintenance of stand structural complexity; maintenance 
of landscape heterogeneity; the use of knowledge of natural disturbance 
regimes in natural forests to guide off-reserve forest management 
practices; and spatial and temporal variation in conditions as a risk- 
spread strategy. These principles are consistent with an alternative 
approach to setting reference conditions; aiming to mimic the historic 
range of variation (HRV) in the frequency, spatial pattern and extent of 
natural disturbance at the landscape scale (Greenberg and Collins, 
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2016). Given that native species evolved to tolerate such disturbance 
regimes, biodiversity is likely to be conserved if management practices 
approximate these (Landres et al., 1999; Venn and Calkin, 2008). 
Nevertheless, the HRV approach has been criticised because of insuffi
cient data about historic disturbance regimes and because they may be 
inappropriate to guide management into the future with climate change 
(Betts et al., 2021). Further research is required to select appropriate 
methods to define reference conditions. 

When ecological and economic trade-offs associated with land 
sharing and sparing have been empirically estimated, and reference 
conditions established, spatially-explicit land sharing–sparing scenarios 
can be defined, simulated over an ecologically appropriate time period, 
and evaluated with respect to their ecological and economic perfor
mances. In this context, decision support tools perform essential func
tions, including organising and retrieving large datasets, requiring 
explicit (‘on the record’) definitions of relationships between variables 
and providing a repeatable evaluation procedure, which together facil
itate a deeper understanding of (and more effective communication 
about) the problem, highlight areas of consensus and disagreement, and 
help to build trust among stakeholders (Sayer et al., 2013). Interna
tionally, forest managers have been extensive users of operations 
research (OR) to support the design and selection of management stra
tegies in spatially and temporally complex ecological and economic 
systems (Venn, 2004; Ronnqvist et al., 2015; Beyer et al., 2016; Kaya 
et al., 2016). OR methods can provide insights into complex problems 
that human experts cannot, by generating many solutions via a series of 
parametric runs of the model and boosting the visioning of new and 
unexpected scenarios. Several recent applications of the land shar
ing–sparing framework for forest management have an OR platform, 
including Law et al. (2017b) and Runting et al. (2019). Geschke et al. 
(2018) applied land sharing–sparing with an OR platform in the context 
of compact versus sprawling Australian cities. 

10. Conclusion 

In many parts of the world, including Queensland (QLD), Australia, 
the ecological and economic realities that should inform native forest 
policy and management can become sidelined by politics, which 
threatens global action to conserve biodiversity and mitigate climate 
risk. By facilitating quantification of the timber production, biodiversity 
conservation and climate risk mitigation trade-offs associated with strict 
conservation, extensive forestry and intensive forestry, the land shar
ing–sparing framework can provide a transparent method to develop 
ecologically sustainable forest policy informed by science and eco
nomics. This paper introduced a modified conceptualisation of the 
framework to better reflect the role that trade in wood products plays in 
facilitating domestic land sparing by shifting the biodiversity and carbon 
footprint of consumption offshore. This paper also presented the first 
comprehensive review of the ecological and economic trade-offs be
tween land sharing and sparing in QLD, finding that:  

1. land sparing policies enacted by Australian states since the 1980s 
have coincided with a rapidly growing international ecological 
footprint of Australian consumers in forests of developing countries;  

2. land sharing is likely to provide greater long-term climate risk 
mitigation benefits in QLD than land sparing coupled with substi
tution of domestic wood products for non-wood products and im
ported timbers;  

3. land sharing can overcome many of the economic impediments to 
satisfying domestic timber demand through land sparing with timber 
plantations;  

4. inadequate operational funding for conservation area management 
means increased land sparing is unlikely to effectively conserve and 
recover many threatened species;  

5. there is no evidence that land sharing increases wildfire risk in QLD;  

6. land sharing can mobilise private sector resources for domestic 
conservation and wildfire management activities;  

7. conservation of the majority of native flora and fauna in QLD is not 
substantially affected or is enhanced by land sharing, while land 
sparing can benefit a comparatively small group of species that 
require long undisturbed forests; and  

8. a mix of land sharing and land sparing (the triad policy B in Fig. 1) 
shows greatest promise to conserve the full suite of biodiversity in 
QLD by producing diverse ecological and structural conditions over 
space and time. 

Given the ecological and economic realities of forest management in 
QLD, it is challenging to mount a strong argument in favour of increased 
land sparing in the state. However, for QLD to take full advantage of the 
benefits of land sharing for biodiversity conservation, and climate risk 
mitigation, sovereign risk must be addressed. Further research is justi
fied to tackle gaps in knowledge, quantify the ecological and economic 
trade-offs between sharing and sparing, and explore opportunities to 
apply the sharing–sparing framework to inform evidence-based forest 
policy in QLD. 
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Brukas, V., Chirici, G., Cordero-Debets, R., Corrigan, E., Eriksson, L.O., Favero, M., 
Galev, E., Garcia-Gonzalo, J., Hengeveld, G., Kavaliauskas, M., Marchetti, M., 
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