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Rehabilitation of native vegetation to represent natural historic ecosystems after
mining is considered leading practice.

Where restoration of a natural historic ecosystem is not feasible, operators should
investigate the potential for establishment of a natural substitute system from the
bioregion in which the mine is located.

Where the inherent biophysical limitations of the land require, a hybrid or novel
ecosystem might be identified as the target but should not be used to ‘lower the
bar’ on achieving high quality ecosystem rehabilitation.

It is leading practice to define specific outcomes and objectives for rehabilitation,
consequently unplanned novel ecosystems cannot be supported as an intended
outcome.

Uncertainty exists as to the sustainability and future maintenance burdens of
hybrid and novel ecosystems.

Management of hybrid systems towards achieving the improved outcome of a
natural ecosystem would represent a leading practice.

Proposals for ecosystem rehabilitation should present:

o a detailed description and justification for the target native ecosystem(s) type to
be achieved

details of current ecological knowledge about appropriate ecosystem
trajectories

an outline of the predicted beneficial environmental outcome(s) that can be
measured

qguantifiable completion criteria that align with the predicted beneficial
environmental outcome(s) and the monitoring methodology suitable to
demonstrate achievement of criteria.

Background

The Queensland Mine Rehabilitation Commissioner (QMRC) engaged Aspect Ecology Pty Ltd to prepare
three technical papers evaluating options for native ecosystem rehabilitation on mine sites in Queensland.
These can be found on the QMRC website (www.gmrc.qgld.gov.au). Native ecosystem rehabilitation is a
common post-mining land use (PMLU) proposed by miners and authorised under environmental authorities
for resource activities.

This “Implications for leading practice” document distils the work undertaken and presents our views on how
it may be used by those working towards leading practice native ecosystem rehabilitation.

Native ecosystem outcomes as proposed by individual operators over the years, has resulted in various
degrees of specificity regarding what constitutes native ecosystem rehabilitation.

Rehabilitation to recreate or restore the historical ecological communities that existed on a site prior to
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mining is leading practice. However, ecosystem restoration is challenging as the process of mining
fundamentally changes the environment by causing significant localised disturbance, limiting restoration of
original landforms, soils, topography, hydrology and system connectedness. Thus, while reinstatement of
natural historic ecosystems may be leading practice, the obstacles faced by operators to achieve this PMLU
prompt us to consider what alternatives exist, what level of ecosystem services can be provided by the
alternatives and when alternative systems can be proposed as a viable outcome.

Native ecosystem rehabilitation

Despite the challenges associated with rehabilitation to a native ecosystem outcome, stakeholders surveyed
placed a high value on the role of regional native floristics to achieve native ecosystem rehabilitation
outcomes (Baskerville et al 2023).

The Society for Ecological Restoration has developed international principles and standards for the
ecological restoration and recovery of mine sites: the Mine Site Restoration Standards (MSRS) (Young et al.
2022). The MSRS provide a framework for the recovery of ecosystems, designed to encourage the highest
achievable level of ecosystem restoration, underpinned by eight ecological restoration principles for mine
sites and is useful to define, guide and measure ecological restoration activities and outcomes.

The technical papers published by the QMRC identify that where biophysical conditions similar to those that
existed pre-mining can be restored, then rehabilitation that targets natural historic ecosystems is leading
practice, aligning with a key objective of the MSRS. Within Queensland, such ecosystems must resemble a
naturally occurring regional ecosystem (RE).The RE framework is based upon three major attributes that
include broad-scale landscape patterns as described by bioregion; geology, soils and landforms described
as land zones; and vegetation described in terms of structure and floristics (Nelder et al 2019). The concept
of natural rehabilitation was expanded to include substitute ecosystems, which allows for operators to select
another RE within the bioregion that more closely resembles the post-mining conditions. Establishing local
natural ecosystems restores local species that have evolved for local conditions and the ecosystem is
therefore more likely to be sustainable in the long-term with lower ongoing maintenance burdens (Gould,
2012; Guimaraes et al., 2013; Gastauer et al., 2019). Natural ecosystems also deliver ecosystem services
such as water supply, carbon sequestration, recreational and cultural areas and genetic resources
(Costanza et al. 2017) that are appropriate for and exist within the region naturally (Rosa et al. 2020).

At times the constraints on practicably restoring natural systems are attendant and further guidance is
needed on what alternative rehabilitation outcomes are possible. Table 1 summarises the various classes of
native ecosystems described in the technical papers and provides an example for each. In this context,
natural systems are those restored to the extent of historic succession trajectory; hybrid ecosystems are
considered to have some but not all of the characteristics of the natural/historic landscape and some novel
attributes; and novel systems are new assemblies of abiotic and biotic attributes resulting in a stable
alternative ecological form that does not resemble natural ecosystems (Doley et al. 2012, Doley and Audet
2013). Both historic and substitute natural vegetation classes are analogous to a regional ecosystem
whereas hybrid and novel classes are considered as no-analogue systems (Seastedt et al., 2008; Hobbs et
al., 2013; Evers et al., 2018). The term ‘analogous’ has been used in place of ‘reference’ in acknowledgment
that rehabilitation is occurring on anthroposol profiles. Table 1 is hierarchical, with natural historic
representing the top of the hierarchy as it achieves the highest level of endemicity.

Implications for leading practice

Early planning and identification of clearly defined objectives and targets for native ecosystem rehabilitation
is important and necessary. Frameworks such as the MSRS can be adopted early and used to optimise
native ecosystem outcomes. For example, the six key ecosystem attributes; setting clear goals and
objectives, and monitoring using measurable indicators; and the ecological recovery wheel outlined in the
MSRS may assist (Principle 3 and Table 3; Principle 5; and Principle 6 and Figure 12 of Young et al. 2022,
respectively).

Mine rehabilitation plans should include a comprehensive description of and justification for the target native
ecosystem(s) to be achieved and detail current ecological knowledge regarding appropriate ecosystem
trajectories. The plans should also articulate the predicted beneficial environmental outcomes, ensuring
these are measurable and accompanied by quantifiable completion criteria. It is crucial that plans detail a
monitoring methodology suitable to demonstrate achievement of completion criteria. Indicators of success
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and various monitoring methods are further explored and evaluated in Spain et al. (2023).

Early selection of the vegetation assemblage is necessary. Identification of analogue sites at this stage will
inform the choice of target species. At times it is difficult to identify a totally undisturbed analogue site and in
such instances the principle of “Best on Offer” is a relevant consideration (Eyre et al., 2017). Respondents to
the stakeholder survey indicated benchmarking against reference sites is a common method to assess
rehabilitation success (Baskerville et al., 2023). Stakeholders also identified the importance of ensuring
reference/analogue sites match the end land use and are analogous to the post mining landform. The role of
analogue sites, particularly for hybrid and novel systems, is discussed in Appendix 2 of Spain et al. (2023).

Availability of seed/seedlings is an important consideration when planning rehabilitation activities and can
have a significant impact upon species selection. Leading practice is to establish the species composition for
the target vegetation community early and plan to ensure seed availability does not become a limiting factor
in rehabilitation efforts. This may include establishment of a site-specific nursery or commercial
arrangements ahead of time to avoid a situation where a species list needs to be reverse engineered based
on the choice of seed commercially available just prior to revegetation works.

Where disturbance of land from mining activities results in minimal impact upon biophysical characteristics
and is surrounded by an existing natural historic ecosystem (such as a laydown, seismic line or well pad),
reinstatement of the historic ecosystem should be the stated objective.

The inclusion of substitute ecosystems as a natural ecosystem class has the benefit of broadening the range
of native ecosystems that can be targeted, whilst utilising co-evolved suites of species that will be consistent
with the climate and landforms of each site’s bioregion. Consequently, where restoration of a natural historic
ecosystem is not feasible, establishment of a natural substitute system from within the bioregion of the site
must be investigated as the next preferred option. It is noted that a proper interpretation of the RE framework
requires the underlying land zone of the rehabilitation area to be the same as that of the substituted system.
While the land zone is a key attribute used to describe an RE, we acknowledge that most rehabilitation will
occur on an anthroposol, resulting in a different underlying land zone. Therefore, in the context of the
technical papers, the focus is on the floristic attributes of the RE. As such, seeking a co-evolved suite of
species on a land zone analogous with the post mining landform would achieve the intent of a substituted
historical system and represents a leading practice. Furthermore, targeted species selection from those
which overlap several REs associated with the relevant land zone may improve the success of rehabilitation.

Hybrid, planned novel and unplanned novel ecosystems inherently imply greater uncertainty in terms of
ecosystem sustainability and resilience, compared to rehabilitated natural ecosystems. While these
categories of native ecosystem are presented as separate entities, they should be considered as points
along a continuum. These classifications are used to explain ecosystems that have developed in disturbed
unmined landscapes, so care must be taken when interpreting and applying the concepts to mine
rehabilitation planning. Further information regarding how these classifications were determined is presented
in Hobbs et al. (2009) and Doley and Audet (2016).

Concerns have been voiced that the concept of novel ecosystems may promote laissez-faire attitudes to
conservation and restoration (Murcia et al., 2014; Higgs, 2017). Some researchers and rehabilitators
contend that acceptance will facilitate the degradation of land through less stringent regulation (Clewell and
Aronson, 2013; Aronson et al., 2014), although this is debated (Hobbs et al., 2014).

At a minimum, the formal incorporation of novel ecosystems as a target in mine rehabilitation activities would
acknowledge that, in some cases, impacts are severe enough to hinder the ability to restore a natural
ecosystem. This may be seen as problematic (Perring et al., 2013), in that “settling” on hybrid or novel
ecosystems as a target may stifle innovation and the development of new techniques for establishing natural
rehabilitation. Thus, operators should remain cognisant of the distinctions between planned novel (i.e.,
designer), unplanned novel and hybrid ecosystems. Leading practices define specific outcomes and
objectives, consequently unplanned novel ecosystems cannot be supported. Furthermore, operators should
consider the implications of future management requirements for the final rehabilitated ecosystem. This is
important as these no-analogue rehabilitated ecosystems will likely require increased ongoing management
compared to rehabilitated natural ecosystems, therefore these alternative native ecosystem PMLUs should
be considered with caution.

Notwithstanding this need for caution, some sites may need to implement hybrid or planned novel ecosystem
rehabilitation and must strive to maximise the beneficial ecosystem services that the rehabilitation can
provide. The concept of ecosystem services is discussed in Spain et al. (2023). A definition is also provided
in the MSRS (Young et al. 2022). In determining a hybrid or planned novel outcome, a thorough assessment
of the biophysical limitations present at the site should be undertaken and the resultant considerations
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presented in the mine rehabilitation plan. In assessing whether such an outcome is the only alternative, the
operator must firstly attempt to identify a relevant analogue site to the substrate on which the rehabilitation is
to occur, and prioritise the production of a growth media suited to the analogue RE.

An ongoing challenge for the industry and regulators is the promotion of leading practices amongst the
legacy of historical approaches which have resulted in a variety of rehabilitation outcomes and standards.
The approvals process is site specific, risk-based and reflective of best practice and available technology at
the time. High levels of performance (e.g., diligent recovery and direct transfer of topsoil) are often a result of
standards required as conditions of approval. Hybrid systems may provide a useful steppingstone to the
improved outcome of a natural substitute ecosystem and leading practice would encourage such
management.

Table 1. Rehabilitated native ecosystem classes, characteristics and management considerations

Class | Subclass | Characteristics of the Management Example
rehabilitated native considerations
ecosystem

Natural | Historic Abiotic and biotic Post-mining management Same assemblage as present
characteristics of the RE that expected to be similar to prior to disturbance.
was present pre-mining. that of pre-mining RE.

Natural | Substitute | Abiotic and biotic Post-mining management Example for a coal mine
characteristics that differ from | expected to be similar to waste rock dump in the
those in the pre-mining RE, management of REs of the Bowen Basin - RE 11.10.4
but analogous to another RE surrounding bioregion. contains a variety of species
within the bioregion and from and occurs on very rocky
a relevant land zone. shallow soils.

Hybrid | n/a Ecosystem functions are Management action can be | Must be dominated by native
similar to an RE, but taken to manipulate these species to be considered
ecosystem is characterised by | systems towards an RE. native ecosystem
unique attributes not found in rehabilitation. May comprise
an RE. The unique aspects native species from a
can be overcome by homogenised mix of different
management to move the habitats and landscape
ecosystem towards an RE. positions.

Novel Planned A planned native ecosystem Self-sustainability unknown, | Must be dominated by native
that meets specific ecosystem | though expected to require species to be considered
services objectives but has no | management. Cannot be native ecosystem
RE analogue (i.e., itis manipulated to become a rehabilitation. E.g., Native
intentionally novel). Also RE. seed orchard (Nichols et al.,
known as a designer 1985; Gardner and Bell,
ecosystem. 2007; Annandale et al., 2021)

Bush tucker gardens
(Annandale et al., 2021),
Carbon sequestration
(Ntshotsho, 2006; Ahirwal
and Maiti, 2017)

Novel Unplanned | The unintentional result of Stable ecological form that Must be dominated by native
attempts to establish an RE cannot be manipulated to species to be considered
where biophysical limitations become an RE via native ecosystem
or rehabilitation techniques management intervention. rehabilitation.
have resulted in a unique and
stable assemblage that does
not have an analogous RE.

These unique aspects cannot
be managed to move the
ecosystem towards an RE.
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